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Zusammenfassung

Lungenkrebs ist die vierthaufigste Erkrankung in der Bundesrepublik Deutschland.
Jahrlich sterben bundesweit mehr als 40.000 Menschen daran. Damit ist der
Lungenkrebs eine der haufigsten Krebserkrankungen Uberhaupt. Allgemein
werden Lungentumore in kleinzellige (SCLC) und nicht-kleinzellige Lungen-
karzinome (NSCLC) unterteilt, die zu unterschiedlichen Prognosen fir das
Uberleben flhren. Mit Hilfe transgener Tiermodelle kénnen molekulare
Mechanismen in der Pathogenese untersucht werden um die Entwicklung
verbesserter Therapien vorantreiben zu kénnen. Daher wurden im Rahmen dieser
Doktorarbeit drei Mausmodelle des Lungenkarzinoms untersucht, welche
entweder die Serin-/Threoninkinase c-raf, den Transkriptionsfaktor c-myc bzw. das
Mitogen epidermal growth factor (EGF) Uberexprimieren. Mit Hilfe eines
Genkonstruktes, das regulatorische Sequenzen des surfactant protein-C (SP-C)
Promotors enthadlt, konnten die Transgene in alveoldrepithelialen Zellen
Uberexprimiert werden. Anhand zweidimensionaler Gelelektrophorese (2-DE) und
Matrixunterstitzter Laserdesorptions-/ionisations-Massenspektrometrie  (MALDI-
TOF/TOF) wurden Blutseren transgener Tiere untersucht und Proteomkartierungen
angefertigt. Neben einer allgemeinen Kartierung des Serumproteoms wurden
Biomarker gefunden, die entweder fir atypische adenomatdse Hyperplasien,
bronchiolo-alveolare Karzinome oder papillare Adenokarzinome der Lunge
spezifisch sind. Die Identifizierung von spezifischen Biomarkern ermdéglicht eine
verbesserte und frihzeitige Diagnostik sowie ein Monitoren der eingeleiteten

Therapien.

Schlagworter: Lungenkrebs / Biomarker / Serumproteomik
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Abstract

Lung cancer remains the leading cause of cancer death worldwide. In 2007, more
than 40,000 people died from this disease in the Federal Republic of Germany
alone. In general, lung tumors are classified as small cell (SCLC) or non-small cell
lung carcinomas (NSCLC). Essentially, transgenic animal models are useful for an
improved understanding of the molecular mechanisms of tumourigenesis. Here we
investigated three transgenic mouse models where targeted overexpression of the
serine/threonine kinase c-raf, the transcription factor c-myc or the mitogen
epidermal growth factor (EGF) was achieved by usage of a gene construct that
contains regulatory sequences of the surfactant protein-C (SP-C) promotor.
Animals thus overexpressed the transgene in alveolar-epithelial cells. We analyzed
blood serum of transgenic animals and report proteome maps developed by two-
dimensional gel-electrophoresis (2-DE) and matrix-assisted laser-desorption/
ionization-mass spectrometry (MALDI-TOF/TOF). We identified biomarkers that are
specific for atypic adenomatous hyperplasia, bronchiolo-alveolar carcinomas or
papillary adenocarcinomas of the lung. The identification of novel candidate
biomarkers by serum proteomics enables improved diagnostic and therapeutic

monitoring of patients.

Keywords: Lung cancer / biomarkers / serum proteomics
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Einleitung

Lungenkrebs ist sowohl bei Mannern als auch Frauen die vierthaufigste Erkrankung
in der Bundesrepublik Deutschland. Jahrlich sterben bundesweit mehr als 40.000
Menschen daran (Statistisches Bundesamt, 2007). Damit ist der Lungenkrebs eine
der haufigsten Krebserkrankungen Uberhaupt. Rauchen ist der gréBte Risikofaktor
(relatives Risiko >30-fach) und in mehr als 80% aller Falle fdr eine
Tumorerkrankung verantwortlich. Weitere Risikofaktoren fir eine Lungen-
tumorerkrankung sind unter anderem eine Exposition zu radioaktiven Stoffen und

die Inhalation von Schwermetallen, Asbest und Abgasen.

Lungentumore werden anhand histologischer Befunde klassifiziert und im
Allgemeinen in kleinzellige (SCLC) und nicht-kleinzellige Lungenkarzinome
(NSCLC) unterteilt. Neben dem Plattenepithelkarzinom und den groBzelligen
Karzinomen sind auch Adenokarzinome der Lunge zu beklagen, die weiterhin in
verschiedene  Subtypen untergliedert werden. Primar entwickeln sich
Lungentumore aus dem respiratorischen Epithel, wahrend alveolarepitheliale
Adenokarzinome des Menschen eher selten sind. Neuere Daten deuten auf einen
signifikanten Anstieg von Alveolar- und Clara Zell-Tumoren, die nach Schatzungen
bis zu 30% aller Adenokarzinome ausmachen. Die Uberlebenschancen eines
Patienten mit einem Lungenadenokarzinom liegen bei nicht einmal 10% innerhalb

von 5 Jahren.

Die molekularen Mechanismen in der Entstehung von Lungentumoren sind unklar
und treten sporadisch auf. Nur 12 bis 15% der tumorerkrankten Patienten kdnnen
mit gegenwartigen Therapieoptionen geheilt werden. Das Spektrum umfasst die
operative  Entfernung von erkranktem Gewebe sowie Strahlen- und
Chemotherapie. In den meisten Fallen jedoch ist die Metastasierung des Tumors
soweit im Korper fortgeschritten, dass die Heilungschancen gering sind. Zwar zeigt
eine Chemotherapie nach erfolgtem operativem Eingriff in frihem Krankheits-
stadium eine ldngere Uberlebensrate, doch sind die gegenwartigen

medikamentdsen und radiologischen Behandlungen nicht ausreichend, um das
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Krebsgewebe nachhaltig zu zerstéren und den letztendlich todlichen Ausgang zu

verhindern.

Entscheidende Ansatze flr ein verbessertes Verstandnis der molekularen Ursachen
liefern transgene Tiermodelle. Aufgrund ihrer mehr als 99%igen genetischen
Ahnlichkeit zum Menschen werden Mause in der biomedizinischen Forschung
routinemaBig eingesetzt. Gentechnisch  veranderte Mause ermaoglichen
mechanistische Untersuchungen, so beispielsweise die Relevanz Uberexprimierter
Onkogene oder das Abschalten von Tumorsupressorgenen in der Tumor-
entstehung. Basierend auf genetischen Untersuchungen an Patientenmaterialien
wurden zahlreiche Mausmodelle fir Lungentumore entwickelt fir die Suche und

Validierung neuer Therapien.

Im Rahmen dieser Doktorarbeit wurden drei transgene Mausmodelle untersucht,
welche entweder die Serin-/Threoninkinase c-raf, das Protoonkogen c-myc oder
den epidermal growth factor (EGF) Uberexprimieren. Durch Verwendung eines
malBgeschneiderten Genkonstruktes, das regulatorische Sequenzen des surfactant
protein-C  (SP-C) Promotors enthalt, konnten die Transgene gezielt in

alveolarepithelialen Zellen exprimiert werden.

Da jeder Zelltyp in der Lage sein muss, auf extrazellulare Signale zu reagieren,
bedienen sich Zellen definierter SignalUbertragungsketten, die haufig Uber die
Aktivierung von Rezeptoren und Phosphorylierungskaskaden zu einer Zellantwort,
beispielsweise einer veranderten Genexpression flhren. Zu den am besten
untersuchten SignalUbertragungswegen gehért die Mitogen-Aktivierte Protein
Kinase (MAPK)-Signaltransduktion (Abb. 1). Dabei kommt dem Transkriptions-
faktor c-myc eine groBe Bedeutung bei der Regulation von Zellzyklus und
Apoptose zu, jedoch sind die Proteinkinase c-raf und der EGF als Ligand der EGFR
Tyrosinkinase von besonderer Relevanz, wie etwa bei der Entstehung von

Lungentumoren.
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Abb. 1: MAPK Signaliibertragungskette. Der Signalweg der Mitogen-Aktivierten Protein
Kinasen (MAPK) spielt bei der Entstehung von Lungentumoren eine Ubergeordnete Rolle. MAP-
Kinasen regulieren durch mitogen-vermittelte extrazellulare  Stimulation Uber diverse
Phosphorylierungsschritte viele zellulédre Prozesse wie Genexpression, Mitose, Zelldifferenzierung,
das Uberleben einer Zelle oder Apoptose. Schliisselmolekiile sind insbesondere der epidermal
growth factor (EGF) als Ligand der membrangebundenen Rezeptortyrosinkinase epidermal growth
factor receptor (EGFR), die Serin-/Threoninkinase c-raf (Raf1) sowie der Transkriptionsfaktor und das
Protoonkogen c-myc. Quelle: Abgent Inc., San Diego, USA.

So sind in den c-raf transgenen Mausen morphologische Verdanderungen bereits
frth (ca. 3-4 Monate) zu erkennen, wahrend in weiter untersuchten
Mausmodellen transgen-spezifische Tumortypen erst nach 8-10 Monaten
erkennbar sind.  Mittels "disease proteomics” kdnnen  Proteine, die
krankheitsbedingt reguliert sind, identifiziert und naher charakterisiert werden,
wodurch neue Erkenntnisse in der molekularen Pathogenese der Lungentumore

gewonnen werden.

Ziel der Forschungsarbeiten im Rahmen dieser Doktorarbeit war daher die
Identifizierung von Proteinen, die in Lungentumoren exprimiert werden. Mit Hilfe
genomweiter Genexpressionsanalysen konnten bereits zahlreiche regulierte Gene
in Lungentumoren identifiziert werden. Deren Beitrag zur Krankheitsprogression

wird derzeit detailliert untersucht.
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In der vorliegenden Doktorarbeit wird deshalb nach diagnostischen und
krankheitsrelevanten prognostischen Biomarkern gesucht. Wesentlich ist deren
Quantifizierbarkeit, um biologische Prozesse vorhersagen und detektieren zu
kdnnen. Insgesamt wird weltweit nach diagnostischen Biomarkern gesucht, um
Tumore bereits frih erfassen und optimale Therapiekonzepte entwickeln zu
konnen. Der Nutzen von Biomarkern fir die frihzeitige Erkennung von

Adenokarzinomen wurde bereits in der Literatur ausfihrlich diskutiert.

Die Proteomforschung ist somit ndtzlich, um neue Biomarker zu finden, durch
beispielsweise vergleichende Untersuchungen des Serumproteoms von kranken
und gesunden Tieren, mit dem Ziel tumorspezifische Proteine zu lokalisieren und
sowohl deren Expression als auch Transport im Blut fUr diagnostische Zwecke zu
nutzen. Der Einsatz der Methoden der Proteomforschung in klinischen
Laboratorien ermdéglicht die Identifizierung von Serummarkern flr eine
prognostische und diagnostische Klassifizierung von Krankheitsstadien, aber auch

einen Therapieverlauf zu monitoren.

Die Tumorproteome von c-raf, c-myc und EGF induzierten Adenokarzinomen der
Lunge sind unbekannt. Mittels integrierter Methoden der Proteomforschung ist es

jedoch maoglich speziell regulierte Proteine zu finden und zu charakterisieren.
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Zielsetzung der Doktorarbeit

Folgende Ziele wurden in dieser Doktorarbeit verfolgt:

1. Proteomkartierung der Serumproteine gesunder Mause

2. Proteomkartierungen des Serums der transgenen Mausmodelle SP-C/c-raf,
SP-C/c-myc und SP-C/IgEGF

3. Neue Erkenntnisse Uber die Rolle von c-raf, c-myc und EGF in der Pathogenese
der Adenokarzinome der Lunge

4. Aufbau einer Serumproteomdatenbank als Referenz fir weiterfiihrende
Studien mit transgenen Mausmodellen

5. lIdentifizierung, Validierung und Quantifizierung regulierter
krankheitsassoziierter Proteine

6. Vergleich der regulierten Proteine zwischen den genannten Tiermodellen zur
Identifizierung sowohl universeller als auch selektiver Biomarker zur Erkennung

unterschiedlicher Stadien der Lungentumore
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Eingesetzte Methoden in der Doktorarbeit

Die Blutentnahme von transgenen Tieren erfolgte Uber die Vena cava. Die
Proteinkonzentration der zu untersuchenden Serumproben wurde mittels Bradford
Test bestimmt. Mit einem thioharnstoffhaltigen Lysepuffer (5 mol/L urea, 2 mol/L
thiourea, 40 mmol/L Tris, 4% CHAPS, 100 mmol/L DTT und 0.5% BiolLyte 3-10)
wurden Serumproteine von transgenen und gesunden Kontrolltieren extrahiert
und mittels zweidimensionaler Gelelektrophorese (2-DE) unter Verwendung der
pH-Bereiche 4-7, 5-8 und 3-10 entlang ihres individuellen isoelektrischen Punkts
und nach Molekulargewicht aufgetrennt. Nach kolloidaler Coomassie-Blaufarbung
der 2-D Gele wurden die gefarbten Gelspots mittels elektronischer Bild-
analyseverfahren quantifiziert und statistisch signifikante Unterschiede zwischen
gesunden und tumorerkrankten Mausen festgestellt. AnschlieBend wurden diese
Spots mit einem Spotcutter ausgeschnitten, entfarbt und tryptisch verdaut. Die
dadurch gewonnenen Peptide einzelner Proteinspots wurden mit Hilfe der
matrixuntersttzten Laserdesorptions-/ionisations-Massenspektrometrie (MALDI-
TOF/TOF) sowie LC-Massenspektrometrie (LC-ESI-MS) identifiziert (Abb. 2).
Proteinexpressionen wurden mittels Western Immunoblotting validiert. Des
weiteren wurden in silico Untersuchungen von Promoterregionen mittels

Bioinformatik durchgefihrt.
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Abb. 2: Arbeitsablauf in der Serumproteomik. Nach Gewinnung von Blutserum aus transgenen
Mausen werden die Proteine mit einem Lysepuffer extrahiert und mittels zweidimensionaler
Gelektrophorese (2-DE) aufgetrennt. Die Coomassie-gefarbten Proteinspots werden ausge-
schnitten, mit der Endopeptidase Trypsin verdaut und mit Hilfe von MALDI- oder LC-Massen-
spektrometrie analysiert. Die aufgenommenen Massenspektren werden ausgewertet, Proteine
identifiziert, in einer Datenbank archiviert und somit Serumproteomkarten angefertigt. Parallel
werden mittels elektronischer Bildanalyseverfahren regulierte krankheitsassoziierte Proteine
identifiziert. Quelle (modifiziert): Chatterji B, Ritorto MS, Garaguso |, Belau E, Gazzana G, Borlak J.
Onkoproteomics von Lungentumoren. Biospektrum 2006, 7, 732-735.
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Ergebnisse aus der Publikation I:

~Serum proteomics of lung adenocarcinomas induced by targeted
overexpression of c-raf in alveolar epithelium identifies candidate
biomarkers” (Chatterji B, Borlak J. Proteomics 2007, 7, 3980-3991)

Im SP-C/c-raf Mausmodell wurden histopathologisch innerhalb der ersten zwei
Lebensmonate morphologische Veranderungen der Lunge in Form einer
atypischen adenomattsen Hyperplasie (AAH) beobachtet. Makroskopisch waren
erste Tumorfoci bereits nach vier Monaten sichtbar, wahrend im Alter von zwdlf
Monaten die gesamte Lunge tumords war (Abb. 3). Serumproteome von Frih-
(1 Monat) und Spatstadien (12 Monate) wurden miteinander verglichen.
Durchschnittlich wurden 400 Proteinspots pro Gel analysiert. 45 gemeinsame und
finf de novo exprimierte Proteine wurden in gesunden nicht-transgenen und
transgenen Mausen identifiziert. Neben diesen de novo exprimierten Proteinen
waren bei einem Vergleich von Kontrolltieren mit erkrankten Tieren neun Proteine
differenziell exprimiert. Diese Proteine werden den Familien der Serpine,
Proteaseinhibitoren, Lipocaline, Transthyretine, Globine und Immunoglobuline
zugeordnet. Insbesondere wurde im Serum transgener Mause ein signifikanter, bis
zu 8-facher Anstieg von a-1-Antitrypsin (A1AT), a-2-Macroglobulin (A2M),
a-Globin, Major urinary protein (MUP) und Transthyretin (TTHY) beobachtet, die
zwar im Zusammenhang mit Lungen- oder Prostatakarzinomen bereits diskutiert
werden; die Regulation des Vitamin D-binding protein (VTDB) in Lungentumoren

wurde in dieser Doktorarbeit jedoch erstmalig beschrieben.

Abb. 3: Makroskopische Darstellung von
Lungentumoren in transgenen Mausen.
Im Vergleich zu einer gesunden Lunge (a,
nach Perfusion mit PFA 4%) ist eine Lunge
mit bronchiolo-alveolarem Karzinom nahezu
vollstdndig  durch  tumordses  Gewebe
durchsetzt (b). Quelle: Chatterji B, Borlak J.
A 2-DE MALDI-TOF study to identify disease
regulated serum proteins in lung cancer of
c-myc transgenic mice. Proteomics 2009, 9,
1044-1056.
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Ergebnisse aus der Publikation II:

»A 2-DE MALDI-TOF study to identify disease regulated serum proteins in
lung cancer of c-myc transgenic mice” (Chatterji B, Borlak J. Proteomics
2009, 9, 1044-1056)

In SP-C/c-myc transgenen Tieren wurden verschiedene Stadien der Tumor-
entwicklung beobachtet. Wahrend sich histopathologisch frih im Alveolar-
epithelium Dysplasien zeigten, wurden nach 8-10 Monaten makroskopisch
sichtbare, multifocale bronchiolo-alveoldre Karzinome (BAC) und nach 12-14
Monaten papillare Adenokarzinome (PLAC) der Lunge (Abb. 4) mit Metastasen in
der Leber und anderen Organen beobachtet. Serumproteomanalysen von Frih-
(3 Monate) und Spatstadien (14 Monate) fuhrten zu einer Identifikation von 46
unterschiedlichen Proteinen, von denen neun in beiden Stadien statistisch
signifikant (p<0,05) reguliert waren. Orosomucoid-8, A2M, Apolipoprotein A-l
(ApoA1), Apolipoprotein C-lll (ApoC3), Glutathione peroxidase 3 (GPX3), Plasma
retinol-binding protein (RETBP) und TTHY zeigten erhdhte Expressionen im Serum,
wahrend Apolipoprotein E (ApoE) in Spatstadien reprimiert war. Serum amyloid P
component (SAP) war ausschlieBlich in Spatstadien transgener Mause exprimiert.

Die Expression von ApoA1, RETBP, ApoE und SAP wurde mittels Western

Immunoblotting validiert.

Abb. 4: Histopathologische Darstellung von Lungentumoren in SP-C/c-myc transgenen
Mausen. Lungentumore konnen anhand histopathologischer Befunde klassifiziert werden
(Hematoxylin/Eosin-Farbung). Lunge einer gesunden Maus (a) und einer an Lungenkrebs (PLAC)
erkrankten Maus im Alter von 14 Monaten (b). Quelle: Chatterji B, Borlak J. A 2-DE MALDI-TOF
study to identify disease regulated serum proteins in lung cancer of c-myc transgenic mice.
Proteomics 2009, 9, 1044-1056.
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DarUber hinaus wurde in den Promoterregionen der kodierenden Gene einiger
krankheitsregulierter Proteine die E-Box Konsensussequenz 5'-CACGTG-3’
nachgewiesen, womit ein Zusammenhang mit der direkten Regulation durch den
Transkriptionsfaktor c-myc postuliert wird. Im Vergleich zum c-raf transgenen
Tiermodell (Publikation 1) waren die Proteinexpressionen von A2M, A1AT,
Properdin und TTHY vergleichbar. Die Expression von ApoE, ApoA1, ApoC3,
GPX3, Orosomucoid-8, RETBP und SAP sind hingegen c-myc spezifisch. Daher sind
die regulierten Proteine madglicherweise zur Unterscheidung von AAH und
BAC/PLAC besonders relevant. Darlber hinaus spielt ApoE (Abb. 5) eine wichtige
Rolle in der Apoptose. Die Regulation von ApoC3 und ApoE wurde in der

vorliegenden Doktorarbeit erstmals flir Lungentumore beschrieben.
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(#) des Proteins Apolipoprotein E flihrte. Die Abszisse bezeichnet das Masse/Ladungsverhaltnis
(m/z), die Ordinate bezeichnet die relative Signalintensitat der lonen in arbitrary units (a.u.).
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Ergebnisse aus der Publikation lli:
.Search for novel serum biomarkers of dysplasia in a transgenic mouse

model of lung cancer” (zur Publikation eingereicht)

Das SP-C/IgEGF Mausmodell zeigte histopathologisch nach 12-14 Monaten
Dysplasien im respiratorischen Epithel. Anhand der Histopathologie wurden nach
18-20 Monaten Lungentumore beobachtet (Abb. 6). 68 Proteine einschlieBlich
einiger Isoformen konnten elektrophoretisch zweidimensional aufgetrennt und
mittels MALDI-Massenspektrometrie identifiziert werden. 13 Proteine, darunter
Transporter, Signalmolekile und Apolipoproteine, waren statistisch signifikant
(p<0,05) reguliert. Western Immunoblotting einzelner Serumproteinextrakte
transgener Tiere ermdglichte den Nachweis flr eine de novo Expression von EGF
und Amphiregulin; das sind Liganden der EGFR-Tyrosinkinase. Eine Hochregulation
in Tieren mit Dysplasien wurde ebenfalls fir A2M, ApoA1, Fetuin B, Gelsolin,
Vacuolar protein sorting associated protein 28 homologue (VPS28) und Vitamin D-
binding protein (VTDB) beobachtet. Dagegen waren Apolipoprotein A-IV (ApoA4),
Apolipoprotein M (ApoM), Apolipoprotein H (ApoH), A-raf, Plasminogen und TTHY
in transgenen Mausen reprimiert. In Spatstadien der Tumorgenese sind ebenfalls
A2M, ApoA1, ApoA4, ApoM sowie GPX3 signifikant reguliert. Die Ergebnisse der
2-DE konnten fir ApoA1, ApoM, A-raf und TTHY ebenfalls mittels Western
Blotting bestatigt werden. Der Vergleich mit publizierten Serumproteomstudien
der c-raf und c-myc transgenen Tiere (Publikation | + Il) zeigt, dass A2M und TTHY
in allen drei Mausmodellen reguliert und damit als universelle Markerproteine fur
die Diagnostik von Lungentumoren von Bedeutung sind. Die Regulation der
Apolipoproteine ApoA4 und ApoM wurde fir die Entstehung von Lungentumoren
im Rahmen dieser Doktorarbeit erstmalig beobachtet. Die Bedeutung dieser
Proteine als Biomarkerkandidaten fir die Friherkennung von Lungenkrebs ist

daher von betrachtlichem Interesse fir deren klinische Evaluierung.
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Abb. 6: Histopathologische Darstellung von gesundem und entartetem Lungengewebe.
Gesundes Lungengewebe (a), Hyperplasien (b), Dysplasien (c), Adenokarzinome (d und e). Quelle:
Chatterji B, Borlak J. Search for novel serum biomarkers of dysplasia in a transgenic mouse model
of lung cancer. Submitted for publication, 2009.
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Diskussion

Die untersuchten transgenen Modelle zeigten unterschiedliche Stadien der
Lungentumorgenese, die makroskopisch und mikroskopisch nachgewiesen
wurden. In dieser Doktorarbeit wurden die Serumproteome der Mausmodelle
SP-C/c-raf, SP-C/c-myc und SP-C/IgEGF erstmalig untersucht und kartiert. Mittels
zweidimensionaler Gelelektrophorese und MALDI-MS/MS wurde basierend auf
>25.000 In-gel Verdaus eine Proteomdatenbank mit 88 gemeinsamen
Serumproteinen aufgebaut, die als Referenz fir weitere Studien mit transgenen
Mausmodellen dient und fir die genaue Zusammensetzung ihrer Serumproteome

aufschlussreich sein kann.

Mit Hilfe softwarebasierter Bildanalyseverfahren wurden Serumproteome in Form
von nahezu dreihundert 2-D Gelen von gesunden Kontrolltieren und transgenen
Tieren miteinander verglichen (, differential display”) und regulierte Proteinspots
detektiert, die sich als Biomarkerkandidaten flr die Erkennung von Lungen-
tumoren eignen kdnnen. Gegenwartig sind nur wenige Biomarker zur Erkennung
von SCLC und NSCLC bekannt, darunter CEA (carcinoembryonic antigen), CYFRA
21-1 (cytokeratin 19 fragment), TPA (tissue polypeptide antigen), ProGRP
(progastrin-releasing peptide), NSE (neuron-specific enolase) und Tumor M2-
pyruvate kinase. Viel diskutierte Markerproteine sind Serum amyloid A,
haptoglobin-a 2, ApoA1 und KLKB1 (plasma kallikrein B1 fragment) [Sung HJ et al.
BMB Rep. 2008, 41, 615-625].

Die Ergebnisse dieser Doktorarbeit liefern zum einen Hinweise flr universelle
Marker wie die Akute-Phase-Proteine TTHY und A2M, die sowohl in Frih- als auch
Spatstadien der Lungentumorgenese, d.h. AAH bzw. BAC/PLAC reguliert waren.
Deren Regulation wurde bereits in Patienten mit Bronchial-, Ovarial- und Prostata-
karzinomen beobachtet und ist daher krankheitsrelevant. Zum anderen wurden
selektive Marker zur Unterscheidung von AAH und BAC/PLAC mittels
Serumproteomik identifiziert, deren Regulation fir BAC/PLAC spezifisch waren

und bisher noch nicht berichtet wurden, darunter ApoE, ApoC3 und ApoH. Im
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Gegensatz dazu sind MUP, VTDB und EGFR, die selektiv in AAH reguliert oder de
novo exprimiert wurden, maogliche pradiktive Marker fir die Erkennung von
Lungentumoren des Menschen. Insbesondere sind eine Reihe von Apolipo-
proteinen wie ApoM, ApoA4 und ApoE von groBer klinischer Bedeutung und

kdnnen als potenzielle Biomarker vorgeschlagen werden.

Die Findung neuer Biomarker zur Erkennung von Lungentumoren sowie die
Unterscheidung verschiedener Tumorsubtypen wurde zum Patent angemeldet
(Borlak J and Chatterji B).

Ausblick

Basierend auf den Ergebnissen dieser Doktorarbeit ist die Translation in die Klinik
das nachste Ziel. Da die Entnahme von Patientenblut und Gewinnung von Serum
und anderen Korperfllssigkeiten wie Sputum etc. ohne groBen Aufwand
realisierbar ist, sind klinische Studien zur Entwicklung diagnostischer Kits mit
evidenzbasierten Biomarkern der ndchste Schritt zur Friherkennung von
Lungenkrebs des Menschen. Zudem ist eine Unterscheidung verschiedener Arten
von Lungentumoren anhand von Serummarkern flr eine gezielte Krebstherapie
von besonderer Relevanz. Trotz gesteigerter Uberlebenschancen durch
Vorsorgeuntersuchungen von Patienten mit Bronchialkarzinomen, liee sich mittels
standardisierten immunologischen Bluttests auf Basis spezifischer Biomarker eine
frihzeitige Diagnose von Tumoren stellen. Ist ein Tumor in der jeweiligen
Krankheitsprogression nicht mehr heilbar, sind Tumormarker zudem als
Verlaufskontrolle in der palliativen Therapie fir den Patienten und den

behandelnden Arzt von groBem Nutzen.
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Abstract

We previously reported a proteome map of lung adenocarcinomas in c-raf
transgenic mice. We now extend our initial studies to serum proteins at early stage
(1 month) and advanced stages of tumorigenesis (12 months). Notably, serum
proteins from wildtype and tumor bearing mice were extracted with a lysis buffer
containing 5 mol/L urea, 2 mol/L thiourea, 40 mmol/L Tris, 4% CHAPS, 100
mmol/L DTT, 0.5% Biolyte 3-10, separated by 2-DE and studied by image analysis.
On average 400 protein spots per gel were excised and analyzed by MALDI-TOF
MS. We identified 45 common and 5 uniquely expressed proteins in wildtype and
tumor bearing mice. Apart from uniquely identified proteins we observed for n=9
proteins differential expression when wildtype and tumor bearing mice were
compared. This included serpins and other protease inhibitors, lipocalins,
transthyretins, globins and immunoglobulins. Notably, we demonstrate significant
regulation of alpha-1-antitrypsin, alpha-2-macroglobulin, hemoglobin subunit
alpha, vitamin D-binding protein, major urinary proteins and transthyretin (up to
8-fold) in serum of lung tumor bearing mice. Disease association of these proteins
in human malignancies has been reported. Thus, an identification of regulated
serum proteins in this lung cancer disease model provides excellent opportunities

for the search of novel biomarkers.
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1 Introduction

In 2002, an estimated 1.2 million new cases of death caused by lung cancer were
diagnosed worldwide (American Cancer Society, 2002). Smoking is considered as
the major risk factor and accounts for > 80% of all diagnosed cases [1]. Other risk
factors include inhalation of radioactive compounds, heavy metals, asbestos and

petrochemicals [2].

In general, lung tumors are classified by histological phenotypes and are divided
into small cell lung carcinomas (SCLC) and non-small cell lung carcinomas (NSCLC).
The latter group is further divided into adenocarcinoma, large cell carcinoma and
squamous cell carcinoma. Notably, classification of human lung carcinomas by
mRNA expression profiling revealed distinct subclasses of adenocarcinomas that
might arise from bronchial, Clara and alveolar epithelium [3]. Recent data suggest
a significant rise in alveolar malignancies and may account for as many as 30% of

all adenocarcinomas [4].

One of the molecular causes leading to NSCLC has been linked to enhanced
mitogen activated kinase signalling of the ras-raf cascade resulting in high capacity
cell division and lung tumor formation [4]. Note, raf is an essential serine/threonine
kinase constituent of the MAPK signalling pathway and a downstream effector of
the central signal transduction mediator ras. Both, ras and raf are encoded by
proto-oncogenes which become oncogenes when mutated. The MAPK pathway is
dysregulated in a remarkable proportion of human malignancies through aberant
signalling upstream of the protein and by activating mutations of the protein itself,
both of which confer a proliferative advantage. Therapeutics targeting c-raf in
NSCLC and SCLC have therefore been evaluated [5, 6].

We are specifically interested in the role of c-raf in lung cancer biology and
therefore studied disease onset and progression in a transgenic mouse model [5].
These mice overexpress an activated form of c-raf-1, which mimics the effect of
c-ras activation [7]. The transgene was targeted to alveolar epithelial cells through

use of the surfactant protein C promotor (SP-C). In transgenic mice, the first
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morphological changes occurred in distinct areas of the lung within the first 2
months. After eight to ten months the whole lung was morphologically changed

showing typical features of lung adenocarcinomas [5].

At present, the tumor proteome of c-raf-induced lung adenocarcinomas is
unknown. Disease proteomics, however, may provide new insights into the
molecular events associated with lung carcinogenesis. Previous works from our
laboratory aimed at identifying pulmonary proteins expressed in lung tissue of
c-raf-induced lung tumors and of differentially expressed proteins for their putative
value in diagnostics and therapy [8]. We now extend our initial findings to the
serum proteome of c-raf transgenic mice and report de novo expression of tumor

associated proteins and regulation of serum proteins.

2 Materials and methods

2.1 Biological material and protein extraction

2.1.1 SP-C/c-raf model

SP-C/c-raf transgenic lung tumor bearing mice were obtained from the laboratory
of Prof. UIf Rapp (University of Wirzburg, Germany). A detailed description of the
SP-C/c-raf transgenic line is given in [7] and [8]. Blood serum of tumor bearing
mice (n=6, aged 1 month and n=15, aged 12 months) and blood serum of
wildtype mice (n=4, aged 1 month and n=12, aged 12 months), that served as
controls, were studied. Lung tumors arose multifocally. Starting as adenomatous
hyperplasia (AAH), first morphological changes in distinct areas of the lung
appeared within the first 2 months, only visible through histopathology.
Macroscopically, tumors were visible after 4 months. For our studies we used
1 month old mice at an early stage of tumor development, and 12 months old
mice with advanced tumor growth. At this point (12 months) almost the entire

lung is tumorous (see Fig. 5 for histopathology). Hematoxylin and eosin staining
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were used for histopathology of tumors. We compared expression of pulmonary

proteins of tumor bearing with those of wildtype mice.

2.1.2 Serum sample preparation

Blood serum was collected from the vena cava and allowed to clot for 2 h at room
temperature. The clotted material was removed by centrifugation at 3000 rpm for
15 min. Hemolysis was not observed. The sera obtained from the blood samples
were frozen immediately without any further treatment in liquid nitrogen and
stored at -80°C until further analysis. The protein concentration of serum was
determined by the Bradford protein assay (Protein Assay Dye Reagent Concentrate,
Bio-Rad), using bovine gamma globulin as the standard. Extraction yields ranged

from 80 to 90 pg/uL for both wildtype and tumor samples.

2.2 2-DE

2.2.1 IEF

In the first dimension, proteins were separated by IEF with precast IPG strips (pH
3-10, non-linear gradient and pH 4-7, linear gradient; both 170x3x0.5 mm, Bio-
Rad). Of the total proteins, 1 mg was diluted in a lysis buffer (5 mol/L urea, 2 mol/L
thiourea, 40 mmol/L Tris, 4% CHAPS, 100 mmol/L DTT, 0.5% BiolLyte 3-10;
Bio-Rad) to obtain a total volume of 350 pL per strip. Focused IPG strips were
rehydrated at 50 V for 12 h. IEF was performed at 20°C with a maximum voltage
of 10 kV and a maximum current of 50 pA per strip. Each sample was analyzed in
triplicate. After IEF, IPG strips were stored at -80°C until SDS-PAGE.

2.2.2 Reduction and alkylation

After IEF, IPG strips were equilibrated in 10 mL reducing buffer (2% DTT in 10 mL
equilibration buffer containing 6 mol/L urea, 30% glycerin, 2% SDS, 0.05 mol/L
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Tris-HCI, pH 8.8) for 15 min, followed by 15-min equilibration in 10 mL alkylation
buffer (400 mg iodoacetamide in 10 mL equilibration buffer).

2.2.3 SDS-PAGE

SDS-PAGE was performed in a Protean-plus Dodeca™ Cell (Bio-Rad) using self-cast
polyacrylamide gels (200 x 205 x 1.5 mm; 12% T). Gels were run in parallel in
0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS at 10°C with a constant voltage
of 70 V. The 2-DE standards (Bio-Rad) used for M, and p/ calibration were as
follows: hen egg conalbumin type | (76 kDa; p/ 6.0, 6.3, 6.6); BSA (66.2 kDa; p/
5.4, 5.6); bovine muscle actin (43 kDa; p/ 5.0, 5.1); rabbit muscle glyceraldehyde
3-phosphate dehydrogenase (36 kDa; p/ 8.3, 8.5); bovine carbonic anhydrase
(31 kDa, p/ 5.9, 6.0); soybean trypsin inhibitor (21.5 kDa; p/ 4.5); and equine
myoglobin (17.5 kDa; p/ 7.0).

2.3  Protein staining

Gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid, washed
three times for 20 min each in 500 mL 2% phosphoric acid and equilibrated with
500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium sulfate. Colloidal
CBB staining of proteins was initiated by addition of 6 mL staining solution (2%
CBB G250, Roth) to 500 mL of equilibration solution. Gels were stained for 48 h

and thereafter washed once with 500 mL water for 20 min.

2.4 Image analysis

Gel images were scanned with the Molecular Imager Pharos FX (Bio-Rad). Spot
detection, quantification and comparison of 2-D protein patterns was done with
the PDQuest 8.0 software (Bio-Rad). Background and vertical streaks were
removed from each gel image and spots were digitized by Gaussian fit. For
quantification a “matchset” of all gels was prepared and the absorbance of

individual protein spots from 2-D gels was assessed. The raw quantity of each spot
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in a member gel was divided by the total intensity value of all the pixels in the
image (i.e., total density in gel image); this normalization procedure of the
PDQuest program assumed that the total density of an image (background density
plus spot density) will be relatively consistent from gel to gel. After generation of
the analysis sets, the selected spots were excised and transferred to 96-well

microtiter plates (ABgene) by the EXQuest spot cutter (Bio-Rad).

2.5 Protein identification by MALDI MS

2.5.1 In-gel digestion

Each of the CBB-stained gel plugs was dehydrated in 50 pL acetonitrile (ACN),
rehydrated/washed with 50 pyL ammonium hydrogencarbonate solution (50
mmol/L) and then dehydrated with 50 pL ACN. Digestion with 20 ng/uL trypsin
(Sequencing grade, Promega) was performed at 37°C for 4 h. Resulting peptides
were extracted with 5 pL 1% TFA in an ultrasonic bath (Sonorex, Super RK 514
BH, Bandelin).

2.5.2 MALDI-TOF analysis

Extracted peptides were spotted directly onto a 600 pm/384 well AnchorChip
sample target (Bruker Daltonics) using the affinity preparation protocol
recommended by the manufacturer (matrix: CHCA). The MALDI mass spectra were
obtained using a Bruker Ultraflex II TOF/TOF mass spectrometer equipped with a
384-sample scout source (Bruker Daltonics). An external peptide calibration
standard containing the following fragments was used to calibrate the instrument:
angiotensin Il ((M+H]* 1046.54); angiotensin | ((M+H]"* 1296.68); substance P
(IM+H]* 1347.74); bombesin ((M+H]* 1619.82); ACTH clip 1-17 ((M+H]* 2093.09);
ACTH clip 18-39 ([M+H]* 2465.20); somatostatin 28 ([M+H]* 1347.47) (Bruker
Daltonics). Peptide masses were searched against the Swiss-Prot database
employing the MASCOT program (in-house MASCOT-server) [9] for protein

identification. Database searches were performed taking into account
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carbamidomethyl modification of cysteines and possible oxidation of methionine,
and allowing one missed cleavage. A mass inaccuracy of <100 ppm was required
for PMF. For further consideration, only those proteins were assumed to be
identified that were annotated from corresponding spots in at least three gels with
a MASCOT score >>53 being clearly separated from the next best match. MS/MS
analysis was performed when necessary. Identified proteins were sent to the
Proteinscape™ database (Protagen) and checked individually for further

consideration.

3 Results and discussion

3.1 Serum proteomics of SP-C/c-raf model mice

As described in the materials and methods, we used a thiourea-containing lysis
buffer to extract proteins from serum [10, 11]. Proteins were separated within pH
ranges of 3-10 and 4-7 and visualized with the colloidal CBB (CCB) stain. With the
CCB stain approximately 400 spots/gel were detected. Figure 1 depicts a serum

reference map for wildtype mice (pH 3-10).

3.2 Identification of serum proteins in SP-C/c-raf mice by MS

About 400 spots per gel were excised from CCB-stained gels. Protein spots from
three parallel gels of each sample were analyzed by PMF using MALDI-TOF MS
after tryptic in-gel digest. Identification was carried out by Swiss-Prot database
searches with MASCOT. When needed, protein identification was confirmed by

additional MS/MS experiments.

In tumor bearing and wildtype mice, 45 common (Tab. 1) and 5 unique serum
proteins were identified by MS and MS/MS. Our identification of serum proteins
fits best to those of Duan et al. [12], who reported 38 unique proteins and of Wait

et al. [13] with 28 distinct proteins (Fig. 2). Overall, we identified 24 serum
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proteins not reported by the afore-mentioned investigators. Furthermore 8 serum
proteins identified in this study are also expressed in lung tissue as reported
previously [8] and included ATAT4_MOUSE (spot no. 4), ATAT6_MOUSE (spot no.
5), ACTG_MOUSE (spot no. 8), ALBU_MOUSE (spot no. 10), APOA1_MOUSE (spot
no. 11), HBA_MOUSE (spot no. 25), TRFE_MOUSE (spot no. 41) and TTHY_MOUSE
(spot no. 42).

3.3 Differential expression of serum proteins in SP-C/c-raf transgenic

mice

Nine proteins were found to be differentially expressed (matched in >3 different
gels) with @ minimum of 2-fold regulation, whereas five proteins were found to be
exclusively expressed (see 3.4) when extracts of wildtype and lung tumor serum
proteomes (aged 12 months) were compared. Table 2a and 2b and Figure 3a and
3b depict examples of differentially expressed proteins from wildtype and tumor
bearing mice. Additionally, extracts from wildtype and tumor bearing mice at an
age of 1 month were analyzed to compare expression between early and late
stages of tumor development. Seven proteins were regulated in both tumor stages
(Tab. 2a). Prominent examples are discussed below in terms of their regulation in
human malignancies, overexpression of the c-raf kinase and regulation at different
stages of cancerogenesis. Fig. 4 depicts a comparison of average regulation of

these proteins between mice, aged 1 month and 12 months.

Spot no. 3 and no. 5 were identified as alpha-1 antitrypsin isoforms (A1AT,
Swiss-Prot  accession no.: Q00896 and P81105; ATAT3_MOUSE and
ATAT6_MOUSE). A1AT is a secretory glycoprotein produced mainly in the liver and
monocytes. It is the most abundant serine protease inhibitor in human plasma. It
predominantly inhibits neutrophil elastase and therefore prevents breakdown of
lung tissue. The deficiency of ATAT is an inheritable disorder characterized by
reduced serum levels of ATAT. Protease inhibitors Z (PiZ) and protease inhibitors S
(PiS) are the most common deficient genotypes of ATAT [14]. In previous studies

A1AT was shown to be regulated in lung cancer [15, 16, 17]. Notably, Woodworth
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et al. reported induction of the c-raf kinase in hepatocellular carcinoma along with
overexpression of ATAT [34]. Likewise, we demonstrate overexpression of ATAT in
tumor bearing mice at early (1 month) and advanced stages (12 months) of lung

tumor development.

Spot no. 7 was identified by PMF as alpha-2-macroglobulin (A2MG, Swiss-Prot
accession no.: Q61838; A2MG_MOUSE) from the protease inhibitor 139 family.
This plasma-specific protein is able to inhibit all four classes of proteinases by a
unique “trapping” mechanism [18]. More than twenty years ago A2MG was
reported to be a lung tumor marker being significantly increased in human tumor
patients [19]. A2MG levels, however, were slightly increased in patients with
pulmonary emphysema and pneumonia as well [15]. In the study of Misra and
coworkers incubation of prostate cancer cells with A2MG caused induction of c-raf
expression [35]. We observed a > 2-fold upregulation of this protein in tumor
bearing mice. Note, A2MG regulation at initial stages of cancerogenesis was
repressed or unchanged. We propose alpha-2-macroglobulin as a lung cancer

dependent candidate biomarker for advanced stages of disease.

Spot no. 25 was identified as hemoglobin subunit alpha (HBA, Swiss-Prot
accession no.: P01942; HBA_MOUSE). This protein is one of the subunits of
hemoglobin that belongs to the globin superfamily and is a heme-containing
protein in the red blood cells, involved in binding and/or transporting oxygen from
the lung to various peripheral tissues. Experiments have demonstrated that the
expression of HBA was upregulated upon specific apoptotic stimuli like cytokine
deprivation or cisplatin treatment in a hematopoietic pro-B cell line [20]. These
data indicate that HBA is a new and crucial factor in apoptosis, supporting the
mitochondrial pathway. Moreover, HBA was regulated in ovarian cancer [36].
Angiogenic studies with 17-DMAG, an orally bioavailable heat shock protein 90
modulator, decreased hemoglobin levels in vivo and reduced c-raf-1 expression in

vitro [37]. In serum of tumor bearing mice, HBA was overexpressed.

Spot no. 36 was identified as a major urinary protein (MUP). MUPs belong to
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the lipocalin superfamily, bind and slowly release male-specific pheromones in
deposited scent marks. Likewise, females also express these proteins, consistent
with their role in encoding individual signatures in scent marks [21]. Urinary
proteins had been used as biomarkers for lung cancer, such as pseudouridine [22].
In a genomics approach MUP was found to be repressed in lung adenocarcinomas
[23]. In our study, however, MUP was upregulated in the serum of tumor bearing
mice. Both, at early stage by 6-fold (Swiss-Prot accession no.: P11589;
MUP2_MOUSE), and at advanced stages of tumorigenesis by > 4-fold (Swiss-Prot
accession no.: P04938; MUP8_MOUSE). A c-raf dependent regulation of MUPs

was not reported so far.

Spot no. 42 was identified as transthyretin, also known as prealbumin (TTR,
Swiss-Prot accession no.: P07309; TTHY_MOUSE). TTR is a regular blood protein
which belongs to the same-named superfamily. It carries thyroid hormones, such
as thyroxine and tri-iodothyronine from bloodstream to tissues. Furthermore
transthyretin facilitates retinol transport through interaction with the retinol
binding protein (RBP, spot no. 38, Swiss-Prot accession no.. P00724;
RETBP_MOUSE). Mice lacking transthyretin expression have dramatically lower
levels of retinol and RBP as well as cellular RBP and was shown to be associated
with malignant transformation of ovarian surface epithelium [24, 25]. Notably,
Zhang et al. reported a truncated form of transthyretin to be repressed in human
patients with ovarian cancer [26] and suggests its use as a biomarker [27]. A recent
proteomic study demonstrated, however, upregulation of transthyretin in human
lung adenocarcinomas. In particular, the TTR monomer may be a blood marker for
cerebrospinal fluid barrier disruption that occurs, for instance, in cerebral
metastasis [28], but might also be regulated in carcinomas [29]. A downregulation
of transthyretin by more than 6-fold was reported for ovarian [30] and lung cancer
patients. We observed an initial 1.3-fold upregulation of this protein at an early
stage of lung cancer (1 month), but a more than four-fold downregulation in
mouse serum at advanced stages of tumor growth (12 months). The role of c-raf
in the regulation of transthyretin is uncertain. Nonetheless, results from the

present study and those reported by others point to TTR as an interesting
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candidate biomarker.

Based on PMF, spot no. 43 was identified as vitamin D-binding protein (DBP,
Swiss-Prot accession no.: P21614; VIDB_MOUSE) and regulated in serum of tumor
bearing mice. This protein belongs to the ALB/AFB/VDB family and can be found in
plasma, ascitic fluid, cerebrospinal fluid, urine and on the surface of many cell
types. In plasma, this multifunctional protein acts as a vitamin D sterol carrier and
binds the actin monomers, thereby preventing its polymerization. DBP associates
with  membrane-bound immunoglobulin on the surface of B-lymphocytes,
furthermore with membrane-bound IgG Fc receptor of T-lymphocytes [31].
Deglycosylation of serum DBP led to immunesuppression in cancer patients [32].
According to Hlavaty et al. DBP may be of utility as a serum biomarker in the early
detection of prostate cancer [33]. > 2-fold upregulation of DBP at advanced stages
of lung cancerogenesis is a novel finding. Note, 1,25-dihydroxyvitamin D3, a
vitamin D3 metabolite, caused activation of c-raf in human keratinocytes [38].
Additionally, in our studies DBP was downregulated by 1.3-fold in serum of lung
tumor bearing mice at early stage of tumor growth (1 month). These findings

warrant an evaluation of DBP as a candidate biomarker in cancer patients.

3.4 Exclusive expression of serum proteins in SP-C/c-raf transgenic mice

Notably, five proteins were found to be exclusively expressed either in wildtype or

tumor bearing mice, aged 12 months, which are discussed below.

A soluble form of the epidermal growth factor receptor (EGFR, spot no. 46, see
Tab. 2b, Swiss-Prot accession no.. Q01279; EGFR_MOUSE) was exclusively
identified in serum of wildtype mice. EGFR is a membrane-bound tyrosine kinase,
but soluble forms were also found in body fluids. Binding of EGF to EGFR leads to
dimerization and internalization of the EGFR complex. Through phosporylation of
tyrosine residues the EGFR connects to the MAPK/ERK pathway, with c-raf as a key
member, thereby stimulating DNA synthesis and cell proliferation. As reviewed by

Mendelsohn et al., the EGFR is a suitable target in the drug treatment of cancers.
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EGFR is overexpressed, dysregulated or mutated in many epithelial malignancies,
and activation of EGFR appears important in tumor growth and progression [39].
EGFR was proposed as a serum biomarker in breast and ovarian cancer [40].
Studies on human sera by Baron and coworkers demonstrated repression of SEGFR

in ovarian cancer [41, 42, 43].

The role of serum properdin (spot no. 50, see Tab. 2b, Swiss-Prot accession no.:
P11680; PROP_MOUSE) in tumor bearing mice was investigated by Schwartz et al.
more than fourty years ago [44, 45]. In our studies, properdin was found
exclusively expressed in wildtype mice. Properdin, also known as factor P, is a
positive regulator of the alternate pathway of complement. It binds to and
stabilizes the (C3- and C5-convertase enzyme complexes. It is known that
properdin participates in some specific immune responses. It plays a part in tissue
inflammation as well as in the engulfing of pathogens by phagocytes. In addition,
properdin is known to support neutralization of some viruses. As a component of
the alternative pathway for complement activation, properdin complexes with

another protein, C3b, to stabilize the alternative C3 convertase (C3bBb).

The immunglobulin gamma-2B chain C region (spot no. 47, see Tab. 2b, Swiss-
Prot accession no.: P01867; GCBM_MOUSE) was found to be exclusively expressed
in wildtype mice, whereas the immunglobulin J chain (spot no. 48, see Tab. 2b,
Swiss-Prot accession no.: P01592; 1GJ_MOUSE) and immunglobulin kappa chain
V-lll region MOPC 70 (spot no. 49, see Tab. 2b, Swiss-Prot accession no.:
P01656; KV3C_MOUSE) were found exclusively expressed in tumor bearing mice.

To the best of our knowledge, their role in lung cancer is unknown.
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4 Concluding remarks

Based on the initial works of our laboratory [8] we now extended our
investigations to the serum proteome of lung tumor bearing mice. Two stages of
tumor development were studied (1 month and 12 months). Protein expression of
tumor bearing mice was compared with those of wildtype, e.g. non-transgenic
animals. In total, 8 proteins identified in tissue of lung tumor bearing mice were
also identified in serum. A total of 50 proteins were identified in serum, some of
which were specifically regulated or exclusively expressed either in tumor bearing
or wildtype mice. The biological functions of the identified proteins associated with
tumorigenesis are not always clear. Notably, we found alpha-1-antitrypsin (A1AT)
and alpha-2-macroglobulin (A2MG) to be upregulated in the serum proteome of
12 months old mice and according to literature its regulation is linked to c-raf
overexpression [34, 35]. We extend early findings for their regulation in tissue [15,
16]. ATAT was upregulated in 1 month old mice as well, whereas expression of
A2MG was downregulated in 1 month old mice. Hemoglobin subunit alpha was
upregulated in serum samples of lung tumor bearing mice (12 months) and may
play a role in apoptosis [20]. We found major urinary proteins to be upregulated
both, in early and late stages of tumor development. MUPs may serve as
biomarkers for lung cancer [12, 22]. Upregulation of vitamin D-binding protein
(DBP) in advanced stages of lung cancer is a novel finding. A role for c-raf
activation by a vitamin D metabolite in human keratinocytes has already been
reported [38]. We found expression of transthyretin to be upregulated in 1 month
and repressed in 12 month old tumor bearing mice. Therefore, previously reported
findings fit well with our results of regulated serum proteins. We thus propose
their in-depth validation as biomarker candidates for the detection of lung

adenocarcinomas.
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Figure captions

Figure 1:

Figure 2:

Figure 3a/b:

Figure 4:

Figure 5:

2-D reference map of blood serum from wildtype mice stained
with CBB.

Comparison of works investigating the mouse serum
proteome. Duan and coworkers reported 38 mouse serum proteins,
while Wait et al. reported 28 proteins. We identified 50 proteins, 24
of them were novel and not reported so far. 14 proteins were in

common.

Examples of differentially expressed serum proteins of tumor
bearing (T) and wildtype (C) mice. Protein spots of interest are
marked by circles and/or arrows. a: differentially expressed serum
proteins from mice, aged 1 month. b: differentially expressed serum

proteins from mice, aged 12 months.

Comparison of protein expression profiles. Comparison of
expression profiles of regulated serum proteins between lung tumor
bearing and wildtype mice (1 month and 12 months). T/C: average
ratio between n tumor bearing (T) and n wildtype (C) mice. T/C =
1.0: no regulation, T/C < 1.0: proteins are downregulated in tumor
bearing mice, T/C > 1.0: proteins are upregulated in tumor bearing

mice.

Histopathology of tumorigenesis in the lung of c-raf transgenic mice.
Lung tumors arose multifocally. Starting as adenomatous hyperplasia
(AAH), first morphological changes in distinct areas of the lung
appeared within the first 2 months. This figure shows advanced
stages of tumorigenesis (12 months), when almost the entire lung is

tumorous.
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Table captions

Table 1: Protein identification in 2-DE maps of serum proteins from
wildtype and SP-C/c-raf transgenic lung tumor bearing mice,
identified by MALDI-MS. See supplementary table 1 for detailed

information.

Table 2a/b: Quantification of regulated proteins from 2-D gels. a: Protein
expression profiles from tumor bearing (T) and wildtype (C) mice,
aged 1 month. b: Protein expression profiles from tumor bearing (T)
and wildtype (C) mice, aged 12 months. Significant differential
expression of protein spots that were quantified from 2-D gels.
Quantification of protein abundance was done using the PDQuest 2-
D software (Bio-Rad) by measuring the normalized OD (arbitrary
units, AU) of each protein spot. The change in abundance of the
proteins is expressed by the calculated ratio between average tumor
(T) and wildtype (C) protein expression values. Exclusively expressed

proteins are marked by T or C.

Supplementary Table 1: An overview of mouse serum proteins. The Mascot
score, the number of identified peptides, their
sequence and the protein coverage of the best hits are
shown for each identified protein. O@M: Abbreviation

for oxidation at the amino acid methionine.
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Figure 2
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Figure 3a
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Figure 3b
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Figure 5
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Table 1

No. Protein identification Protein superfamily
1 A1AG1_MOUSE Alpha-1-acid glycoprotein 1 (Orosomucoid-1) Lipocalin
2 A1AT2_MOUSE Alpha-1-antitrypsin 1-2 Serpin
3 A1AT3_MOUSE Alpha-1-antitrypsin 1-3 Serpin
4 A1AT4_MOUSE Alpha-1-antitrypsin 1-4 Serpin
5 A1AT6_MOUSE Alpha-1-antitrypsin 1-6 Serpin
6 A2AP_MOUSE Alpha-2-antiplasmin Serpin
7 A2MG_MOUSE Alpha-2-macroglobulin Protease inhibitor 139
8 ACTG_MOUSE Actin, cytoplasmic 2 Gamma-actin Actin
9 AFAM_MOUSE Afamin (Alpha-albumin) ALB/AFP/VDB
10 ALBU_MOUSE Serum albumin ALB/AFP/VDB
11 APOA1_MOUSE Apolipoprotein A-| Apolipoprotein A1/A4/E
12 APOA4_MOUSE Apolipoprotein A-IV Apolipoprotein A1/A4/E
13 APOE_MOUSE Apolipoprotein E Apolipoprotein A1/A4/E
14 APOH_MOUSE Apolipoprotein H (Beta-2-glycoprotein 1) Complement control module/SCR domain
15 CFAB_MOUSE Complement factor B (C3/C5 convertase) Peptidase S1
16 CLUS_MOUSE Apolipoprotein J (Clusterin) Clusterin
17 CPN2_MOUSE Carboxypeptidase N subunit 2
18 ESTN_MOUSE Liver carboxylesterase N (Lung surfactant convertase) Type-B carboxylesterase/ lipase
19 FETUA_MOUSE Fetuin A (Alpha-2-HS-glycoprotein) Fetuin
20 FETUB_MOUSE Fetuin B Fetuin
21 GCB_MOUSE Ig gamma-2B chain C region secreted form Immunglobulin
22 GELS_MOUSE Gelsolin (Brevin) Villin/gelsolin
23 GPX3_MOUSE Glutathione peroxidase 3 Glutathione peroxidase
24 HA10_MOUSE H-2 class | histocompatibility antigen, Q10 alpha chain MHC class 1
25 HBA_MOUSE Hemoglobin subunit alpha (Alpha-globin) Globin
26 HEMO_MOUSE Hemopexin Hemopexin-like domain
27 HV51_MOUSE Ig heavy chain V region AC38 205.12 Immunglobulin
28 IGHG1_MOUSE Ig gamma-1 chain C region secreted form Immunglobulin
29 KAC_MOUSE Ig kappa chain C region Immunglobulin
30 KNG1_MOUSE Kininogen-1
31 KV3D_MOUSE Ig kappa chain V-Ill region 50510.1 Immunglobulin
32 KV5K_MOUSE Ig kappa chain V-V region HP R16.7 Immunglobulin
33 KV5L_MOUSE Ig kappa chain V-V region HP 93G7 Immunglobulin
34 MBL1_MOUSE Mannose-binding protein A C-type lectin like
35 MUC_MOUSE Ig mu chain C region secreted form Immunglobulin
36 MUP8_MOUSE Major urinary proteins 11 and 8 (MUP8) Lipocalin
37 PLMN_MOUSE Plasminogen plasminogen/peptidase S1
38 RETBP_MOUSE Plasma retinol-binding protein Lipocalin
39 S6A11_MOUSE Sodium- and chloride-dependent GABA transporter 4 SNF (sodium neurotransmitter symporter)
40 SAA4_MOUSE Serum amyloid A-4 protein SAA
41 TRFE_MOUSE Serotransferrin Transferrin
42 TTHY_MOUSE Transthyretin (Prealbumin) Transthyretin
43 VTDB_MOUSE Vitamin D-binding protein (Gc-globulin) ALB/AFPN/DB
44 VINC_MOUSE Vitronectin Somatomedin B domain
45 ZA2G_MOUSE Zinc-alpha-2-glycoprotein MHC class 1
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Table 2a

Tumor Tumor Tumor Tumor Tumor Tumor Control Control Control Control Ratio

No. ProteinID ) T2) (T3) (T4) (T5) (T6) 1) () (c3) (ca) (T/C)

3 ATAT3_MOUSE 3825 3948 3698 3641 2769 2488 1562 643 281 121 3.7
5 ATAT6_MOUSE 2477 4772 1325 2462 2742 2644 1700 1240 2067 3606 1.3
7  A2MG_MOUSE 2683 319 3362 3404 1452 1345 2253 5181 1723 3635 0.7
25 HBA_MOUSE 39568 18081 4104 27938 24936 20095 32241 12354 21703 21248 1.0
36 MUP2_MOUSE 1499 1240 47 309 1933 1326 327 300 77 4 5.7
42 TTHY_MOUSE 36920 27522 28645 33670 34577 30648 19699 23241 28600 26460 1.3

43 VIDB_MOUSE 12981 19652 22967 24802 19831 16896 21342 25219 26614 29599 0.8
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Table 2b

No. Protein ID Tumor Tumor Tumor Tumor Tumor Control Control Control Control Ratio
’ (T1) (T2) (T3) (T4) (T5) (1) (c2) (c3) (ca) (1/0)
3 ATAT3_MOUSE - 538 234 186 - - 152 - - 2.1
5 A1AT6_MOUSE 100 68 6 654 - - - - 27 7.67
7 A2MG_MOUSE 506 1124 610 872 655 536 219 155 469 2.18
25 HBA_MOUSE 4990 2161 627 3176 3938 479 365 3608 2228 1.79
29 KAC_MOUSE 1146 897 - 566 1420 214 176 703 751 2.15
375 281 393 635 786 347 51 297 104 2.47
461 1465 1972 1365 1176 1009 138 244 223 3.19
478 1509 1482 2660 2911 2194 247 167 144 2.63
36 MUP8_MOUSE 2198 2333 1882 34 93 114 25 136 1852 2.46
1134 786 298 1 481 176 57 62 236 4.23
39 S6A11_MOUSE 203 154 56 742 503 - - - - T
600 1763 2439 1095 5878 1294 103 649 206 4.18
42 TTHY_MOUSE 1 479 84 21 50 276 417 1324 335 0.25
43 VTDB_MOUSE 3096 2466 4026 459 4149 2375 1124 1088 878 2.08
46  EGFR_MOUSE - - - - - 365 695 846 232 C
(Epidermal growth factor
receptor)
47  GCBM_MOUSE - - - - - 1548 1904 302 1509 C
(Ig gamma-2B chain C
region, membrane-
bound form)
48  1GJ_MOUSE 1156 1428 1853 766 5384 - - - - T
(Ig J chain)
49  KV3C_MOUSE 478 1509 1482 2660 2911 - - - - T
(Ig kappa chain
V-l region
MOPC 70)
50 PROP_MOUSE - - - - - 400 509 887 334 c

(Properdin)
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Supplementary Table 1:

A summary of serum proteins from SP-C/c-raf transgenic mice

[No. Ginternal
Ino)

Swissprot1D

Swissprot
Accession no.

Protein aliases

Mascot score
No. of matthed peptides
Percentual coverag:

Peptide sequences

Subcellular
location

Protein function / notes

1 (418

A14G1_MOUSE

Q83593

Alpha-

acid glcoprotein 1 [Precursar]

Orosomucaid-1
oM 1

845

857

AVTHVGMDESEIFVDWKK + 0B
HGAFMLAFDLKDEK
HGAFMLAFDLKDEK + 0@

YEGGVETFAHLIVLRK

ormi
Agp1

Appears to function in modulating the actity of the immune s/stem
during the acute-phase reaction.

2as21)

A14T2_MOUSE

P22599

Alpha-1-antitrypsin 1-2 [Precursor]
Serine protease inhibitor 1-
Alpha-1 protease inhibitor 2
Alpha-1-antiproteinase

AaT

1830

%5

AVHKAVLTIDETGT EABAATVFEAVPMSIIPPLR
AVLTIDETGTEAAAATVFEAV PISWPPILR
AVLTDETGTEAAAATVFEAVPISPPILR + 2 0@
AVLTDETGTEAAAATVFEAVPMSLPPILR + OB

FLEEAKIIHYQAEVFSVIIFAESEEAK.
FINGADLSGITEENAPLK
FINGADLSGITEENAPLKLSK.
VEAVKELDGDTVFALAYILFK
KPFDPENTEEAEFHVDK.
KPFDPENTEEAEFHVDKSTTVK
LSISGDYHLK

LSISGDYHLKTLMSPLGITR
LSISGDYHIKTLMSPLGITR + 0B
LVQIHPR

LVQIHPRLSISGDYIILK
MQHLEQTLHKELISK.

RLVQHIPR

SFQHLLQTLIRPDSELOLST GNGLFVHIIDLK.
TLMISPLGITR

TLMSPLGITR + 0@

VINDFVEKGTQGK
WKKPFDPENTEEAEFHVDK

spit-2
Atz
Dom2

Secreted

Inhibitor of serine proteases. s primary target is elastase, but i also has &
modrate affinty for plasmin and thrombin.

3(2852)

A1AT3_MOUSE

Q22896

Alpha-1-antitrypsin 1-3 [Precursor]
Serine protease inhibitor 1-
Alpha-1 protease inhibitor 3

AVLTMDETGTEAAAATVLLAVPYSIPPIVR + 2 OB
AVLTMDETGTEAAAATVLLAVPYSIPPIVR + 02 M
DOSPASHEIATIILGDFAISLYR
FDHPFLFIFEEHTQSPLFVGK.
FLEEAKIIHYQAEVFSVIIFAESEEAK.

FLLKRPR

FINGADLSGITEENAPLK
FINGADLSGITEENAPLKLSQAVHK
KLDQDTVFALAIIVILFK.

KPFDPENT EEAEFHVDESTTVK.

LAQHFPR

LSISGEYHLK

MQHLEQTLSK

HHYQAEVFSVIIFAESEEAK
HHYQAEVFSVIIFAESEEAKK

RLAQIHFPR

SFQHLLQTLHRPDSELOLST GHGLFVNIIDLK
SFQHLLQTLHRPDSELQLST GNGLFVHHDLKLVEK.
TLMISPLGITR

TLMSPLGITR + 0@

TLMSPLGITRIFIINGADLS GITEENAPLK + 02
VINDFVEK.

VINDFVEK GTQGK

spit-3
Dom3

Secreted

Inhibitor of serine proteases. s primary target is elastase, but f also has &
moderate affinty for plasmin and thrombin.

1819

A1AT4_MOUSE

Q897

Alpha-1-antitrypsin 1-4 [Precursor]
Serine protease inhibitor 1-4
Alpha-1 protease inhibitor 4

22

23
533

AVLTDETGTEAAAATVLQVATYSMPPIVR + O@M
DOSPASHEIATIILGDFALR
ELISOFLLIIR
ELISQFLLIIRR
FDHPFLFIFEEHTQSPIFVGK.
FINGADLSGITEENAPLK
FINGADLSGITEENAPLKLSK.
KLDQDTVFALATIVILFK.
LDQDTVFALANVILFK.
LSISGHYHLK
HHYQAEVFSVIIFAESEEAK
HHYQAEVFSVIIFAESEEAKK
QPFDPENTEEAEFHVDESTTVK
RSDAGIHPR

AQHIPR
SFQHLLQTLHRPDSELOLST GNGLFVHIIDLK
SFQHLLQTLIRPDSELQLST GNGLFVHHDLKLVEK.
TLMISPLGITR
TLMSPLGITR + 0@
TLMSPLGITRIFHINGADLS GITEENAPLK + 02
VINDFVEK.
VINDFVEKGTQGK
WKQPFDPENTEEA EFHVDESTTVK.

spit-d
Dom4

Secreted

Inhibitor of serine proteases. s primary target is elastase, but i also has &
moderate affinty for plasmin and thrombin.

50812)

A1ATE_MOUSE

Pa115

Alpha-1-antitrypsin 1-6 [Precursor]
Serine protease inhibitor 1-
Alpha-1 protease inhibitor &

1450
12

8.4

DOSPASHEIATHLGDFAISLYR
ELISKFLUIR
FDHPFLFIFEEHTQSPLFVGK
FINGADLSGITEENAPLK
KLDQDTVFALATIVILFK.

QHFPR
HHYQAEVFSVIIFAESEEAKK

RLAQIHFPR

SFQHLLQTLIRPDSELOLST GNGLFVHIIDLK.
TLMISPLGITR

TLMSPLGITR + 0@
TLMSPLGITRIFIINGADLS GITEENAPLK + 021

spit-5
Doms

Secreted

Inhibitor of serine proteases. s primary target is clastase, but t also has a
moderate affinty for plasmin and thrombin.

5(263%)

A24P_MOUSE

Q81247

antiplasrrin [Precursor]
plasmin inhibitor
Pl

AP

93.4
s

5.0

GFPKDDFLEGSER
LAPRIEEDY POFSSPK + 02IM
LDNQDFGDHATLK

1IPIIPSALPQLOEQR
SVPTAEETRR
TFGPDLKLAPR

Secreted

The major targets of this inhibitor are plasmin and trypsin, but it also
inactivates chymotrypsin.

7 (4853

A2MG_MOUSE

Qs1838

Alpha-

macroglobulin [Precursor]

Alpha-2-M
Pregnancy zone protein

193

73

AAPLSLCALTAVDOSVLLLKPEAK.
AINYLISGYQR
ALLAYAFALAGHK

ALSFYQPR
EEGTGIELTGIGSCEIANALSKLK
HSLGDIDAHSFQSVGINIFTIISK

VKALSFYQPR
VITHYRPGLPFSGOVILVDEK.

Azm
Pzp

Secreted

Is able to inhibit al four classes of proteinases by a unique ‘trapping”
mechanism. This protein has a peptide sretch, called the "bat region”
which contains specfic cleavage stes for different proteinases When a
proteinase cleavesthe batt region, a conformational change is induced in
the protein which traps the proteinase. The entrapped enzyme remains
active against low molecular weight substrates (actity against.high
molecular weight substrates is greatly reduced). Following cleavage in the
bait region a thioester bond s hydrolyzed and mediates the covalent
binding of the protein to the proteinase.

8 (4533)

ACTG_MOUSE

PEI71)

Actin, cptoplasmic 2 Gamma-actin

949
5

977

AVFPSIVGRPR

VAPEEHPVLLTEAPLIPK

Actgl
Actg

Cytoplasma

Cell structure and mobilty proteins actins are highly conserved proteins
that are invalved in various types of cell motiity and are ubiquitousy
expressed in all eukaryatic cell.

9 (2838)

AFAM_MOUSE

089323

Afamin [Precursor]
Alpha-alburnin
Alpha-alb

1890
22

58

AAPTQYLK
AAPQLPMEELVSLSK
AAPQLPMEELVSLSK + 021
ANVGFLPPFPTLDPEEK

THPAVDHCCK
THPAVDHCCKTDFAFR
VLNSHIVAVESK

YMDFLEDCCSR + 0@M

Secreted

Possile role i the transport of yet unknown ligand.
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a0792)

ALBU_MOUSE

Pa7724

serum albumin [Precursor]

55
38

95.7

AADKDTCFSTEGPILVTR
AETFTFHSDICTLPEKEK.
AFKAWAVAR

APQUSTPTLVEAAR
CCAEANIPPACYGTVLAEFQPLVEEPK.
CCsGSLVER
CCTLPEDQRLPCVEDYLSALIR
CSYDEHAK
CSYDEHAKLVQEVTDFAK

ENPTTRMGHYLHEVAR + 0@
HPDYSVSLLLR

KYEATLEK

LCAIPIILR
LCAIPHLRENYGELADCCTK

LSQTFPHADFAEITK.
LSQTFPIIADFAEITKLATDLTK.
LVQEVIDFAK

QUALAELVK

RHPDYSVSLLLR
RPCFSALTVDETYVPK
RPCFSALTVDETYVPKEFK
SLHTLFGDKLCAIPILR
THCDLYEKLGEVGFQNALVR
TRVSEHVTK
TUMDDFAQFLDTC CK.
TUMDDFAQFLDTC CK + 02 M
VCLLHEKTPVSEHVTK
YMCENQATISK + 0@
VIDLGEQHFK.
YTQKAPQUSTPTLVEAAR

Alb
Alb1
Alb-1

Secreted

Serum albumin, the main protein of plasma, has a good binding capacity
for water, Ca2+), Na(+), K(+), fatty acids, hormones, biliubin and drugs.
s main function is the regulation of the colloidal osmatic pressure of
blood,

1@

APOAT_MOUSE

Q623

‘Apolipoprotein A1 [Precursor]
Apo-al

Apoa-

28
19

a3

ARPALEDLR
DFAIIVYVDAVKDSGR
DPADIILEK

PADHILEKETDWYR
HSLMPMLETLK
LAELKSIPTLIEVHTR
LSPVAEEFR
LSPVAEEFRDR
QKLOELOGR
SHPTLIEYHTR
TQLAPHSEQMR
TQLAPHSEQMR + 02
TQLAPHSEQMRESLAQR + 0@
VAPLGAELQESAR
VAPLGAELQESARQK
VKDFAIIVYVDAVK
VOPYLDEFOK
VOPYLDEFQKK.
WKEDVELYR

Apoal

Secreted

APOAT partcipates in the reverse transport of cholesterol from tissues to
the ivr for excretion by prometing cholesterol efflux from tissues and by
acting as a cofactor for the lecithin chole terol acykransferase

h2@an)

APOA4_MOUSE

PIE728

‘Apalipoprotein AV [Precursor]
ApoAl

Apoa-ty

295
24

8.4

ALVQQLEQFR

ALVQQLEQFROQLGPIIS GEVESHLSFLEK

ATIDQILEDLRR

EAVEQFQKTDVTQQLSTLFQDK

EKVISFLISTLEK + 02M
KGSPDQPQALPLPEQAQEQAQEQAQEQY QPKPLES
LGDASTYADGVHIIK

LIHQMEGLAFQUIK + 2 0@M
LIHQMEGLAFQUIKE + 2 021
LQEHLKPYAVDLQDONTQTQENK + 02M
LOLTPYIOR

MMPHATIKVTGTFGENMOK + 3 021
ILAPLVEDVOSK

HMEELKGHLTPR + 0B

QLEQQVEEFRR

QQLGPIISGEVESHLSFLEK.

SLAPLTVGYQEK

TDVTQQLSTLFODKLGDASTYADGYHIIK

TVEPMIGENFIIK + 2 0B

VINSFSTLEKK + 02 M
VSAKIDQLOK

Apoad

Secreted

May have a role in chylomicrons and VIDL secretion and catabolism,
Required for efficent activation of lipoprotein lipase by ApoC-I; potent
activator of LCAT. ApoatV is a major componert of HDL and
chylomicrons

13(3409)

APOE_MOUSE

Pa8226

Apolipoprotein  [Precursor]
Apot

1980
15

953

GDRIR
ELEEQLGPVAEETR
ELEEQLGPVAEETRAR

LKGWFEPIVEDIHR + 0@
LOAEFOAR

QWANILMEK
SKMEEQTOQR + 0B
TANLGAGAAQPLRDR

Apoe

Secreted

Mediates the binding, internalization, and catabolism of lipoprotein
particles It can serve as a igand for the LDL (apo B receptor and for the
speciic apo-E receptor (chylomicron remnart) of hepatic tissues.

14(6728)

APOH_MOUSE

Qn3ss

Beta-2-glycoprotein 1 [Precursor]
Beta-2-glycoprotein |
Apalipoprotein H

ApoH

Beta(2)GPl
Activated protein C-binding protein
APC inhibit

210
23

545

ATFGCHETYKLDGPEEAECTK
ATVLYQGMR

ATVLYQGMR + 0@M
(CPFPPRPENGYVIIY PAKPVLLYK.
CPFPPRPENGYVIIY PAKPVLLYKDK.
CSVTVEAHCR
CTEEGKWSPDIPACAR
DGTIEIPSCFK.
DGTIEIPSCFKEHSSLAPWK
EHSSLARWK.

FTCPLTGMWPINTLR
FTCPLIGMWPINTLR + 021
ICPKPDDLPFATVVPLK

HGMMHGDKHFYCK +2 0@
TGTWSFLPTCR
TSYDPGEQIYSCKPGYVSR
VCPFAGILENGI/R

VKIQEQFK.

WSPDIPACAR

Apoh
B2gp1

Secreted

Binds to various kinds of negatively charged substances such as hepari,
phospholipids, and dextran suffate. May prevent activation of the intrinsc
blood coagulation cascade by binding to phosphalpids on the surface of
damaged cels.

15 (682)

CFAB_MOUSE

Pa4185

Complement factor B [Precursor]
EC 342147
€3/C5 convertase

1810
18

73

ALLDIGRDFK
ALRLPQTATCK
CLTHLIEKVASYGVRPR
CPRPQDFENGERWPR
DLEIEEVLFHPK.
GIIDYHKQPWOAK
KAEGIPEFYDYDVALVK

YGQTLRPICLPCTEGTTR

cib

of
H2-8f

Secreted

Factor B which is part of the alternate pathway of the complement system
is cleaved by factor D into 2 fragments: Ba and Bb. Bb, a serine protease,
then combines with complement factor 3b to generate the C3 or C5
convertase.

1501138)

CLUS_MoUsE

Q26893

Clusterin [Precursor]
Sufated glycoprotein 2
sGP-2

Clustrin
Apalipoprotein |
AP

7.5

03

ASGIDTLFQDR
ASGIDTLFQDRFFAR
ELHDPHYFSPIGFPHK RPHFLYPK.
HTCMKFYAR + 02M
QQSQVLDAMQDSFAR + 0M

YPK
VINKEIQAYQGVK.

clu

Apoj
Msgp-2

Secreted

ot yet clear. It i known to be expressed in a variety of tissues and it
seems to be able to bind to cells membranes and hydrophobic proteins. It
has been associated with programmed celldeath,

170819

cPIZ_MOUSE

QupBBS

Carboxypeptidase 1 subunit 2 [Precursor]
Carboxypeptidase 1 polpeptide 2
Carboxypeptidase I1 83 kDa chain
Carboxypeptidase 1 regulatory subunit
Carboxypeptidase I large suburit

7.0

12
527

AAHSQCAYSNPEGTVLLA CEESR
ALGLDEGEPAGSWDLTVEGR
CRALIIGLSSR
GAFOSLTGLOWLK + 0@
GOLVPIILKQEQUICPVIIPGHLSFR

WLIIQLSSR

cpn2

Secreted

The 83 kDa subunit binds and stabilzes the catalytic subunit at 37 degrees
Celsius and keeps it in circulation. Under some circumstances it may be an
allosteric modifir of the catalytc subunit
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1801729)

ESTH_MOUSE

P23953

Liver carborylesterase 11 [Precursor]
EC3101

PES-II
Lung surfactart convertase

146.0
2)

71

AISESGVVINTIVGKK
APEELAEK.
DAGYSTYMYEFR
DAGVSTYMYEFR + 0@
ELPLKISEDCLY LHIYSPADLTK.
FAPPQPAEPWSFVK

AIFAR
ISEDCLYLNIYSPADLTK

VLGKYISLEGFEQPVAVFLGVPFAKPPLGSLR
VISLEGFEQPVAVFLGVPFAKPPLGSLR

Endo-plasmatic
reticulum

Involved in the citoxifcation of xenobictics and in the activation of ester
and amide prodrugs. Involved in the extracellular metabolism of kung
arfactant

192714

FETUA_MOUSE

P29699

Alpha-
Fetuin-A
Countertrypin

HS-glcoprotein [Precursor

13
]

EXS

ANLMHNLGGEEVSVACK
ANLMHNLGGEEVSVACK + 0@M
AQUVPLPVSTLVERVIAATDCTAK
AQUVPLPYSTLVERVIAATDCTAKEVTDPAK
GLSDHRTYHDLR
HAFSPVASVESASGETLHSPK

VGQPGAAGPVSPMCPGR + 0@

Ahsg
Fetua

Secreted

Probably involved in differertiation,

226797)

FETUB_MOUSE

Q9oxct

Fetuin-B [Precursor]
IRLBS

M43
]

745

AMFHIIKPR
AMFHIIKPR + 0@

AMFHIIKPRR + OB
DGYMLSLIR + 0@
DOKDGYMLSLIR + 02 M
HVPLIOPVEK.

LVVLPFPGKEQR
WMFYES\VYGQCK + 0@M
SAECPGPEKEIINPLYLPP
5QASCSLQHSDSEPVGICQGSTVQSSLR

Fetub

Secreted

21 (7892)

GCB_MOUSE

P21866

lg gamma-28 chain C region secreted form

16
12

25

APQUYILPPPAEQLSR
APQUYILPPPAEQLSRK.

R
GLVRAPQVYILPPPAEQLSR
HEGLKIIYYLK
LEPSGPIST NPCPPCK.

LEPSGPIST IPCPPCKECHK.

TOSFSCIIVR

TDSFSCHVRHEGLK

TTPPSVYPLAPGCGDITGSSVTLGCLYK

VINKDLPSPER

WEKTDSFSCIIVR

Secreted

22 (4825)

GELS_MOUSE

P1332)

Gelsolin [Precursor]
Actin-depolymerizing factor
ADF

Brevin

26
19

95

AGKEPGLOWR

EVQGFESSTFSGYFK
GGVASGFKHVPHEVVQR
HYWRIEVWOR
QTQUSVLPEGGETRLFK.
RTPITVVR

SEDCFILDHGR
SEDCFILDHGRDGK.
SGALIISHDAPVLK.
SQHVQVEEGSEPDARWEALGGK.
TPSAAYLWVGAGASEAEK

M
VSHIGAGSMISVSLVADENPFAQGALR + 0@
IETOPAIIR

IETDPANIRDR

an
o

Secreted
(soform 1)

Cytoplasma
(soform 2)

Calcium-regulated, actin-modulating protein that binds to the plus (or
barbed) ends of actin monomers or flaments, preventing monomer
exchange (end-blocking or capping). It can promote the assembly of
monormers irto filamerts (nucleation) as well as sever filaments aleady
formed.

236139

GPX3_MOUSE

PasaI2

Glutathione peraxidase 3 [Precursor]
EC1.11.1.9
GsHPe3

GPe3
Plasma glutathione peracidase
GsHPcP

755
5

577

FLYGPDGIPYIR + 0@M
WMDILSYIRR + 2 02M
HSCPPTAELLGSPGR
TTVSIVKMDLSYMR + 2 02M
YVRPGGGFVPIIFQLFEK

Secreted

Protects cells and enzymes from oddative damage, by catalyzing the
reduction of hydrogen peraxide, lipid  peroxides and  organic
hydroperaxide, by glutathione.

2a2533)

HA1)_MOUSE

Pa1898

H-2 class | histocompatibilty antigen, Q12 alpha chain
[Precursor]

E2E)

95

AKGIEQSFHVSLR
APWMEQE GPEYWER + 0@1
APWMEQE GPEYWERETQR + 021
LEAECVEWLLR
FDSDAETPRIEPR + 0@\
FIVGYVDDTQFVS
FIVGYVDDTQFVRFDSDAETPR
GIEQSFHVSLR
GYLOYAYDGR
GYLQYAYDGRDVIALHEDLK
KWEQAGAAEYYR
TDPPKTHVTHHPGSEGDVTLR
THVTHHPGSEGDVTLR
TWTAADVAAITR

FETSVSRPGLGEPR
VLELGKETLLR

H2-Q13

WMembrane

Involved in the presentation of foreign antigens to the immune system.

250911

HBA_MOUSE

Pa1942

Hemoglobin subunit alpha
Hemoglobin alpha chain
Alpha-globin

M6
1

75

AAWGKIGGHGAEYGAEALER
IGGHGAEY GAEALER

IGGHGAEY GAEALERMFA SFPTTK
IGGHGAEY GAEALERMFA SFPTTK + 0@IM
LRVDPVIIFK.

WMFASFPTTK

WFASFPTTE + 0@

WFASFPTTKTY FPHFDVSHGSAQVK + 021
TYFPHFDVSHGSAQVK.
TYFPHFDVSHGSAQVKGHGK

Hba
Hba-al

Extracellular

Involved i axygen transport from the kung to the various peripheral

26 2722)

HEMO_MOUSE

Q91x72

Hemopesin [Precursor]

25
22

77

CSPDPGLTALLSDHR
DYFVSCPGR
VSCPGRGHGRPR
ELGSPPGISLETIDAAFSCPGSSR
FIPVTGEVPPR
FIPVTGEVPPRYPLDAR
GATYAFTGSHYWR
GECOSEGVLFFQGIIRK.
GGINLYSGYPK
GPDSVFLIKEDK.
KWFWDFATR
LFQEEFPGIPYPPDAAVECHR
LDLK

5SGAQATWTEVSWPHEKVDGALCLDK
SLPOPOKVIISILGCSQ

VWVYPPEKK

WFWDFATR

WKIPITSVDAAFR

YYCFOGIIK

YYCFQGIIKFLR

Hpx
Hpin

Secreted

Binds heme and transports it to the lver for breakdown and iron recovery,
after which the free hemopexin returns to the circulation.

27 7814)

HVS1_MOUSE

PIE33)

g heavy chain V region AC38 235.12

563
4

7.4

ASGYTFTDYYMIWVK
EVOLOOSGPELVKPGASVK
SLEWIGDIVFIINGGTSYIOK
SLTSEDSAVYYCAR

28 (7555)

1GHGI _MOUSE

Pa1868

Ig gamma-1 chain C region secreted form

79.8
5

27

APQUYTIPPPKEQIAK + 0@
CRUNSAAFPAPIEK.
SHWEAGNTFTCSVLHEGLHIIHHTEK
SVSELPIMHQDWLIIGKEFK + 0@
TTPPSVYPLAPGSAAQTISMVTLGCLVK + OBM
VISAAFPAPEK.

Secreted

295239

KAC_MOUSE

Pa1837

g kappa chain C region

916
5

25

DSTYSMISSTLTLTKDEYER + 0BM
HISYTCEATHK.
HISYTCEATHKTSTSPIVK
QIGVLISWTDQDSK.

SFIRIEC

WKIDGSER
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33N

KNG1_MOUSE

038877

Kininogen-1 [Precursor]

979

8.5

ATSQUUAGTKYVIEFIAR
AYFRCIGCVHAISTDSPDLEPVLK
COALDMTEMAR

COALDMTEWAR + 2 081
COALDMTENAR + 0@
DAEEAATGECTATVGK
ENEFVTQTCK

ESHTELAEDCEIK
FPSLHGDCVALPHGDDGECR
HLGOSLDCHANVY MRPWENIK + 0@M

SGHOYMLHR
SGHQYMLHR + 02M
TDGSPTFYSFK
VIEGTKTDGSPTFYSFK.
YVEFAR

Kng!
Kng

Extracellular

(1) Kininogens are inhibitors of thiol proteases; (2) HIMW-Kininogen plays
an importart.role in blood coagulation by helping to postion optimally
prek allein and factor XI next to factor XIf (3) HMW-kininogen inhibits

mbin- and plasmin-induced aggregation of thrombocytes; (4) the
e pepide badinn thet s el rom HMWAninogenshows
variety of physiological effects: (44) influence in smooth musde
contracto, (49) ducton o hypoteron, (40) ntruresis and dures,
(4D) decrease in blood glucose level, (46) i is a mediator of inflarnmation
and causes (4€1) increase in vascular pevmeah\h(y, 42 smlaton of
nociceptors (4€3) release of other mediators of inflammation
ostagandin (4t s  crdoproteive ffect (drecty v radkri
action, indirectly via endothelium-derived relaxing factor action); (5) LW
Kininogen inhibits the aggregation of thrombocytes (6) LMW-kininogen is
in contrast to HIMW-kininogen not invalved in bload cltting.

31 (4339

KV344_MOUSE

P23977

1g kappa chain V-1l region 53512.1

5.7

5.7

DIVLTOSPASLAVSLGOR
DIVLTQSPASLAVSLGQRATISCR

EVPYTFGGGTKLEIK
FSGSGSGTDFSLIIHPMEEDDTAMYFCQOSK.
FSGSGSGTDFSLIIHPMEEDDTAWYFCQOSK + 2 0B
FSGSGSGTDFSLIIHPMEEDDTAMYFCQQSK + OB
LUYAASHIQGSGYPAR

32(4333)

KVSK_MOUSE

PI1644

Ig kappa chain V-V region HP R16.7

843
5

59.4

ASQDISHIVLIWYQOKPDGTVK
DIQIT QTTSSLSASLGDR + 0@M
DIQT QTTSSLSASLGDRVTISCR + 0B
LUVYTSR

TFGGGTKLEK

Anti-arsonate hybridoma protein,

33619

KVSL_MOUSE

PI1645

1g kappa chain V- region HP 93G7

EE)

s
35

ASQDISHIVLIWYQOKPDGTVK
DIQMT QTTSSLSASLGDR

DIQT QTTSSLSASLGDR + 0@M
DIQT QTTSSLSASLGDRYTISCR

DIQT QTTSSLSASLGDRVTISCR + 0B
LUVYTSR

LUYYTSRLHSGVPSR

TFGGGTKLEK.

Anti-arsonate hybridoma protein,

346221

MBL1_MOUSE

P39739

Mamnose-binding protein A [Precursor]
MEP-A

Mannan-binding protein
Ra-reactive factor polysaccharide-binding component
p28B polypeptide

%.3
5

745

AEEKLANIMEAER + 0@W
LANMEAER + 0@
HAEENIKAIQEVATGIAFLGITDEATEGQFYVTGGR + 02M
SLCTELOGTVAIPR

SLCTELQGTVAIPRIAEENK.

VKSLCTELQGTVAPR

Wbl

WMembrane

Binds mannose and I-acetylglucosamine in a calcium-dependent manner.
Is capable of host defense against pathogens, by activating the classical
complement pathway inds pendently of the antibody.

135 (4738)

MUC_MOUSE

Pa1872

Ig mu chain C region secreted form

22

18
8.

DGFSGPAPR
DGFSGPAPRK.
DGKLVESGFITDPYTENK
ER/CTVTHR
EQLILRESATVTCLVK
FISKPIIEVHK HPPAVYLLPPAR
GFSPADISVQWLOR
GVASVCVEDWIIIR
GVASVCVEDWHIIRK.
HPPAVYLLPPAR
KEFVCTVTHR
LICEATHFTPKPITVSWLK
LVESGTTDPYTIENK
HLVAMGCLAR
HLVAMGCLAR + 02 M
SILEGSDEYLVCK
TGGKYLATSQULLSPK.
VLATSQULLSPK.

Igh-5

Secreted

Bsa17)

MUPB_MOUSE

Pa4938

Major urinary proteins 11 and 8 [Fragment]
MUPT1 and MUPS

917

25

AGEYSVTYDGRITFTIPK
EKIEDIIGHFR

FAQLCEEHGILRENIDLSIIAIIR
GEWHTILASDKR
LFLEQIHVLENSLYLK

Mups
Mup11

Secreted

Binds pheromones that are released from crying wrine of males. These
pheromones affect the sexual behavior of females.

37 5827)

PLMIN_MOUSE

23918

Plasminogen [Precursor]
34217

55
39

8.4

AGLEKIIVCR

CEGETDFVCR

COSWAAMFPHR + 0@

CTTPPPPPSPTYQCLK

DVILFEKR

EQQCVIMAENISK
VDWER

FVDWEREMR + 0@
GENYRGTVSVTVSGK.
GKTAVTAAGTPCQGAA QEPHR

LYDY CDIPLCASASSFECGKPQVEPKK.
WRDVILFEK + 0@M

HLEENYCR
HPDGDVIIGPWCYTTHPR
RYVLSECK

SFQYHSK
SFQYHSKEQQCVIMAEIISK + 0@
SSRPEFYK.
TAVTAAGTPCQGWAAQEPHR
TGIGHGYRGTISR + 0@
TICYTGWGETQGTFGAGR
TPENFPCK
TPENFPDAGLEMINYCR + 0@
venie,
vmmwnvmvww +0em
VSRFVDWIES

A T—
WLSECKTGIGHGYR
WEYCDIPR

WEYCHILKR

WSEQTPHR

WSEQTPHRHIIR

Pl

Secreted

Plasmin dissolves the fibrin of blood clots and acts as a proteolytic factor
in a variety of other processes including embryonic development, tissue
inflammation; in ovulation it weakens
the wall of the Grusfn foice. It scvates the urokinas-type
laaminogen actstor, colhgenases and seven] camplemert
caves fibrm, fhronectn, trombospond i
T Vo Wileband factor ta role St ermockig. and umor
invasion may be modlulated by CSPGA.

38 5215)

RETBP_MOUSE

Q724

Plasma retinol-binding protein [Precursor]
PREP

182

13
665

ARFSGLWYAIAK
DPIGLSPETRR

FSGLWYAIAK
LOHLDGTCADSYSFVFSR
LOHLDGTCADSYSFVFSRDPHGLSPETR
MKYWGVASFLOR
MKYWGVASFLOR + 0@M
EELCLER

QROEELCLER
QYRWEHIIGYCQSRPSR

WIEHNGY CQSRPSR

WIEHNGY COSRPSRIISL
YWGVASFLOR

Rbp4

Secreted

Debvers einal from the e tores o the e s b pe
mplex interacts with transthyretin, this prevents its loss
kr/ﬁ\(vatmnthmuqhthe Kidney glomerul

39 6334)

55AT1_MOUSE

P3165)

Sodium- and chloride-cependent GABA transporter 4
GaT4

59.2
5

7.2

AVHERGHWHIIIK
PYLCY)

LGASPRTVTVIIDCEAK.
VKGDGTISATEK
VLASDGEHIGHLR

Gabtd
Gatd
Gat-4

WMembrane

Terminates the action of GABA by its high affinity sodium-dependent
reuptake into presynaptic terminals. Can also transport beta-alanine and
taurine.

42 8129)

5444 MOUSE

P31532

Serum amyloid A-4 protein [Precursor]
Amyloid A-5 protein

1370

B3

AYEDNLEAIIQIADQYFYAR
EAVQGTWDLWS

GIIVEAQQR

KYFQGLLIIR
HHGLETLOATGK
HHGLETLQATOKAEBNGR
HPHHFRPEGLPEKF
YFQGLLIR

Saad
Saa5

Secreted

Major actte phase reactant. Apolipoprotein of the HDL complex.
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5 7732)

TRFE_MOUSE

Q921

Serotranferrin [Precursor]
Transferrin

Sicerophilin
Beta-1-metalbinding globulin

735

958

AVSSFFSGSCYPCADPVAFPK

GTDFQLIIOLEGK

GTDFQLNOLEGKK.

GYYAVAVVK

HOTVLDITEGKIPAEWAK.

PSHAVVAR

KPVDQVEDCYLAR

KPVKDFASCHLAQAPHIHVWVSR

KSCHTGLGH

KSCHTGVDR

KTSYPDCIK.

LCQLCPGCGCSST QPFFGYVGAFK.

LLEACTFHKH

LPEGTTPEK

LYLGHIYVVTAIR

HLKQEDFELLCPDGTR

HOQEGVCPEGSDSPVK

SAGWVIPIGLLFCK.

SCHTGLGR

SCHTGVDR

SCHTGVDRTAGWHPMGHLYIIR + 0@

SKDFOLFSSPLGK.

TAGATIPMGMLYIIR

TAGATIPMGMLYIIR + 02M
DCIK

TULPPDGPR

VAQEHFGK

VKAVITSQETLFGGSDCTGHFCLFK

VPPRMDYR + 0@M

WCALSHLES

WCAVSEHENTK

VLGAEYMOSVGHIN

VLGAEYMOSVGHIMR + 0B

YLGAEYMQSVGHIMRK + 0@M

T
T

Secreted

Transferrins are iron binding transport proteins which can bind two atoms
of ferric iron in assciation with the binding of an anion, usually
bicarbonate. It is responshle for the transport of iron from stes of
absorption and heme degracation to those of storage and utilzation
Serum transferrin may also have a further role in stimulating cel
prolferation.

l425191)

TTHY_MOUSE

Pa7339

Transthyretin [Precursor]
Prealbumin

136
[

635

HYTIAALLSPYSYSTTAVVSIIPON
KTSEGSWEPFASGK.
TAESGELHGLTTDEK
TAESGELHGLTTDEKFVEGYYR
TLGISPFHEFADVVFTANDSGHR
TSEGSWEPFASGK.
VIDAVRGSPAVDVAVK

Secreted

Thyraid hormone-binding protein. Probably transports thyroxine from the
bloodstreamto the brain.

143 (3736)

VTDB_MOUSE

P21614

Vitamin D-binding pratein [Precursor]

Group-specific component
Ge-globuiin
VDB

29
24

5.7

CCESTSEDCMASELPEHTIK + 0@

LAQKVPTA NLENVLPLAEDFTEILSR
LOMKHLSLLTTMSIIR + 2 0@
LOMKHLSLLTTMSHIR + 0@
RTQUPEVFLSK
SCESDAPFPVHPGTPECCTK
SCESDAPFPVHPGTPECCTKEGLER

VCIELAMLGKEDFR + 0@M
VCSQYAAYGK.

VCSQYAAY GKEK
VLEPTLKTLR

ac

Secreted

Multfunctional prtein found in plasma, ascitc luid, cerebrospinal fuid,
and urine and o the surface of many cel types. In plasma, it carres the
vitamin D sterols and preverts polymerization of actin by binding its
monomers. DBP associates with membrane-bound immunoglobulin on
the suface of B-ymphocytes and with 1gG Fc receptor on the membranes
of Tymphocytes.

laa1714)

VINC_MOUSE

P2s788

Vitronectin [Precursor]
Serum-spreading factor
S-protein

5.0
5]

521

LIODVWGEGPIDAAFTR
HGSLFAFR

HWHGVPGKYDAA MAGR
HWHGVPGKYDAA MAGR + 0@
SSDGAREPQFISR

TYLFKGSQYWR

Vin

Extracellular

Vitronectin is a cell adhesion and spreacing factor found in serum and
issues. Vitronetin interact with glycosaminaglycans and proteoglycans.Is
recogrized by certain members of the integrin family and serves as a cell-
to-substrate achesion molecule. Inhibitor of the membrane-damaging
effect of the terminal cytolytic complement pathway.

45 (2535)

226_MOUSE

Q84726

Zinc-alpha-2-glycoprotein [Precursor]
Zn-alpha-2 glycoprotein
Zn-alpha-2.GP

93.7

5.3

AREEIFLVT
AYLEEECPEMLKR
AYLEEECPEMLKR + 0@M
CLAYGFYPOR
DTTGSHTFQGMFGCEMNIIR + 0@
GFSQSLSVOWDR

DPPTVTITSR

ISLHWIIK

KLAFEPER

SHLDRIDPPTVTTSR

VIPGGHRFK

Azgpt

Secreted

Stimulates liid degraation in adipocytes and causes the extensie fat
losses associated with some advanced cancers

145 (2844)

EGFR_MOUSE

onzrs

Epidermal growth factor receptor

185
2)

939

ACGPDYYEVEEDGIR
ACGPDYYEVEEDGIRK.
AVIHVCHPLCSSEGCWGFEPR
CHILEGEPR
GPDIICIQCAHYIDGPHCVEK
GRSPSDCCHIIQCAAGCT GPR

YCTAISGDLHILPVAFKGDSFTR
YSFGATCVK
YSFGATCVKK

Egfr

Membrane

The EGF receptor mediates the biological signal of EGF, and also of TGF-
alpha, amphireguin, heparin-binding EGF, GP3 and vaccinia virus growth

47 (75636)

GCBM_MOUSE

Pa1867

Ig gamma-28 chain C region, membrane-bound form

APQUYILPPPAEQLSR
CPAPHLEGGPSVFIFPPIKDVLMISLTPK + 0@
HEGLKIIYYLK

LEPSGPIST NPCPPCK.

LEPSGPIST IPCPPCKECHK.

TOSFSCIVR

TDSFSCHVRHEGLK

TISRSPGLDLDDICAEAK.
TTPPSVYPLAPGCGDTTGSSVTLGCLYK
VHHKDLPSPER

WEKTDSFSCIIVR

Membrane
(soform 1)

Secreted
(soform 2)

48 1297)

16J_MOUSE

Pa1592

19 chain

.7

5
525

CYTTMVPLR + 0@
CYTTMVPLRYHGETK + 0@
IPSTEDPIEDIVER
IPSTEDPIEDIVERIR
HRWYHLSDVCK
HRWYHLSDVCKK

Serves to link two monomer urits o cither IgM or Ig4. In the case of Ig,
the J chainjoined dimer s a nucleating unt for the Ig pentamer, and in
the case of Iga it induces larger polymers t also help to bind these
immunoglobuins to scretory companent.

49 (2188)

KV343_MOUSE

PI1656

g kappa chain V-1l region MOPC 73

735
5

516

DIVLTOSPASLAVSLGOR
DIVLTQSPASLAVSLGQRATISCR

EVPATFGGGTKLEK
FSGSGSGTDFSLIIHPMEEDDTAYFCQOSK + 2 0BM
LUYAASHIQGSGYPAR

Bence-Jones protein

530739)

PROP_MOUSE

P1168)

Properdin

922
s

7.4

CGGHCPGEAQQSQACDTOK.
HGGPFCAGDATR

LVVEEKR

WSINICEGTPGQQSR
WSINCEGTPGQQSR + 0@
QRLCTPLLPK

QRVCDIIPARK
5CSAPAPSHOPPGKPCSGPAYEHK
TCDHPAPR

chp
Pfe

Secreted

A postive regulator of the alternate pathway of complement. It binds to
and sabilizes the C3-and C5-convertase enzyme complexes.
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Abstract

We previously reported targeted overexpression of c-myc to alveolar epithelium to
cause lung cancer. We now extended our studies to the serum proteome of tumor
bearing mice. Proteins were extracted with a thiourea-containing lysis buffer and
separated by 2-DE at pH 4-7 and 3-10 followed by MALDI-TOF/TOF analysis. Forty
six proteins were identified in tumor bearing mice of which n=9 were statistically
significant. This included disease regulated expression of orosomucoid-8,
alpha-2-macroglobulin,  apolipoprotein-A1,  apolipoprotein-C3,  glutathione
peroxidase-3, plasma retinol-binding protein and transthyretin, while expression of
apolipoprotein-E was decreased at late stages of disease. Moreover, serum amyloid
P component was uniquely expressed at late stages of cancer. It is of considerable
importance that most disease regulated proteins carried the E-Box sequence
(CACGTQG) in the promoter of the coding gene, therefore providing evidence for
their regulation by c-myc. Notably, expression of alpha-2-macroglobulin,
transthyretin, alpha-1-antitrypsin and properdin was in common in different lung
tumor models, but regulation of orosomucoid-8, apolipoprotein-At,
apolipoprotein-C3, apolipoprotein-E, glutathione peroxidase-3, plasma retinol-
binding protein and serum amyloid P component was unique when the serum
proteome of c-myc and c-raf tumor bearing mice were compared. Therefore,
candidate biomarkers to differentiate between atypical adenomatous hyperplasias
(AAH) and bronchiolo-alveolar (BAC)/papillary adenocarcinomas (PLAC) can be

proposed.
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1 Introduction

Lung cancer remains the leading cause of cancer death worldwide. In 2007,
approximately 160,000 people died from lung cancer in the United States alone
(American Cancer Society, 2007). Smoking is considered to be the primary cause

of lung cancer and accounts for > 80% of all diagnosed cases [1].

In general, lung tumors are classified as small cell (SCLC) or non-small cell lung
carcinomas (NSCLC). NSCLC are further divided into adenocarcinomas, large and
squamous cell carcinomas. Subclasses of adenocarcinomas may be divided further
in Clara and alveolar epithelial cancers [2]. Indeed, a recent study suggests alveolar
epithelial carcinomas to be on the rise and may account for up to one third of all

adenocarcinomas [3].

The majority of cancers are considered to be of sporadic origin, but many tumors
display altered c-myc activity. Notably, c-myc becomes overexpressed or amplified
in human lung cancer cells [4-15]. For instance, to determine the role of oncogene
overexpression in NSCLC, c-myc was analyzed in surgically or endoscopically
obtained tumor samples and samples of normal bronchopulmonary tissue taken
from the same patients [10]. In contrast to normal tissue, there was up to 57-fold
increase in c-myc mRNA in tumors. Furthermore, c-myc overexpression was
significantly more prevalent in large-cell cancer than in adenocarcinoma, and
tumor differentiation was negatively correlated with c-myc mRNA amounts.
Recently, a study examined >150 human NSCLCs and showed that Wnt1
overexpression was associated with tumor proliferation and poor prognosis in lung
cancer patients [15]. Since c-myc is one of the proliferation-regulating targets of
Wnt, its expression was analyzed as well. Indeed, the percentage of lung tumor
cells expressing c-myc was significantly higher in Wnt-positive than in Wnt-

negative tumors.

However, as early detection of disease improves overall survival, we were

particularly interested to study disease regulated proteins. Here we report our
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efforts to identify serum biomarkers of disease in a c-myc transgenic lung cancer

mouse model as previously reported by us [16].

Specifically, c-myc encodes a 49 kDa nuclear phosphoprotein that is classified as a
basic helix-loop-helix/leucine zipper-type (bHLH/LZ) transcription factor. C-myc
progresses cell cycle regulation [17] and forms a heterodimeric protein complex
with max, another 18 kDa bHLH/LZ protein. The c-mycd/max complex then
recognizes the consensus sequence 5-CACGTG-3’, also known as an E-box motif
[18]. This motif is located in promoter sequences of many genes targeted by
c-myc. Genome wide scanning by DNA microarray, SAGE and chromatin
immunoprecipitation (ChIP) provide evidence for more than 1,000 c-myc target
genes. Through its numerous direct and indirect targeted genes, the c-myc
oncoprotein is linked to many cellular processes including signal transduction, DNA
synthesis and repair, apoptosis, cell adhesion, cytoskeleton dynamics and
regulation of ion channels [19]. As detailed above, expression and activity of c-myc
is increased in many human malignancies either due to undue amplification of the
reference allele or by hyperactivity of the mutated protein [20]. Nonetheless, the
precise molecular mechanism by which c-myc influences cell growth and division in

normal and tumorous cells remains elusive.

In fact, in the United States alone more than 70.000 cancer deaths per year are
ascribed to altered c-myc abnormalities [21]. In the past we reported targeted
overexpression of c-myc to alveolar epithelium to result in bronchiolo-alveolar
carcinomas (BAC) and papillary adenocarcinomas (PLAC) [16, 22]. As of today,
disease regulated serum proteins of c-myc-induced lung adenocarcinomas are
unknown. We therefore applied 2-DE and MALDI MS to identify candidate
biomarkers at early and late stages of disease. We further compared our findings
with results from a recently published serum proteome study with c-raf transgenic
mice, which developed lung cancer as well [23]. Thus, serum biomarkers may be
identified to differentiate amongst different lung cancer malignancies. Overall, this
study aimed at identifying candidate disease biomarkers for the detection of lung

cancer.
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2 Materials and methods

2.1 Histopathology

Transgenic lung tumor bearing mice were bred and kept in the C57BL/6
background. A detailed description of the SP-C/c-myc transgenic line is given in
[16]. Here we refer to C57BL/6 non-transgenic littermates as controls. Fig. 1a
depicts the SP-C/c-myc gene construct while Fig. 1b (B1, B2) displays typical
features of the lung tumors. The mouse tumors were classified according to the
IARC - WHO system of classification (2004) by the board certified pathologist Dr.
Reinhard Spanel (Leipzig, Germany). Different stages of tumor development in the
alveoli were observed. Early stages were characterized by multifocal displastic
changes originating in the alveolar epithelium. Multifocal BAC were detected on
average around 8-10 months. Typically animals displayed PLAC around 12-14
months with metastatic spread to liver and other organs. Tissues were fixed in 4%
buffered formaldehyde in PBS for approximately 20 h, dehydrated and embedded
in paraffin (Roti-Plast ™, Roth). Tissue sections were stained with hematoxylin and

eosin according to standard protocols.

2.2 Sample preparation

Blood serum of healthy aged matched controls (n=12) and of lung tumor bearing
SP-C/c-myc mice, aged 3 (n=6) and 14 months (n=6) were studied. Blood was
withdrawn from the vena cava. After clotting for 2 h at room temperature, the
blood was centrifuged at 3500 rpm for 15 min. The resultant supernatants were
removed, frozen immediately in liquid nitrogen and stored at -80°C until further
analysis. The protein concentration in serum was determined by the Bradford

protein assay.

2.3 Two-dimensional gel-electrophoresis

Each sample was analyzed in triplicate. Serum proteins were separated without
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any pre-treatment by isoelectric focusing (IEF) with precast IPG strips (pH 3-10,
non-linear gradient and pH 4-7, linear gradient; both 170x3x0.5 mm, BioRad). 800
bug was diluted in a lysis buffer containing 2 mol/L thiourea, 5 mol/L urea, 40
mmol/L Tris, 4% CHAPS, 0.5% Biolyte 3-10 (BioRad), 100 mmol/L DTT [24, 25]
resulting in a total volume of 350 pL per strip. IPG strips were rehydrated at 50 V
for 12 h. IEF was performed at 20°C with a maximum voltage of 10 kV and a
maximum current of 50 pA per strip. After IEF, IPG strips were equilibrated in 10
mL reducing buffer (2% DTT in 10 mL equilibration buffer containing 6 mol/L urea,
30% glycerin, 2% SDS, 0.05 mol/L Tris-HCI, pH 8.8 and 0.5% bromphenol blue)
for 15 min, followed by equilibration in 10 mL alkylation buffer (4%
iodoacetamide and 0.5% bromphenol blue in 10 mL equilibration buffer) for 15
min [26]. SDS-PAGE was performed in a Protean-plus Dodeca™ Cell (BioRad) using
self-cast polyacrylamide gels (200 x 205 x 1.5 mm; 12% T). Gels were run in
parallel in 0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS at 10°C with a
constant voltage of 70 V overnight. Precision Plus Protein Unstained Standards™

(BioRad) was used for calibration of M, and p!.

2.4 Staining and imaging

2-D Gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid and
washed three times for 20 min each in 500 mL 2% phosphoric acid. Equilibration
was done with 500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium
sulfate thereafter. Colloidal Coomassie Brilliant Blue (CBB) staining of proteins was
started by addition of 5 mL staining solution (2% CBB G250, Roth) to 500 mL of
equilibration solution. Staining was carried out for 48 h and thereafter washed
once with 500 mL water for 10 min. Gels were scanned with the Perfection 4990
Photo™ densitometer (Epson). Detection of spots, quantification and comparison
of 2-D protein profiles was done with the PDQuest 8.0 software (BioRad). After
removal of background and vertical streaks from each gel image, spots were
digitized by Gaussian fit. To quantify protein spots, a matchset of all gels was
made and the absorbance of individual protein spots from 2-D gels was measured.

The raw quantity of each spot in a member gel was divided by the total intensity
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value of all the pixels in the gel image, that is total density. This normalization
procedure of the software assumed that the total density of an image, consisting
of background and spot density will be relatively consistent from gel to gel [27].
The expression of serum proteins was analyzed by the Student’s t-test. A
probability of p<0.05 was considered statistically significant (Tab. 2a and Tab. 2b).
Graphical evaluation was performed with the SigmaPlot software (SPSS) (Fig. 3b).
Spots were excised and transferred to 96-well microtiter plates (ABgene) by the
EXQuest™ spot cutter (BioRad).

2.5 Mass spectrometry

2.5.1 In-gel digestion

Each of the CBB-stained gel plugs was washed twice with 15 pL ammonium
hydrogencarbonate solution (100 mmol/L) and then dehydrated twice with 15 pL
acetonitrile. Proteins were digested with a total of 160 ug trypsin (13 ng/pL,
sequencing grade, Promega) per gel plug at 37°C for 4 h. Resulting peptides were
extracted with 8 pL n-Octyl-B-D-glucopyranoside (5 mmol/L, Applichem)/ 1%
trifluoroacetic acid in an ultrasonic bath (Sonorex, Super RK 514 BH, Bandelin) for

5 min.

2.5.2 MALDI-TOF/TOF

The HCCA matrix was prepared with the thin layer method. 1 pL of the peptide
extracts were manually spotted onto a 600 um/384 well AnchorChip™ sample
target (Bruker Daltonics) and dried at ambient temperature. Recristallization was
performed with 1 pL of 60% ethanol/ 30% acetone/ 10% of 1% trifluoroacetic
acid thereafter. MALDI mass spectra were recorded using an Ultraflex Il TOF/TOF
mass spectrometer (Bruker Daltonics) equipped with a 384-sample scout source. A
peptide calibration standard (Bruker Daltonics) was used for external calibration.
MS and MS/MS data were recorded automatically on the MALDI-TOF/TOF

instrument using the three most abundant peptide signals of the corresponding
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peptide mass fingerprint (PMF) spectrum. Mass spectra were acquired in an
automatic mode using the AutoXecute module of FlexControl 2.4 software (Bruker
Daltonics). Spectra were analyzed using the FlexAnalysis 2.4 software (Bruker
Daltonics). The Swiss-Prot database employing the Mascot 2.0 program (Matrix
Science, in-house server) was used for the search of peptide masses to identify
proteins [28]. Database searches were performed taking into account
carbamidomethyl modification of cysteines and possible oxidation of methionine.
One missed cleavage was allowed. A mass accuracy of <= 100 ppm was requested
for PMF. For MS/MS searches, a mass accuracy of < 70 ppm was allowed for
peptide masses and their fragments, respectively. For further consideration, only
those proteins were assumed to be identified that were annotated from
corresponding spots in at least five gels. Identified proteins were sent to the
Proteinscape ™ database (Protagen) [29] and checked individually for further

consideration.

2.6 Western Blot

Some disease regulated proteins were also confirmed by Western immunoblotting.
Protein samples (50 ug) used in 2-DE were run on 12% SDS-PAGE, blotted onto
PVDF membranes and subsequently blocked with TBS/10% Rotiblock™ (Roth) for
1 hour at room temperature. Primary antibodies (Santa Cruz) were diluted in
blocking buffer (TBS/1% Rotiblock), added as follows: APOA1, 1:200; APOE,
1:200; RETBP, 1:200; SAMP, 1:200. B-Tubulin (1:200) was used as loading control.
Anti-rabbit (APOA1, RETBP, SAMP), anti-goat (APOE) and anti-mouse (3-Tubulin)
HRP-conjugated IgGs were used as secondary antibodies. Rat liver total extract was
used as positive control. Membranes were washed with TBS/0.1% Tween and
detected with enhanced chemiluminescence (Perkin Elmer) for 60 min with a
CF440 imager (Kodak). Fig. 4 depicts a part of the image with protein bands of

interest cropped and marked by molecular weights.
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3 Results and Discussion

3.1 Separation of serum proteins by 2-DE

We used a thiourea-containing lysis buffer to extract proteins from serum. Proteins
were separated within pH ranges of 3-10 and 4-7, respectively. Proteins were
visualized with the colloidal CBB (CCB) stain. Approximately 400 (pH 3-10) and
200 (pH 4-7) spots per gel were detected. Fig. 2a and Fig. 2b depict examples of
serum proteome maps (pH 3-10 and 4-7) of c-myc tumor bearing mice at late

stages of carcinogenesis (14 months).

Notably, serum proteome profiling is challenging, because of interference by high-
abundant proteins such as albumin, antitrypsin, immunoglobulins and transferrin.
In particular, pre-fractionation techniques such depletion of serum albumin are
useful procedures in proteome profiling studies, but they may introduce bias as
well. For instance, pre-fractionation increases the risk of depletion of low-
abundant proteins as it has been shown for paraneoplastic antigen MA |,
coagulation factor VII precursor, prostate-specific antigen, as a result of multiple
protein-protein interactions with 1gG, transferrins, and/or gelsolin. To account for

the possibilities we did not deplete high-abundant proteins.

3.2 Protein identification

One hundred and eight 2-D gels were stained with the CCB method and studied
by image analysis. After excision of >12.500 protein spots tryptic digests were
analyzed by MALDI-MS and -MS/MS. Identification was based on Swiss-Prot
database entries with the Mascot search engine. In tumor bearing and healthy
non-transgenic mice, 46 common serum proteins [30, 31] were identified (Tab. 1).
In Supplementary Table 1 we list the Mascot score, sequence coverage and the

most informative peptide sequences identified by MS and -MS/MS, respectively.
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3.3 Regulation of serum proteins in lung cancer

Tab. 2a and 2b provide expression profiles of statistically significantly regulated
proteins (p<0.05) in lung tumor serum proteomes. N=13 proteins were regulated
at late stages of cancer (14 months), of which n=9 were regulated at early stages
of tumorigenesis (3 months) as well. Fig. 3a depicts prominent examples of disease
regulated proteins in tumor bearing mice, while Fig. 3b compares the fold-changes
between early and late stages of tumorigenesis. Expression of selected proteins
was also confirmed by Western blotting (Fig. 4). Differentially expressed proteins
will be discussed later for their proven or infered association with human disease.
Notably, their regulation by c-myc was determined by comparison of database
entries from http://www.myccancergene.org [32] and by searching for the DNA
consensus sequence for the E-Box motif 5'-CACGTG-3" in the promoter regions of
the coding gene. Overall, six regulated proteins emerged as direct c-myc targets
(Tab. 3). These include ATAGS8 (spot no. 1), alpha-1-antitrypsin 1-1 (ATAT1, spot
no. 2), alpha-1-antitrypsin 1-6 (A1AT6, spot no. 3), alpha-2-macroglobulin (A2M,
spot no. 4), apolipoprotein E (APOE, spot no. 12) and glutathione peroxidase 3
(GPX3, spot no. 21). Furthermore, we compared our results with our recently
published study on the serum proteome of c-raf transgenic mice which developed
lung tumors as well [23]. In the following sections the biological relevance of the

regulated proteins is described.

3.3.1 Regulation of acute phase proteins in lung cancer

In general, concentrations of various positive and negative regulators of acute
phase proteins (APP) increase or decrease in response to inflammation [33]. As
observed in serum of healthy and tumor bearing mice, seven acute phase proteins
were regulated. We found the positive acute phase regulators, i.e. ATAG8 (spot
no. 1), ATAT1 (spot no. 2) and ATAT6 (spot no. 3), A2M (spot no. 4-B) and serum
amyloid P component (SAMP, spot no. 41) to be increased or exclusively expressed
in tumor bearing mice. In contrast, the negative acute phase proteins (n-APP)
plasma retinol-binding protein (RETBP, spot no. 40) and transthyretin (TTHY, spot
no. 44) were upregulated (see Figures 3a, 3b and Tables 2a, 2b).
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Specifically, A2M (spot no. 4, 4-B, 4-C, 4-D) is mainly produced in the liver, but in
the lung as well. With a molecular weight of 165 kDa, A2M represents a large
plasma protein that consists of four identical subunits that are linked together by
disulfide bonds. A2M acts as a proteinase inhibitor and targets serine-, cysteine-,
aspartic- and metalloproteinases. The A2M structure includes a “decoy” region
where such proteinases are bound and cleaved. Macrophage receptors recognize
and eliminate the A2M-proteinase complex. For instance, it is known that A2M is
regulated in patients diagnosed with a nephrotic syndrome as well as Alzheimer’s
disease. A determination of serum A2M levels may thus be extended to the early
detection and therapeutic monitoring in lung cancer [23] and in bone metastases
of prostate cancer as reported elsewhere [34]. In a previous study the
responsiveness of A2M to c-myc regulation was shown by Misra and coworkers
[35]. We observed a significant (p<0.05), > 6-fold (pH 4-7) and 1.5-fold (pH 3-10)
increase of A2M levels in serum of tumor bearing mice, aged 14 months and a

2.7-fold change in tumor bearing mice, aged 3 months (spot no. 4-B).

Furthermore, SAMP (spot no. 41), a member of the pentraxins that is produced in
the liver, was marginally increased (p>0.05) at early stages, but exclusively
expressed at late stages of tumorigenesis in our transgenic disease model. SAMP
has a sequence homology of 51% with CRP (spot no. 18), a well known plasma
APP. Although the physiological role of SAMP is not always clear, it may play a role
in amyloidosis [36]. Recently, Korbelik and co-workers reported significant increase
of SAMP levels in patients with liver tumors [37]. We observed exclusive expression

of SAMP at later stages of tumorigenesis as confirmed by Western blotting (Fig. 4).

We also observed regulation of TTHY, also named prealbumin (spot no. 44). This
protein is a carrier for thyroid hormones from bloodstream to tissues. TTHY
interacts with RETBP (spot no. 40), thus enabling retinol transportation. Lower
levels of TTHY coincide with lower levels of retinol and RETBP, as reported for
ovarian cancer [38, 39]. Notably, a truncated form of TTHY was found to be
repressed in women with ovarian cancer [40]; this protein may therefore serve as a
serum biomarker of disease [41]. A decrease in TTHY serum levels is also seen in

negative acute phase regulation during inflammation; correspondingly its
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increased expression might be utilized as a biomarker for cancer. The TTHY
monomer may also serve as a marker to cerebrospinal fluid barrier disruption, as
shown in cerebral metastasis and lung cancer [42], even though it is differentially
expressed in tumors [43]. In a recent proteomic study induction of TTHY in human
lung adenocarcinoma patients was reported. We also observed upregulation of
TTHY by >1.4-fold in serum of lung tumor bearing mice, alongside an
overexpression of RETBP at early and late stages of tumorigenesis by 2.5-fold (pH
4-7) and 5-fold (pH 3-10), respectively.

3.3.2 Regulation of apolipoproteins in lung cancer

We found several apolipoproteins to be regulated in tumor bearing mice. These
proteins function primarily as lipid-binding proteins [44] to transport lipids from
the intestine to the liver and from the liver to tissues, including adipocytes, lung,
heart, muscle and breast tissues. As apolipoproteins are detergent-like, they
solubilize the hydrophobic parts of lipoproteins. Additionally, they are widely
known as receptor ligands, enzyme co-factors and lipid carriers that are involved in
regulation of the intravascular metabolism of prior to their ultimate tissue uptake.
The synthesis of apolipoproteins is controlled by hormones such as insulin or
glucagon and environmental factors including alcohol and intake of drugs, such as
fibric acids, statins or niacins. It is of considerable importance that regulation of
subclasses of apolipoproteins are reported for a number of malignancies [45-47].
Here we evidence differential expression of apolipoproteins A, C, E and H at
different stages of tumor development in c-myc transgenic mice. Their disease

association is discussed below.

Specifically, apolipoprotein A-l (APOA1, spot no. 9) belongs to the ApoA1/A4/E
protein family and is primarily produced in the liver and the intestine. APOA1 can
be found in the extracellular space and, being a structural component of high
density lipid proteins (HDL), takes part in cholesterol absorption. APOAT
upregulation is associated with breast and lung cancer as suggested elsewhere
[48, 49]. Here we report APOAT expression to be significantly increased by 1.8-
fold in tumor bearing mice, aged 3 months and by 1.4-fold (pH 4-7) and 2.8-fold
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(pH 3-10) in tumor bearing mice, aged 14 months.

Spot no. 11 was identified as apolipoprotein C3 (APOC3) which is produced in
the liver. This protein inhibits the lipoprotein and hepatic lipase and represses the
uptake of lymph chylomicrons by hepatic cells. Thus, APOC3 may repress the
catabolism of triglyceride-rich particles. Upregulation of APOC3 was demonstrated
in a chronic renal failure model [50] and in diabetes [51], but regulation of APOC3
in lung cancer was not reported so far. Serum levels of APOC3 were increased
already at early stages of cancerogenesis by 2.3-fold and still increased by 2.7-fold

(pH 4-7) and 1.7-fold (pH 3-10) in lung tumor bearing mice, aged 14 months.

APOE (spot no. 12) is a mediator for binding, internalizing and metabolism of
lipoprotein particles. It serves as a ligand for the low density lipoprotein (LDL)
receptor and for the APOE receptor (chylomicron remnant) of hepatic tissues.
APOE expression was marginally induced (p<0.05) in serum of tumor bearing mice,
aged 3 months, but reduced in tumor bearing mice, aged 14 months, by 1.6-fold
(pH 4-7) and 1.2-fold (pH 3-10), respectively. Regulation of APOE was reported for
human hepatocellular [52], colorectal [53] and pancreatic carcinoma [54]. Its
regulation in lung cancer is novel and was not reported so far. Notably, APOE is
reported to modulate clearance of apoptotic bodies in vitro and in vivo [55] and
therefore may play a role in various pathologies. /n silico, we identified an E-Box
motif in the promoter region of the APOE gene therefore suggesting APOE to be a

direct target of c-myc.

Additionally, apolipoprotein H, also named as beta-2 glycoprotein-1 (APOH, spot
no. 13) binds to various kinds of negatively charged substances such as heparin,
phospholipids and dextran sulfate. Through binding to phospholipids on the
surface of damaged cells, APOH may inhibit activation of the intrinsic blood
coagulation cascade. APOH is synthesized in the liver and secreted into plasma. As
reported by others, APOH induction may be involved in blocking angiogenic
processes in bladder cancer [56]. APOH expression was induced in sera of lung
tumor bearing mice by 1.4-fold (pH 4-7) and 1.7-fold (pH 3-10) at late stages of
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lung cancer while its expression was unchanged at early stages.

3.3.3 Oxidative defense and complement activation in lung cancer

GPX3 (spot no. 21) functions in response to oxidative damage by catalyzing the
reduction of hydrogen peroxide, lipid peroxides and organic hydroperoxide.
Induction of GPX3 expression was observed in ovarian cancer [57] and diabetes
[58]. We observed an initial upregulation of GPX3 in serum of lung tumor bearing
mice, aged 3 months, by 1.7-fold, followed by an increase in transgenic mice,
aged 14 months, by > 10-fold. Note, the E-Box motif “CACGTG"” in the promoter

region of the GPX3 gene makes this gene a likely target for c-myc.

Furthermore, properdin (PROP, spot no. 39), also known as factor P, is a serum
glycoprotein and positive regulator of the alternate pathway for complement
activation. It binds to and stabilizes the C3- and C5-convertase enzyme complexes.
Complement C3 (CO3, spot no. 17) was not regulated in tumor bearing mice
whereas PROP expression was increased by 1.5-fold at late stages of tumorigenesis
only. PROP plays a role in some specific immune responses and in tissue
inflammation. It is known that PROP is involved in engulfing of pathogenes by
phagocytes thereby helping to neutralize some viruses, such as the influenza virus
[59, 60].

3.4 Disease associated regulation of serum proteins in c-myc and c-raf

transgenic mouse models of lung cancer

We recently reported the serum proteome mapping of c-raf transgenic mice which
developed lung cancer through targeted overexpression of the serine/threonine
kinase to alveolar epithelium [23]. Because of distinct differences in the lung tumor
pathologies, i.e. AAH versus BAC and PLAC we wished to compare regulation of
serum proteins in c-myc and c-raf transgenic mice. Strikingly, our data are highly
suggestive for candidate serum biomarkers that enable differentiation between

AAH and BAC as observed in these two different transgenic disease models.
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Table 3 gives an overview of our findings. Notably, A1TAT6, A2M, TTHY and PROP
were commonly regulated in c-myc and c-raf transgenic mice and thus may serve
as general serum biomarkers of disease. In c-myc transgenic mice apolipoproteins,
RETBP or SAMP were exclusively associated with BAC. Likewise, the regulation of
major urinary proteins (MUP), vitamin D-binding protein (VTDB, spot no. 45) or a
soluble form of the epidermal growth factor receptor (EGFR) was uniquely

associated with AAH in c-raf transgenic mice.
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4 Conclusions

Based on our previous work on the SP-C/c-myc transgenic mouse model [16] we
now report disease regulated serum proteins at early and advanced stages of lung
cancer. Some of the identified proteins are acute phase reactants (APP) and were
either differentially regulated or exclusively expressed in lung cancer bearing mice,
as shown for ATAGS8, ATAT1, AT1AT6, A2M, SAMP, RETBP and TTHY. For some of
the identified proteins A2M and APOAT regulation in lung cancer has been
reported [49], while disease regulation of APOE is novel and may play a much
broader role in cancer [55]. Additionally, we observed disease associated
regulation of APOH which has been linked to angiogenesis as well [56]. We also
report GPX3, PROP and TTHY to be upregulated in tumor bearing mice, some of
which are direct c-myc targets such as GPX3. This antioxidant was shown to be
regulated in ovarian cancer as well [57] while an identification of PROP may be in
response to tumor associated inflammation. Finally, increased TTHY serum levels
observed in tumor bearing mice was also reported for human lung cancer patients
[42]. While a number of differentially expressed proteins display the E-Box binding
sites in the promoters of the coding gene, i.e. ATAG8, A2M, APOE and GPX3,
their regulation as a consequence of altered c-myc activity remains elusive.
Notably, decreased expression of GPX was shown in another c-myc transgenic
mouse model [61], but further investigations are needed to determine the c-myc
regulation of the herein described regulated proteins. Some of the disease
regulated proteins are not direct targets of the c-myc transcription factor, i.e.
several apolipoproteins, such as PROP, RETBP, SAMP and TTHY. Based on two
different models of lung cancer we propose serum candidate biomarkers to
differentiate between atypical adenomatous hyperplasia (AAH) and bronchiolo-

alveolar (BAC)/papillary adenocarcinomas (PLAC) at early stages of disease.
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Figure captions

Figure 1a:

Gene construct of the SP-C/c-myc transgenic mouse model as reported by
Ehrhardt et al. [16].

Figure 1b:

Histology of a lung of a healthy (A1) and a tumor bearing (B1) SP-C/c-myc
transgenic mouse, aged 14 months. Hematoxylin and eosin staining was used for
histopathology of tumors. A2 and B2: macroscopical views of lungs of healthy and
tumor bearing mice, respectively.

Figure 2a:

2-DE serum proteome map of lung tumor bearing SP-C/c-myc transgenic mice (14

months) with a pH range from 3-10.

Figure 2b:

2-DE serum proteome map of lung tumor bearing SP-C/c-myc transgenic mice (14

months) with a pH range from 4-7.
Figure 3a:
Examples of regulated serum proteins at different stages of tumorigenesis (3

months and 14 months) in SP-C/c-myc transgenic (T) and healthy (C) mice. Protein

spots of interest are marked by circles.
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Figure 3b:

Comparison of fold-changes of disease regulated proteins between two stages of

lung tumorigenesis, i.e. 3 and 14 months (p<0.05).

Figure 4:

Western Blot analysis of some disease regulated proteins. Notably, serum amyloid
P component (SAMP, spot no. 41) was exclusively expressed in SP-C/c-myc lung
tumor bearing mice at late stages of tumorigenesis (14 months). B-Tubulin

expression was used as the loading control.

Table captions

Table 1:

Protein identification in 2-DE maps of mouse serum proteins including healthy and
lung tumor bearing mice, identified by MALDI MS/MS. A total of 46 proteins were
identified. P/and M, are based on the theoretical values of the precursor. Sequence
coverage and no. of matched peptides: The value from one typical spot was given
if many spots were assigned as one number (protein). Protein identification was

based on PMF and PFF. See Supplementary Table 1 for detailed information.

Table 2a and 2b:

Expression profiles of significantly regulated proteins (p<0.05) from 2-D gels of
tumor bearing mice, aged 3 months (pH 3-10) and tumor bearing mice, aged 14
months (pH 4-7 and pH 3-10). Quantification of protein abundance was done
using the PDQuest 2-D software (BioRad) by measurement of the normalized
optical density (arbitrary units, AU) of each protein spot. The change in abundance

of the proteins is expressed by the calculated ratio (T/C) between mean values
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from tumor (T) and healthy (C) samples. %RSD: percental relative standard
deviation. Spot no. 41 (SAMP) is exclusively expressed in tumor bearing mice.

Student'’s t-test was used for calculation of p-values.

Table 3:

Commonly and specifically regulated proteins in adenomatous hyperplasia (AAH)
and bronchiolo-alveolar adenocarcinomas (BAC). Recently, AAH was studied in SP-
C/c-raf transgenic mice [23], whereas BAC is the subject of our present work on
SP-C/c-myc transgenic mice. 1M: tumor bearing mice, aged 1 month; 12M: 12
months; 3M: 3 months; 14M: 14 months; C: exclusively expressed in control mice;
T: exclusively expressed in tumor bearing mice; -: protein not detected; «: no
regulation/no fold-change; 1: < 1.5 fold-change; 11: < 3.0 fold-change; 111: > 3.0
fold-change; |: 2 0.7 fold-change; ||: 2 0.3 fold-change ; ||]: < 0.3 fold-change.
APP: acute phase protein; E-Box: containing 5'-CACGTG-3" consensus sequence in

promoter region.

Supplementary Table 1:

A summary of serum proteins from SP-C/c-myc transgenic mice. The Mascot score
(PMF), ions score (PFF), the number of identified peptides, their sequence, the
protein coverage of the best hits and supporting information are shown for each
identified protein. O@M: oxidation at the amino acid methionine.
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Table 1

No. UniProt UniProt Protein name pl M, Sequence No. of Identification
entry name accession (kDa) coverage matched
no. peptides

1 A1AG8_MUSCR P21352  Orosomucoid-8 56 239 7% 1 PFF
2 A1AT1_MOUSE P07758  Alpha-1-antitrypsin 1-1 5.4 46.0 26% 10 PMF
3-A, 3-B A1AT6_MOUSE P81105  Alpha-1-antitrypsin 1-6 53 4538 34% 11 PMF
9% 3 PFF
4, 4-B, 4-C, 4-D A2MG_MOUSE Q61838  Alpha-2-macroglobulin 6.2 165.9 1% 1 PFF
5 ACTG_MOUSE  P63260 Gamma-actin 53 418 31% 9 PMF
6 AFAM_MOUSE 089020 Afamin 55 694 22% 14 PMF
7 ALBU_MOUSE  P07724  Serum Albumin 5.8 687 24% 11 PMF
2% 1 PFF
8 ANT3_MOUSE  P32261  Antithrombin-IIl 6.1 520 33% 13 PMF
9 APOA1_MOUSE Q00623  Apolipoprotein A-I 5.6 306 40% 15 PMF
4% 1 PFF
10 APOA4_MOUSE P06728  Apolipoprotein A-IV 54 450 64% 21 PMF
11 APOC3_MOUSE P33622  Apolipoprotein C-lli 46 11.0 19% 1 PFF
12 APOE_MOUSE  P08226  Apolipoprotein E 56 359 44% 20 PMF
4% 1 PFF
13, 13-B APOH_MOUSE Q01339  Apolipoprotein H 86 386 49% 15 PMF
14 CFAB_MOUSE  P04186 Complement factor B 7.2 850 18% 12 PMF
15 CFAH_MOUSE  P06909  Complement factor H 6.6 139.1 13% 16 PFF
16 CLUS_MOUSE Q06890  Clusterin (Apolipoprotein J) 55 517 12% 4 PMF
17 CO3_MOUSE P01027 Complement C3 6.4 186.5 8% 10 PMF
18 CRP_MOUSE P14847  C-reactive protein 58 254 15% 4 PMF
19 FETUA_MOUSE P29699  Fetuin-A 6.0 373 28% 7 PMF
20 GELS_MOUSE  P13020  Gelsolin 58 859 31% 19 PMF
21 GPX3_MOUSE P46412  Glutathione peroxidase 3 83 253 7% 1 PFF
22 HA10_MOUSE P01898  H-2 class | histocompatibility antigen, Q10 alpha chain 51 373 31% 10 PMF
23 HBA_MOUSE ~ P01942  Hemoglobin subunit alpha 8.0 151 37% 5 PMF
24 HEMO_MOUSE Q91X72 Hemopexin 79 513 35% 14 PMF
5% 1 PFF
25 1GJ_MOUSE P01592  Immunglobulin J chain 4.8 18.0 28% 6 PMF
26 K2C8_MOUSE P11679  Cytokeratin-8 5.7 546 35% 17 PMF
27 KAC_MOUSE  P01837  Immunglobulin kappa chain C region 52 118 32% 4 PMF
28 KNG1_MOUSE 008677 Kininogen-1 6.1 731 17% 10 PMF
3% 1 PFF
29 KV3B_MOUSE  P01655  Immunglobulin kappa chain V-Ill region PC 7132 52 121 16% 1 PFF
30 KV5L_MOUSE ~ P01645  Immunglobulin kappa chain V-V region HP 93G7 8.0 120 50% 5 PMF
7% 1 PFF
31 KV6K_MOUSE  P04945  Immunglobulin kappa chain V-VI region NQ2-6.1 9.0 117 14% 1 PFF
32 MBL2_MOUSE  P41317  Mannose-binding protein C 50 260 24% 5 PMF
5% 1 PFF
33 MUC_MOUSE  P01872  Immunglobulin mu chain C region secreted form 6.6 50.0 2% 1 PFF
34 MUP2_MOUSE P11589  Major urinary protein 2 5.0 207 50% 10 PMF
35 MUP8_MOUSE P04938  Major urinary proteins 11 and 8 49 17.6 72% 10 PMF
36 MYH9_MOUSE Q8VDD5 Myosin-9 55 226.4 5% 8 PMF
37 PLF4_MOUSE Q97126  Platelet factor 4 9.4 112 44% 7 PMF
38 PLMN_MOUSE P20918  Plasminogen 6.2 90.8 25% 21 PMF
39 PROP_MOUSE  P11680  Properdin 83 503 21% 8 PMF
40 RETBP_MOUSE Q00724  Plasma retinol-binding protein 57 232 24% 5 PMF
8% 1 PFF
41 SAMP_MOUSE  P12246  Serum amyloid P-component 6.0 26.2 8% 1 PFF
42 SPA3K_MOUSE P07759 Contrapsin 51 469 32% 14 PMF
43 TRFE_MOUSE Q92111 Serotransferrin 69 76.7 51% 36 PMF
44 TTHY_MOUSE ~ P07309  Transthyretin 58 158 55% 5 PMF
15% 1 PFF
45 VIDB_MOUSE  P21614  Vitamin D-binding protein 54 536 30% 9 PMF
4% 1 PFF
46 ZA2G_MOUSE Q64726  Zinc-alpha-2-glycoprotein 58 353 32% 9 PMF

3%

PFF
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Table 2a
. Tumor (3 months) Control (3 months) Ratio
No. pH  Protein ID p
T T2 T3 T4 T5 T6 mean %RSD 1 €2 @ 4 C5 (6 mean %RSD (/C)
1 pH3-10 ATAG8_MUSCR 3856 4255 4040 4232 3453 4196 4005 7.72 2221 1994 1914 2772 2273 1948 2187 1473 1.8 1.63x10%
4-B pH3-10 A2MG_MOUSE 2064 2195 2205 2278 2128 2146 2169 3.4 794 627 837 990 784 846 813 1443 2.7 3.62x10"
9 pH3-10 APOAT_MOUSE 8228 7526 7911 7777 8011 7826 7880 2.9 4729 4474 4085 4775 4105 4264 4405 6.88 1.8 7.80x 107
11 pH3-10 APOC3_MOUSE 1765 1697 1841 1763 1780 795 1606 24.93 815 898 809 758 845 97 704 42.76 2.3 0,00130
12 pH3-10 APOE_MOUSE 2144 2075 2021 2264 1886 2221 2102 6.6 1714 1782 1730 1916 1765 1827 1789 412 1.2 0,00064
21 pH3-10 GPX3_MOUSE 439 421 403 474 435 418 432 567 242 253 247 269 255 251 253 361 1.7 1.19x10%
40 pH3-10 RETBP_MOUSE 993 995 997 1107 1067 967 1021 527 407 417 426 408 494 418 428 7.65 2.4 533x107"
41 pH3-10 SAMP_MOUSE 178 103 12 4 4 3 50 14576 9 18 9 14 5 3 10 5744 52 020532
44 pH3-10 TTHY_MOUSE 3568 3654 3629 3693 3690 3542 3629 1.73 2352 2533 2400 2329 2343 2305 2377 3.47 1.5 459x10"
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Table 2b
Tumor (14 montks) Control (14 montts) Ratio
No. pH Protein ID c) p
T T2 T3 T4 5 6 mean  %RSD c1 c2 Cc3 c4 c5 Cc6 mean  %RSD

1 pH4-7 ATAG8_MUSCR 1139 1003 1123 998 1217 867 1058 11.88 425 398 401 414 502 387 421 9.91 25 3.50 x 107
1 pH 3-10 ATAG8_MUSCR 834 745 769 895 744 867 809 8.07 780 637 545 715 679 552 651 14.20 1.2 6.64 x 10
2 pH4-7 ATAT1_MOUSE 474 456 494 485 541 391 473 10.39 400 384 482 314 391 327 383 15.65 1.2 1.73 x10%2
2 pH 3-10 ATAT1_MOUSE 518 616 549 863 636 663 641 18.99 498 344 475 555 475 562 485 16.26 13 2.49 x10%
3-A pH4-7 ATAT6_MOUSE 781 848 891 899 884 916 870 561 630 686 752 618 812 711 702 10.51 1.2 8.90 x 10
3-B pH4-7 A1AT6_MOUSE 450 546 502 446 680 486 518 16.82 349 354 306 359 410 484 377 16.46 1.4 8.85x 107

3-A/B pH 3-10 ATAT6_MOUSE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-B pH4-7 A2MG_MOUSE 5588 5789 4708 5609 5332 6008 5506 8.19 867 935 766 790 846 910 852 7.74 6.5 2.39x10"
4-B pH 3-10 A2MG_MOUSE 6773 6059 6128 6592 5845 6307 6284 5.52 4176 4044 4087 4153 4900 3793 4192 8.89 15 1.51 x 10t
9 pH4-7 APOAT_MOUSE 5423 5219 4868 5172 4972 5267 5154 3.93 3490 4036 3362 3379 4004 3313 3597 9.25 1.4 1.93 x 10%°
9 pH 3-10 APOAT_MOUSE 5952 4324 6205 5549 5869 7721 5937  18.47 1603 1725 2017 2471 2260 2495 2095 18.04 2.8 1.04 x 10
" pH4-7 APOC3_MOUSE 3433 3693 3472 3132 3217 3552 3417 6.02 1313 1342 1236 1511 1189 1096 1281 1.7 2.7 1.57 x 10
" pH 3-10 APOC3_MOUSE 3682 3357 3318 3716 3217 3885 3529 7.57 2372 1630 1749 2522 2131 2018 2070 16.71 1.7 9.73 x 10
12 pH4-7 APOE_MOUSE 2502 2139 2619 2204 2553 2267 2381 8.48 2478 2312 2823 2908 3116 2935 2762 11.02 09 2.85x10%
12 pH 3-10 APOE_MOUSE 1857 1727 1294 1657 1553 1834 1654  12.65 2993 2207 2688 2876 2598 2978 2723 10.95 0.6 2.95 x 10
13 pH4-7 APOH_MOUSE 2377 2773 2292 2783 2365 2131 2454 10.85 1525 1330 1774 2073 2020 1947 1778 16.66 1.4 1.97 x 10%
13 pH 3-10 APOH_MOUSE 1148 1281 1269 1724 1247 1410 1347 15.08 845 752 809 898 749 683 790 9.75 1.7 9.11 x 10
21 pH4-7 GPX3_MOUSE 520 339 547 506 358 541 469 20.13 165 124 179 232 229 147 179 24.35 26 4.66 x 10
21 pH 3-10 GPX3_MOUSE 189 223 240 233 213 290 231 14.62 19 20 15 20 25 30 22 2439 10.8 3.45x10%®

39 pH4-7 PROP_MOUSE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
39 pH 3-10 PROP_MOUSE 284 311 304 248 240 240 271 12.02 228 156 182 139 217 187 185 18.42 15 1.16 x 10
40 pH4-7 RETBP_MOUSE 1244 1185 1534 1450 1225 1442 1347  10.83 429 466 555 716 521 546 539 18.44 25 5.52 x 107
40 pH 3-10 RETBP_MOUSE 407 320 537 402 367 427 410 17.74 66 106 87 63 94 74 82 20.67 5.0 8.00 x 1077
41 pH4-7 SAMP_MOUSE 638 1271 1350 724 523 1496 1000  41.86 0 0 0 0 0 0 0 0 T 1.67 x 10
41 pH 3-10 SAMP_MOUSE 411 967 750 901 501 800 722 30.64 0 0 0 0 0 0 0 0 T 1.19 x10%
44 pH4-7 TTHY_MOUSE 9952 9049 9204 8992 9869 10721 9631 7.01 8045 7835 6190 9258 5998 5384 7118 2091 1.4 3.68 x 10
44 pH 3-10 TTHY_MOUSE 9569 10047 8934 8170 8330 9154 9034 7.95 6148 6432 6932 6738 6676 6095 6504 5.18 1.4 1.44 x10%
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Table 3
Protein ID Protein name AAH BAC APP E-Box
™ 12M 3M  14M

common A1AT6_MOUSE Alpha-1-antitrypsin 1-6 M - 1 yes yes
A2MG_MOUSE Alpha-2-macroglobulin (A2M) l " Mmm yes yes
TTHY_MOUSE Transthyretin 1 1 1 1 yes no
PROP_MOUSE Properdin - @ - 1 no no

specific ATAG8_MUSCR Orosomucoid-8 o o MmTm" yes yes
ATAT1_MOUSE Alpha-1-antitrypsin 1-1 - - - 1 yes yes
APOA1_MOUSE Apolipoprotein A-l o o MM no no
APOC3_MOUSE Apolipoprotein C-IIl o o MM no no
APOE_MOUSE Apolipoprotein E o o 1 1 no yes
APOH_MOUSE Apolipoprotein H o o - 11 no no
GPX3_MOUSE Glutathione peroxidase 3 o o Mmm no yes
RETBP_MOUSE Plasma retinol-binding protein o o Mmm yes no
SAMP_MOUSE Serum amyloid P-component - - M T yes no
MUP8_MOUSE Major urinary proteins (MUP) Mmoo o o no no
VTDB_MOUSE Vitamin D-binding protein l " o o no no
S6A11_MOUSE Sodium- and chloride- - "M - - no no

dependent GABA transporter 4

EGFR_MOUSE Epidermal growth factor - @ - - no no

receptor (EGFR)
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Supplementary Table 1:

A summary of serum proteins from SP-C/c-myc transgenic mice

SwissprotiD

Swissprot
Accession no.

Protein aliases

Mascot score (PMIF)
No. of matched peptides
Percentual coverage

Peptide sequences from PMF

fons score (PFF)
No. of matched peptides
Percentual coverage

Peptide sequences from PFF-

Gene

Subcellular
location

1| atacs_muscr

Alpha-1-acid gycopratein 8 [Precursor]

Orosomucoid-3
omp 8

7
1

YEGGVETFAHUVLR

Secreted

2 | a1aTi_Mouse

Pa7758

Alpha-1-antitrypsin 1-1 [Precursor]

Serine protease infibitor 1-1

Alpha-1 protease inhibitor 1
antiprote inase

Alpha-
AaT

LaQIHFPR
TLMSPLGTR

TLMSPLGITR + O@M
RLAQHFPR

ELISKFLLIR
LDQDTVFALANYILFK
KLDODTVFALANYILFK
IFHINGADLS GITEENAPLK
DQSPASHEIATHILGDFAISLYR
KPFDPENTEEAE FHVDESTTVK

Serpinala
Dom1
Spit-1

Secreted

3 | A1aTe_MoUSE

PaI15

Alpha-1-antitrypsin 1-6 [Precursor]
Serine protease inhibitor 1-6
Alpha-1 protease inhibitor &

12

34

LaQIHFPR
TLMSPLGTR

TLMSPLGITR + 0@
RLAQHFPR

MQHLEQTLSK

ELISKFLLIR

IFHINGADLS GITEENAPLK.
HHYQAEVFSVIIFAESEEAK.
DQSPASHEIATIILGDFAISLYR
KPFDPENTEEAE FHVDESTTVK
FDHPFLFIFEEHTQSPLFVGK

1, 42,33
3

H

LaQIHFPR
ELISKFLLIR
DQSPASHEIATHILGDFAISLYR

Spit-6
Doms

Secreted

4 | A2mG_mouse

01838

Alpha-2-macroglobulin [Precursor]
Alpha-2-
Pregnancy zone protein

APFALQUIITLPLIIFDK

Azm
Pzp

Secreted

5 |acTamoust

PEI71)

Actin, eytoplasmic 2 Gamma-actin

B

IAPPERK
AGFAGDDAPR

AVFPSIVGRPR
IWHHTFYNELR

DLYANTVLSGGTTMYPGIADR + 0BM

Actgl
Actg

Cytoplasma

5 | AFAM_MOUSE

089323

Afamin [Precursor]
Alpha-albumin
Ipha-Alb

11

22

FLYILVK

VLISINVAVFSK
FTESENVCQER
VYMDFLEDCCSR + 0@
AAPQLPMEELVSLSK + 0@

EACINANIKDDRPEGLSLR

Secreted

7 | aLBu_mouse

Pa7724

Serum albumin [Precursor]

124
n

2

ccTiPEDGR
HPDYSVSLLLR
APQUSTPTLVEAAR

AADKDT CFSTEGPIILVT
CCAEANPPA CYGTVLAEFQPLVEEFK.

LGEVGFONALVR

Alb
alb1
Alb-1

Secreted

5 |anTamouse

P32261

Antithrombineil[Precursor]
AT

125
3

33

RVWELSK.
SUIPHRVTFK

ATRPFLVLR

TSDOMFFFAK

DIPVIPLCIVR

EVALITIFMGR
EVALNTIFMGR + 0@
5SDLVSANRLFGDK
LOPLDFKENPEQSR
DIPVIPLCIVRSPGK
ATEEDGSEQKVPEATIIR
AFLEVIEE GSEAAASTSVVITGR
5QLPGIVAGGRD DLYVSDAFHK

Serpine
A3

Secreted
extracelluar ace

9 | apoar_mouse

Q%623

Apalipoprotein A- [Precrsor]
Apo-Al

Apoa-

9

P

LOELQGR

QEMIIKDLEEVK
VKDFAIVYVDAVK
LOELQGRLSPVAEEFR

VAPLGAELQESAR

Apoal

Secreted

13| aPoadmouse

PI6728

Apalipoprotein A1V [Precursor]
Apo-AN
Apoa-y

EAVEQFOK.

ALVQQLEQFR
SLAPLTVGVQEK
TVEPMGEMFIIK + O@M
QLEQQVEEFR
HLAPLVEDVOSK
TVEPMGEMFIIK + 2 0@1
HIMEELKGHLTPR + 0@
AT QHLEDLRR

LNHOMEGLAFQMK + 2 0@
TDVTQOLSTLFQDK.

LNHOMEGLAFQMKK + 2 0@
LVFFVQLSGHLAKETER
QQLGPIISGEVESHLSFLEK
MMPHAIKVTQTFGENMIQK + 3 0@
LQEHLKPYAVDLOD QINTQTQEWIK + 0@t
GSPDQPQA LPLPEQAQE QA QEQAQEQVQPKPLES
KGSPDQPOALPLPEQAQEQAQEQAQEQY QPKPLES

Apoad

Secreted

APOC3_MOUSE

[

Apalipoprotein C-1l [Precursor]
Apo-Cil
Apocl

TVODALSSVQESDIAVVAR

Apocs

Secreted

APOE_MOUSE

PI8225

Apalipoprotein E [Precursor]
Apo-E

EVQAAQAR

ELEEQLGPVAEETR

Apoe

Secreted

APOH_MOUSE

Q1339

Beta-2-glcoprotein 1 [Pre cursor]
Beta-2-glcoprotein |
Apalipoprotein H

Beta(2)P
Activated protein C-binding protein
APC inhibitor

153

49

TSYDPGEQIVYSCKPGYVSR
CPEPPRPEIIGY VIIY PAKP/LLYK.

Apoh
B2gp1

Secreted
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14| crap_mousE

Pa4185

Complement factor B [Precursor]
EC 3.4.21.47
€3/C5 convertase

123
2

18

CLTNLEK
VASYGVRPR

FIQVGVISWG/VDVCRDQR

cib

of
H2-8f

Secreted

15| crar_mousE

P393

Complement factor H [Precursor]
Protein beta-1-H

15
1%

13

TGEQVTFR

SCOMPVFENSITKIITR + 0@M
YRVGDLLEFSCHSGHR

cih
HAL

Secreted

16 | cLus_mouse

Q2689)

Clusterin [Precrsor]
Sufated glycoprotein 2
sGP-2

Clustrin
Apalipoprotein J
Ap

68

2

RPHFLYPK
ASGIDTLFODR
ELHDPHYFS PIGFPHK.
YYLRVSTVITHSSDSEVPSR

clu

Apoj
Msgp-2

Secreted

17| cos_mouse

Pa1327

Complement C3 [Precursor]
Synonym HSE-MISF

67

WLHEQR
RQEALELIK

DFDSVPPYVR
EADVSLTAFVLIALQEAR
LLDDFDEYTITIQQVIK + 02 M
ILQGSPYVQMAEDAVDGER
VDVPAADLS DQUPDTDSETR
ILQGSPYVQIMAEDAVDGER + 02M
VFSLAATILIADSH/LCGAVE
QPSSAYAAFIIIRPPSTWLTAY WK

Secreted

18| cRP_MOUSE

P14847

Coreactive protein [Precursor]

52

15

TFGHEDMFK
TFGHEDMFKK
HSHDILFWIIK
LIWCLLIMISFSR + 02 M

p
=

Secreted

19| FETUA_WOUSE

P29699

Alpha-
Fetuin-A
Countertrypin

HS-glycoprotein [Precursor

72

28

QULNOIDKVK
GLSDHRTYHDLR
VGQPGAAGPVSPMCPGR + 0@
ANLMHILGGEEVSVACK + 0@
QLTEHAVEGDCDFHILK
HAFSPVASVESASGETLHSPK
QLTEHAVEGDCDFHILKQDGQFR

Ahsg
Fetua

Secreted

2) | GELs_MoUsE

P1332)

Gelsolin [Precursor]
Actin-depolymerizing factor
ADF

Brevin

176

3

MDAHPPR + 0@
LFACSIIR
RTPITVVR
EPGLOWR
QFFKIWR
DGGQTAPASR
YVIETDPANR

VSIGAGSMSYSLVADENPFAQGALR + OB
FDLVPVPPIILY GDFFTGDAVILK
VPVDPATYGQFYGGDSVIILYNYR

asn
asb

Secreted
(1soform 1)

Cytoplasma
(isoform 2)

21 | aPxa_mousE

Pasa12

Glutathione peroxidase 3 [Precursor]
EC 11119
GsHPc3

GPe3
Plasma glutathione peroddase
GsHPx-P

YVRPGGGFVPIIFQLFEK.

apa

Secreted

2 | HA1)_MOUSE

Pa1898

H-2 class | istocompatibilty antigen, Q1 alpha chain [Precursor]

153
]

El

FDSDAETPR
GYLOYAYDGR
GHEQSFHVSLR
WEQAGAAEYYR
KWEQAGAAEYYR
AKGIIEQSFHVSLR
AYLEAECVEWLLR
FINGYVDDTQRVR
YFETSVSRPGLGEPR
THTHHPGSEGDVTLR

H2-Q1)

Membrane

23 | HBA_MOUSE

PI1942

Hemoglobin suburit alpha
Hemoglobin alpha chain
Alpha-globin

74

3

LRVDPVIIFK
IGGHGAEYGAEALER
TYFPHFDVSHGSAQVK
TYFPHFDVSHGSAQVKGHGK.
IGGHGAEYGAEALERMFASFPTTK + 0@

Hba
Hba-a1

Extracellular

24 | HEMO_MOUSE

Q91x72

Hemopexin [Precursor]

128

35

GPDSVFLIK
YYCFQGHK
DYF/SCPGR

FaTR
HPTSVDAA FR
FNPVTGEVPPR
KWFWDFATR
WKIPITSVDAAFR
GATYAFTGSHYWR
CSPDPGLTALLSDHR
GEC QSEGVLFFQGIIR
SLPQPOKVIISILGCSQ
ELGSPPGISLETIDAAFSCPGSSR
LFQEEFPGPYPPDAAVECHR

ELGSPPGISLETIDAAFSCPGSSR

Hpx
Hpxn

Secreted

2 |16 MoUsE

PaI592

1) chain

89

2

CYITIMVPLR + 0@
HFYHLSDVCK.
HFVYHLSDVCKK
IPSTEDPIEDIVER
CYTTIMVPLRYHGETK + 0@
IPSTEDPHEDIVERIIR

5

2% | K2caMoUSE

PI1679

Keratin, type Il cytoskeletal 8
Cytokerating
k8

Keratin-g

Cytokeratin endo &

135

35

HGDDLRR

TKTEISEMIR + 0@M
AQVEDIANRSR
SLDMDGIAEVR + 0@
ASLEAAIADAEQR
SRAEAETMYOIK + 0B
LESGMOIIMSHTE +2 0@
DVDEAYMIKVELESR + 0@M
ELQSQISDTSWLSMDIISR + 0@M

Kita
Kit2-8

27 | kac_moust

Pa1837

1g kappa chain C region

7

32

SFIRIEC
WKDGSER
HISYTCEATHK
HISYTCEATHKTSTSPIVK.

2 | KNGI_MOUSE

038577

Kininogen-1 [Precursor]

75

7

YVEFIAR
RPPGFSPFR
SGIQYMLHR

HLGQSLDCHANVYMRPWEIK + 0B

FPSLHGD CVALPHGDDGECR

Kng!
Kng

Extracellular

2 | Kvas_MousE

PI16SS

Ig kappa chain V-l region PC 7132

DIVLTQSPASLAVSLGOR

3 | KvsL_MOUSE

PI16d5

g kappa chain V- region HP 93G7

61

5

LHSGVPSR
LLVYTSR
DIQMTQITSSLSASLGDR
DIQMTQITSSLSASLGDR + 0@
ASQISHYLIWY QQKPDGTVK

LLvTsR

31| KVEK_MOUSE

P24945

Ig kappa chain V-Vl region 11Q2-6.1

LLVDTSHLASGYPVR
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32 | MBL2_MOUSE

P37

Mamnase-binding protein C [Precursar]
MEP-C

Mannan-binding protein
RA-reactie factor P2BA subunit
RARFIP28A

WMSLDRVK + O@MM
DIAYLGITDVR
VEGSFEDLTGIR
ALCSEFQGSVATPR
AEFDTSEDSEMALR

ALCSEFQGSVATPR

Mbl2

Rough endoplasmic
reticulum membrane;
Periphe ral membrane

protein; Lumenal sice. Golgi

paratus membrane;
Periphe ral membrane
protein; Lumenal side

MUC_MOUSE

Pa872

lg mu chain C region secreted form

HPPAVYLLPPAR

Ighs

Secreted

MUP2_MOUSE

PI1589

Major urinary protein 2 [Precursor]
MUP2

124
]

5

IEDNGHFR
EKIEDIIGHFR
ENIDLSHIANR

IEDIGIFRLFLEQIHVLEK

Mup2

Secreted

MUPB_MOUSE

P24938

Major urinary proteins 11 and 8 [Fragment]
MUPT1 and MUPS

139

72

IEDNGHFR
EKIEDIIGHFR
ENIDLSIIANR

HGILR
DGETFOLMGLYGR
DGETFOLMGLYGR + 0B
INGEWHTILASDKR
TDYDNFLMAHLINEK + 0@
LFLEQHVLENSLYLK
AGEYSVTYDGFNTFTIPK

Mups
Mupl 1

Secreted

3 | MYHO_MOUSE

Q8vDDS

Myosin-9
WMyosin heavy chain 9

WMyosin heavy chain, nonmuscle
Honmuscle myosin heavy chain lla

Cellular myasin heavy chain, type A
Honmuscle myosin heavy chain-a
HMIHC-A

VLORICAAYLR

LMATLRITHPHIFVR + OB
VIQYLAHVASSHKSK
YRALSHIGHVTIPGQADK
KANLQID QINTLILER

Wyhs

37 | PLFa_MOUSE

Qsz126

Platelet factor 4 [Precursor]
PF-d

cxcla

TISSGIHLK

ICLDROAPLYK
AGRHCAVPQUATLE.
HCAVPQLATLKNGR

Pfa

Secreted

38 | PLMIMOUSE

P23918

Plasminogen [Precursor]
EC 34217

173

2

SFQVHSK
LILEPHIIR
SSRPEFVK.
DVILFEKR
WSEQTPHR
WEYCDIPR
MRDVILFEK + 0@M
WEYCHILKR

TGIGHGYRGTMSR + 0BM
VCHRVEYLIIR

WSEQTPHRHIIR
GTVSVTVSGKTCOR
LILEPHINRDIALLK
VIPACLPSPIIYMVADR + 0@
TAVTAAGTPCQGWAAQEPHR
SFQVHSKEQQCVIMAEIISK + 0@
QLAAGGVSDCLAK CEGETDF/CR

Pl

Secreted

PROP_MOUSE

P1168)

Properdin

89

2

TCDHPAPR
QRLCTPLLPK
HGGPFCAGDATR
MSINCEGTPGQQSR + O@M
LRMSINCEGTPGOQSR + 0@M

5CSAPAPSHQPPGKPCSGPAYEHK.

chp
Pl

Secreted

RETBP_MOUSE

Q3724

Plasma retinok binding pratein [Precursor]
PREP

REP

63

34

DPIGLSPETR
YWGVASFLOR
QRQEELCLER
LONLDGTCADSYSFVFSR
KDPEGLFLODIIIAEFSVDEK.

LONLDGTCADSYSFVFSR

Rbp4

Secreted

SAMP_MOUSE

P12245

Serum amyloid P-componert [Precursor]
sap

APPSIVLGQEQDIIYGGGFOR

Apes
P2

sap

Secreted

@ | spa3K_MOUSE

Pa7759

Serine protease inhibitor A3K [Precursor]
Serpin A3K.

Contrapsin

P2

135

32

VPMMKMK

GKTMEEILEGLK + 0@l
MQQUEASLOPETLR
MQQUEASLOPETLR + 02
MQQVEASLOPETLRK + 0@1
HFRDEELSCSVLELK
AVLDVAETGTEAAAATGVIGGR
ALYQTEAFTADFQQPTEAK
AVLDVAETGTEAAAATGVIGGRK
ISFDPODTFESEFYLDEKR

Serpinask
Mem2
spiz

Secreted

TRFE_MOUSE

Qo211

serotransferrin [Precursor]
Transferrin

Sicerophiin
Beta-1-metal-binding globulin

354

51

DSAFGLLR

DQYELLCLDITR
QEDFELLCPDGTR
YLGAEYMOSVGIIMR + 2 0@
KPVDQYEDCYLAR
YLGAEYMOSVGIIMRK +2 0@
ADRDQYELLCLDNTR
HLKQEDFELLCPDGTR
11QQEGVCPEGSIDISPVK
CAPIINIKEEYIIGYTGAFR
DFASCHLAQAPHHVVVSR
HQTVIDITEGKIPABAAK
KPVKDFASCHLA QA PHHVVVSR
AVLTSQETLFGGSDCTGHFCLFK.

T
Tt

Secreted

44 | TTHY_MoUsE

PI7339

Transthyretin [Precursor]
Prealbumin

79

55

FVEGVYR
TSEGSWEPFASGK
TAESGELHGLTTDEK
TLGISPFHEFADVVFT ANDSGHR
HYTIAALLSPYSYSTTAVVSHIPQI

TLGISPFHEFADVVFT ANDSGHR

Ttr

Secreted

VTDB_MOUSE

P21614

Vitamin D-binding protein [Precursor]
D8P

Group-specific component
Ge-globulin
VDB

B
s

»

SLLYSR
HLSLLTTMSIIR

RTQUPEVFLSK
SCESDAPFPVHPGTPECCTK
DLCGOSTTQAMDOYTFELSR
DLCGOSTTQAMDQYTFELSR + 0@
VPTANLENIVLPLAEDFTELS
EVVSLTEECCAEGADPTCYDTR
LCMAALSHQPQEFPTYVEPTIDEICEAFR

VPTANLENVLPLAEDFTEISR

ac

Secreted

% | 2426_MOUSE

Q84725

Zinc-alpha-2-glycoprotein [Precursor]
Zn-alpha-2-glycoprotein
Zn-alpha-2-GP

125
B

32

LaFEPER
KLAFEPER

FOATAFLNDQAFFHYIISHISGK.

CLAYGFYPOR

Azgp!

Secreted
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Abstract

Aberrant signaling of the epidermal growth factor (EGF) receptor tyrosine kinase is
frequently observed in lung cancer. We therefore developed a transgenic mouse
model with targeted overexpression of EGF to respiratory epithelium. As evidenced
by histopathology, disease bearing mice developed dysplasia and subsequently
bronchiolo-alveolar carcinomas. Based on two-dimensional gel-electrophoresis we
compared the serum proteomes of diseased mice with wildtype animals. Three pH
ranges, 3-10, 4-7 and 5-8 were applied for isoelectric focusing, followed by SDS-
PAGE. In total, sixty eight unique serum proteins were identified by matrix-assisted
laser desorption/ionization-time of flight-mass spectrometry, of which thirteen
proteins were statistically significantly regulated (p<0.05). Notably, while EGF and
amphiregulin were exclusively expressed in disease bearing animals, expression of
a-2-macroglobulin, apolipoprotein A-l, fetuin B, gelsolin, vacuolar protein sorting
associated protein 28 homologue and vitamin D binding protein was specifically
increased; in contrast, expression of apolipoprotein A-IV, apolipoprotein M,
apolipoprotein H, a-raf, glutathione peroxidase 3, plasminogen and transthyretin
was repressed in transgenic mice with dysplasia. Furthermore, apolipoprotein A-I,
A-IV and ApoM were significantly downregulated while a-2-macroglobulin and
glutathione peroxidase 3 were upregulated (p<0.05) in lung tumour bearing mice.
Regulation of selected proteins was also confirmed by Western blotting. Finally, we
compared the serum proteome of three different transgenic lung cancer disease
models and identified a-2-macroglobulin  and transthyretin as commonly
regulated. Taken collectively, we identified several serum biomarker candidates

that enabled detection of dysplasia prior to malignant transformation.
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1 Introduction

The epidermal growth factor (EGF) is a ligand of the EGF receptor tyrosine kinase
(RTK), and this protein displays mitogenic activity in vivo and in vitro. In many
tumours EGFR is overexpressed to result in aberrant signaling [1]. Next to EGF,
amphiregulin, epiregulin and TGFa bind to and activate this membrane-bound
RTK. Upon ligand activation, the EGFR becomes internalized whereby the
intracellular domain undergoes multiple rounds of phosphorylation [2]. Recently,
we and others identified a soluble form of the EGFR in serum of lung tumour
bearing mice [3, 4]. While overexpression of constitutively activated EGFR resulted
in dysregulation of this RTK it provided an autocrine loop to promote mitogenic
signaling thereby fostering cell cycle progression [5]. An oncogenic signaling of
EGFR was already demonstrated for hepatocellular carcinomas [6-8]. In this regard
it is of considerable importance that EGFR and other RTK connect to other
signaling pathways, such as the MAPK/ERK signal transduction pathway to
promote malignant transformation [9]. There is evidence for selective
phosphorylations of individual tyrosine residues to enable specific signaling
cascades. For instance, phosphorylation of the EGFR tyrosine residue Tyr992
connects EGF to the MAPK pathway [10-12]. To better understand aberrant EGF
signaling in malignancies our laboratory generated a transgenic mouse model
where overexpression of the secretable EGF (IgEGF) was achieved by use of a gene
construct that contained regulatory sequences of the surfactant protein C (SP-C)
promoter. Activation of this promoter is restricted to alveolar epithelium and
transgenic mice developed dysplasia in lung [13, 14]. Notably, while atypical
adenomatous hyperplasias (AAH) represent a preneoplastic state of carcinomas
[15], there is a link between AAH and lung cancer. Indeed, dysplasia display
nuclear atypia, which, however, has not yet progressed to the point of malignant
transformation and invasive growth [16]. Dysplastic cells are facultative cancers
and thus represent a developmental stage of cellular dedifferentiation with high
risk for malignant transformation. Because exaggerated activity of the EGF RTK is
considered to be a disease causing mechanism of lung cancer, we wished to

identify serum biomarkers of disease that would allow prediction and monitoring
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of patients at risk for developing lung cancer. Likely identifying individuals at risk
of developing cancer would reduce significantly the morbidity associated with lung
cancer [17]. Here we report our efforts to study the serum proteome of SP-C/IQEGF

transgenic mice and suggest candidate biomarkers for AAH.

2 Materials and methods

2.1  Animal care

Transgenic disease bearing mice and wildtype age matched mice without
neoplastic formation of the lung that served as controls were bred in the
hemizygous CD2F1 and kept in the C57BL/6 as described previously [13]. Animals
were housed in Makrolon type Il cages. Drinking water and food (V1124-000,
SSNIFF, Holland) was given ad libitum. Temperature and relative humidity were 22
+ 2° C and 40-70%, respectively. Furthermore, a 12-h day and night cycle was

used.

2.2 Histopathology

Tissues were fixed in 4% buffered formaldehyde in PBS for approximately 20 h,
dehydrated and embedded in paraffin (Roti-Plast™, Roth). Tissue captions were
obtained with a microtome and stained with hematoxylin and eosin according to
standard protocols. Neoplasias of the lung were classified according to standards
of the IARC - WHO (2004).

2.3  Preparation of serum samples

Blood serum of transgenic SP-C/IgEGF mice with dysplasia of the lung (n=6, aged
12-14 months), blood serum of transgenic SP-C/IgQEGF lung tumor bearing mice
(n=4, aged 18-20 months) and blood serum of wildtype mice (n=6, aged 14

months and n=6, aged 18-20 months) were studied. For serum protein



Serumproteomik zur Identifizierung tumorspezifischer Biomarker des nicht-kleinzelligen Bronchialkarzinoms 102

identification, mice were sacrificed with CO, and blood from these two groups
was taken from the vena cava. After clotting for 15 min at room temperature, the
blood was centrifuged at 6000 rpm for 10 min. Hemolysis was not observed. The
resultant supernatants were removed, frozen immediately in liquid nitrogen and
stored at -80° C until further analysis. The protein concentration in serum

determined by the Bradford test ranged from 80-90 pg/ulL.

2.4 Two-dimensional gel-electrophoresis

2.4.1 First dimension

Serum proteins were separated without any pre-treatment by isoelectric focusing
(IEF). We used precast immobilized pH gradient (IPG) strips of pH 3-10 (non-linear
gradient; 170x3x0.5 mm, BioRad) and overlapping ranges of pH 4-7, pH 5-8 (both
linear gradient; 170x3x0.5 mm, BioRad). Each sample was analyzed in duplicate.
1 mg was diluted in a lysis buffer containing 2 mol/L thiourea, 5 mol/L urea, 40
mmol/L Tris, 4% CHAPS, 0.5% BiolLyte 3-10 (BioRad), 100 mmol/L DTT resulting in
a total volume of 350 plL per strip. Focused IPG strips were rehydrated at 50 V for
12 h. IEF was performed at 20°C with a maximum voltage of 10 kV and a
maximum current of 50 pA per strip. After IEF, IPG strips were equilibrated in 10
mL reducing buffer (2% DTT in 10 mL equilibration buffer containing 6 mol/L urea,
30% glycerin, 2% SDS, 0.05 mol/L Tris-HCI, pH 8.8 and 0.5% bromophenol blue)
for 15 min, followed by equilibration in 10 mL alkylation buffer (4%
iodoacetamide and 0.5% bromophenol blue in 10 mL equilibration buffer) for 15

min.

2.4.2 Second dimension

SDS-PAGE was performed in a Protean-plus Dodeca™ Cell (BioRad) using self-cast
polyacrylamide gels (200 x 205 x 1.5 mm; 12%T). Gels were run in parallel in
0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS cooled externally to 10° C with a
constant voltage of 70 V for approximately 16 h, followed by 200 V until the
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bromophenol blue dye reached the bottom of the gel. Unstained protein standards

(BioRad) were used for calibration of M, and pl.

2.5 Staining

2-D gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid and
washed twice for 30 min each in 500 mL 2% phosphoric acid. Equilibration was
done in 500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium sulfate for
30 min thereafter. Colloidal Coomassie blue (CCB) staining of proteins was
performed by addition of 5 mL staining solution (2% CBB G250, Roth) to 500 mL
of equilibration solution. Gels were stained for 72 h and washed once with 500

mL deionized water for 5 min thereafter.

2.6 Imaging

Gels were scanned as TIFF images with the 16-bit Expression 10000 XL™ (Epson)
operating in transmitted light mode. PDQuest software (version 8.0.1.55, BioRad)
was used for detection of spots, quantification and comparison of 2-D protein
profiles. Background and vertical streaks were removed from each gel image; spots
were digitized by Gaussian fit. To quantify protein spots, a matchset of all gels was
made and the absorbance of individual protein spots from 2-D gels was measured.
Total density in the gel image was used for normalization of spots. In this method,
the raw quantity of each spot in a member gel is divided by the total intensity
value of all the pixels in the image. This model assumes that the total density of an
image (i.e. background density plus spot intensity) will be relatively consistent from
gel to gel. Student’s t-test and Mann-Whitney Signed-Rank test were used for
analysis of protein expression. A probability of p<0.05 was considered statistically
significant. Differentially regulated spots were excised and transferred to 96-well
microtiter plates (Thermo) by the EXQuest™ spot cutter (BioRad) for further

identification by mass spectrometry.
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2.8 Matrix-assisted laser desorption/ionization-time of flight-mass

spectrometry

Each of the CBB-stained gel plugs was washed twice with 15 pL ammonium
hydrogencarbonate solution (100 mmol/L) and then dehydrated twice with 15 L
acetonitrile (ACN). Proteins were digested with a total of 100 ng trypsin
(sequencing grade, Promega) per gel plug at 37°C for 4 h. Resulting peptides were
extracted with 1% trifluoroacetic acid (TFA) in an ultrasonic bath (Sonorex, Super
RK 514 BH, Bandelin) for 5 min.

1.5 uL of the peptide extracts were manually spotted onto a 600 um/384 well
AnchorChip™ sample target (Bruker Daltonics) and dried at room temperature.
The MALDI target was covered with a thin layer of a-cyano-4-hydroxycinnamic
acid (CHCA) matrix dissolved in 97% Acetone/ 3% TFA 0.1% to saturation. To
enable MS/MS measurement matrix recristallization was performed with 0.8 pL of
60% ethanol/ 30% acetone/ 10% TFA 1%. MALDI mass spectra were recorded
using an Ultraflex Il TOF/TOF mass spectrometer (Bruker Daltonics) equipped with a
384-sample scout source. An external peptide calibration standard containing the
following fragments was used to calibrate the instrument: angiotensin Il ((M+H]*
1046.54); angiotensin | ([M+H]* 1296.68); substance P ([M+H]* 1347.74),
bombesin ((M+H]* 1619.82); ACTH clip 1-17 ([M+H]* 2093.09); ACTH clip 18-39
(IM+H]* 2465.20); somatostatin 28 ([M+H]* 1347.47) (Bruker Daltonics). Mass
spectra were acquired in an automatic mode using the AutoXecute™ module of
the FlexControl™ software (version 2.4, Bruker Daltonics) and using the three most
abundant peptide signals of the corresponding peptide mass fingerprint (PMF) and
peptide fragmentation fingerprint (PFF) spectrum. Spectra were analyzed using the
FlexAnalysis™ software (version 2.4, Bruker Daltonics). The Swiss-Prot database
employing the MASCOT program (version 2.0, Matrix Science, in-house server)
was used for the search of peptide masses to identify proteins. Database searches
were performed taking into account carbamidomethyl modification of cysteines
and possible oxidation of methionine. One missed cleavage was allowed. A mass
inaccuracy of < 100 ppm was allowed for PMF. For PFF, a mass inaccuracy of < 70

ppm was allowed for peptide masses and their fragments, respectively. Identified
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proteins were sent to the Proteinscape™ database (Protagen) and checked

individually for further consideration.

2.9 Western blotting

Expression of selected proteins was further confirmed by Western blotting. Serum
samples (50 pg) used for 2-DE were run on 12% or 15% gels by SDS-PAGE,
blotted onto PVDF membranes and blocked with 10% Rotiblock™ (Roth) in TBS
for 1 hour at room temperature. Primary antibodies were diluted in TBS with 1%
Rotiblock for 1h each. The membranes were incubated with goat anti-
amphiregulin (1:250, Santa Cruz, product no. sc-5797), rabbit anti-ApoA1 (1:200,
Santa Cruz, product no. sc-30089), mouse anti-ApoM (1:200, BD Biosciences,
product no. 612332), rabbit anti-A-raf (1:200, Santa Cruz, product no. 28772),
rabbit anti-EGF (1:200, Calbiochem, product no. GFO7L), goat anti-transthyretin
(1:200, product no. sc-8104) and mouse anti-a-tubulin (1:200, product no.
sc-58667). HRP-conjugated IgGs (1:10000, Chemicon) were used as secondary
antibodies. Rat liver total extracts and Hela total extracts were used as positive
controls. a-tubulin was used as a loading control. Membranes were washed three
times with TBS/0.1% Tween between each antibody incubation and detected with
enhanced chemiluminescence (Perkin Elmer) for 60 min with a CF440 imager
(Kodak).

3 Results and Discussion

3.1 Histopathology of the lung

At early stages of disease the SP-C/IgQEGF transgenic mice developed hyperplasia
(Fig. 1b) and dysplasia (Fig. 1c) while at advanced stages adenocarcinomas could
be identified (Fig. 1d and 1e). As evidenced by histopathology, the lung displayed
multiple foci which were indicated by the increased cellularity in the alveoli. The
alveoli exhibit a hyperplastic and dysplastic epithelium consisting of cuboidal cells

lining the alveolar septae and ducts.
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3.2 Separation of serum proteins

To extract proteins from mouse serum a thiourea-containing lysis buffer was used
as recently reported. Analyzing the serum proteome is challenging due to
interference by high-abundant proteins such as albumin, antitrypsin, transferrin
and immunoglobulins. Pre-fractionation and depletion of these proteins is useful
for proteome profiling, but may also introduce bias due to depletion of low-
abundant proteins [17]. Consequently, we did not pre-fractionate our protein
extracts. Instead proteins were separated within the pH ranges 3-10, 4-7 and 5-8
and visualized with the CCB stain. Approximately 450 (pH 3-10) and 250 (pH 4-7
and 5-8) distinct spots per gel were detected, respectively. Fig. 2 depicts

representative serum proteome maps of EGF transgenic mice.

3.3 Identification of serum proteins

Ninety-six 2-D gels were stained with the CCB method and studied by image
analysis. Protein spots of representative gels were analyzed by MALDI-MS after
tryptic in-gel digest. Identification of proteins was based on Swiss-Prot database
entries with the MASCOT search engine. Overall, sixty eight serum proteins could
be annotated (Tab. 1). In Supplementary Table 1 the MASCOT score, sequence
coverage and the most informative peptide sequences identified by MS and
MS/MS are listed. To the best of our knowledge, nine of the identified proteins
have not been reported so far in mouse serum or plasma of healthy animals
[18-20]. These proteins include the peroxisomal acyl-coenzyme A oxidase 3 (Swiss-
Prot ID Q9EPL9, spot no. 9), autoimmune regulator protein (Q9Z0E3, spot no. 12),
carnithine palmitoyltransferase Il (P52825, spot no. 28), heparin-binding growth
factor (P15655, spot no. 31), Ig gamma-3 chain C region, secreted form (P22436,
spot no. 32), Ig kappa chain V-l region PC 7132 (P0O1655, spot no. 44), myosin-14
(Q6URWS, spot no. 51), tripartite motif-containing protein 30 (P15533, spot no.
63) and vacuolar protein sorting-associated protein 28 homologue (Q9D1C8, spot
no. 65).
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3.4 Regulation of serum proteins in an EGF transgenic disease model

Tab. 2a-c report regulation of proteins when serum extracts of wildtype and
disease bearing proteomes were compared. Prominent examples of regulated
proteins are depicted in Fig. 3. Protein expression was confirmed by Western
blotting (Fig. 4). A summary of regulated proteins at different pH ranges is given in
Fig. 5a and 5b and significantly regulated proteins are discussed below for their

disease association.

3.4.1 Regulation of signaling molecules in lung dysplasia

As shown in Tab. 1 and Fig. 3 we identified gelsolin (GSN, Swiss-Prot ID P13020,
spot no. 34). This protein is an actin-binding protein and a key regulator of actin
(Swiss-Prot ID P63260, spot no. 10) dynamics, i.e. filament assembly and
disassembly. GSN is one of the most potent members of the gelsolin/villin
superfamily. GSN has been located in cytosol and mitochondria but in plasma as
well. Along with Arp3, cortactin, and Rho GTPases GSN plays a role in podosome
formation [21]. Prior to cell death, mitochondria lose membrane potential and
become more permeable. Normally, GSN inhibits the release of cytochrome C,
blocking the signal amplification that would have led to apoptosis. Thus, GSN
inhibits apoptosis by stabilizing the mitochondria [22]. An impairment of GSN has
been shown to cause increased permeability of the vascular pulmonary barrier in
mice, suggesting that GSN is important in the response to lung injury [23, 24]. The
prognostic significance of GSN in NSCLC was shown by Yang and co-workers [25].
In our study GSN was significantly (p<0.05) upregulated, albeit by approximately

2-fold in mice with dysplasia.

We also identified fetuin B (Swiss-Prot ID Q9QXC1, spot no. 30) as regulated.
Notably, fetuins, which are part of the cystatin superfamily, have been implicated
in several functions, i.e. osteogenesis and bone resorption, regulation of the insulin
and hepatocyte growth factor receptors. In an effort to identify hepatic genes

preferentially expressed during acute inflammation, Olivier and co-workers
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identified rat hepatic fetuin B to be repressed [26]. Furthermore, the 382-amino
acid human fetuin B protein shares >60% sequence and structural similarity with
fetuin A. Overexpression of fetuin B in skin squamous carcinoma cells led to
suppression of tumour growth in nude mice [27]. Here we report fetuin B to be
marginally, but statistically significantly (p<0.05) upregulated in mice with
dysplasia of the lung.

Another signaling protein with marginal upregulation at early stages of disease,
but with >3-fold overexpression in tumour bearing mice (p<0.05) was alpha-2
macroglobulin (Swiss-Prot ID Q61838, A2M, spot no. 8-A and 8-B). This protein
is a known proteinase inhibitor and positive acute phase reactant which acts as an
inhibitor of coagulation by inhibiting thrombin and as an inhibitor of fibrinolysis by
inhibiting Plasmin. A2M was overexpressed in the serum of c-raf and c-myc
transgenic mice that developed atypical adenomatous hyperplasias (AAH) and
bronchiolo-alveolar carcinomas (BAC), respectively. We thus propose this protein
as a candidate biomarker for the early detection and monitoring of lung cancer
(3, 28].

As reported in Tab. 2a we identified a-raf (ARAF, Swiss-Prot ID P04627, spot no.
21) as regulated. This protein is a member of the RAF serine/threonine kinase
family. Specifically, the RAF family of genes encode cytoplasmic protein
serine/threonine kinases that play a critical role in cell growth and development
[29]. RAF kinases are key molecules for the mitogenic signal transduction pathway
and connect receptor tyrosine kinases through MEK and ERK with nuclear
transcription factors. There is evidence for the serine/threonine kinases of the RAF
family to be regulated in lung cancer when overexpressed or mutated [30].
However, here we show the ARAF kinase to be downregulated by about 2-fold
(p<0.05) in transgenic mice with lung dysplasia by 2-DE (Fig. 3) and Western
blotting (Fig. 4). Although in the mouse ARAF is predominantly expressed in
urogenital tissues, it was suggested that in the absence of ARAF, the caveolar coat
is less stable or inefficiently assembled [31]. These observations revealed new
insights into caveolae trafficking and suggested that the dynamic properties of

caveolae and their transport competence are regulated by different kinases
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operating at several levels.

We also observed regulation of plasminogen (PLG, Swiss-Prot ID P20918, spot
no. 54), a circulating zymogen that is converted to the active enzyme plasmin by
cleavage of the peptide bond between the amino acids Arg560 and Val561. This
reaction is mediated by the urokinase PLG activator (PLAU) and the tissue PLG
activator (TPA, PLAT). Plasmin, like trypsin, belongs to the family of serine
proteinases and mainly dissolves fibrin clots. The PLG activation system in lung
cancer was described elsewhere [32] and substantial anti-proliferative and pro-
apoptotic effects of plasminogen in tumour cells were recently reported for a lung
cancer model [33]. Note, PLG was significantly (p<0.05) downregulated by nearly
2-fold in transgenic mice at early stages of tumourigenesis, but not regulated at

late stages of disease.

3.4.2 Regulation of transporters in lung dysplasia

The vitamin D binding protein (VTDB, Swiss-Prot ID P21614, spot no. 66) was
statistically significantly (p<0.05) upregulated in disease bearing mice with
dysplasia of the respiratory epithelium. This multifunctional protein, also known as
Gc globulin, is found in plasma, ascitic fluid, cerebrospinal fluid, urine and on the
surface of many cell types. In plasma, VTDB carries the vitamin D sterols and
prevents polymerization of actin (Swiss-Prot ID P63260, spot no. 10) by binding to
its monomers. Overexpression of VIDB in breast cancer was reported elsewhere

[34, 35]. Its regulation in lung cancer was described previously [3].

Additionally, we observed the vacuolar protein sorting-associated protein 28
homologue (Vps28, spot no. 65) to be significantly upregulated by >5-fold
(p<0.05) at early stages of cancer (12-14 months). Notably, the endosomal sorting
complex required for transport (ESCRT) complexes are central to receptor
downregulation and lysosome biogenesis. For instance, the yeast ESCRT-I complex
contains the Vps23, Vps28, and Vps37 proteins, and its assembly is directed by the
C-terminal steadiness box of Vps23, the N-terminal half of Vps28 and the C-

terminal half of Vps37 [36]. Previously, Olabisi and colleagues reported expression
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of the aberrant protein Bcr in patients with chronic myelogenous leukemia (CML).
Bcr was shown to play an important role in cellular trafficking of the EGFR while
Vps28 was found to interact with Ber [37]. So far, little is known about Vps28 and
its regulation in lung cancer. Here we propose Vps28 as a diagnostic marker for

lung dysplasia.

Furthermore, we identified the negative acute phase protein transthyretin (TTHY,
Swiss-Prot ID P07309, spot no. 64) to be highly significantly repressed by >19-fold
(p<0.05) in disease bearing mice with lung dysplasia. This finding was further
validated by Western blotting (Fig. 4). Specifically, TTHY carries thyroid hormones
from blood to tissues and interacts with the plasma retinol binding protein (RETBP,
Swiss-Prot ID Q00724, spot no. 56) to enable transportation of retinol [38]. Lower
levels of RETBP are observed if TTHY expression is decreased as demonstrated in a
recent serum proteomic study of liver and lung cancer [39]. Likewise, expression of
RETBP was marginally, but not significantly reduced in mice with dysplasia (data
not shown). Being a negative acute phase reactant, but induced in tumour bearing
mice makes RETBP a likely candidate biomarker of disease and has been shown to
be regulated in c-myc transgenic lung tumour mice as well. In the past we
observed regulation of TTHY in lung cancer upon targeted activation of c-myc and
c-raf [3, 28]. In clinical studies TTHY was also proposed as a serum biomarker for

the diagnosis of lung cancer [40-42].

3.4.3 Regulation of apolipoproteins in lung dysplasia

The pulmonary surfactant is a surface-active lipoprotein complex formed by
alveolar type Il cells (AT-Il). The surfactant comprising proteins and lipids have both
a hydrophilic and a hydrophobic region. By adsorption to the air-water interface of
alveoli with the hydrophilic headgroups in the water and the hydrophobic tails
facing towards the air, the main lipid component of surfactant,
dipalmitoylphosphatidylcholine (DPPC), reduces surface tension [43]. Lung
surfactant contains >90% lipids, such as DPPC, whereas the remaining 10% of
surfactant are proteins, such as the surfactant protein C (SP-C). An increase of

SP-C levels in the lung of tumour bearing mice has been reported elsewhere [44].
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Notably, apolipoproteins are proteins that bind to lipids and form particles, which
transport lipids from the intestine to the liver and from the liver to tissues,
including adipocytes, heart, muscle, breast and lung tissues. Apolipoproteins also
serve as enzyme co-factors, lipid transfer carriers and receptor ligands that regulate
the metabolism of lipoproteins and their uptake in tissues. For instance, the low
density lipoprotein receptor-related protein 1 (LRP1), i.e. a cellular membrane
receptor of the low density lipoprotein (LDL) receptor family, is a multiligand
receptor with important signaling function [45]. Apolipoprotein E (Swiss-Prot ID
P08226, spot no. 18) interacts with LRP1 to mediate uptake of chylomicron
remnants into the liver. There is evidence for regulation of apolipoproteins in a

large number of malignancies, such as lung cancer.

In particular, we observed expression of the apolipoprotein A-l (ApoA1, Swiss-Prot
ID Q00623, spot no. 15), apolipoprotein A-IV (ApoA4, Swiss-Prot ID P0O6728, spot
no. 16), apolipoprotein H (ApoH, Swiss-Prot ID Q01339, spot no. 19) and
apolipoprotein M (ApoM, Swiss-Prot ID Q9Z1R3, spot no. 20) to be significantly

regulated in disease bearing mice.

Specifically, ApoA1 belongs to the ApoA1/A4/E protein family and is primarily
produced in the liver and the intestine. ApoA1 can be found in the extracellular
space and takes part in cholesterol absorption. Particularly, the ATP-binding
cassette transporter A1 (ABCA1) has been found to efflux cholesterol indirectly to
ApoA1 in plasma membranes [46]. By quantitative proteomic approaches
regulation of ApoA1 in association with lung cancer was reported [44, 47] and
induction of ApoA1 supports its use as a serum marker for the early detection of
brain metastases in lung cancer patients [48]. Here we report ApoA1 expression to
be significantly induced by nearly 6-fold at early stages, but reduced by >3-fold

(p<0.05) at late stages of lung cancer.

ApoA4 may play a role in secretion and catabolism of very low density lipoproteins
(VLDL). ApoA4 is required for efficient activation of lipoprotein lipase by
apolipoprotein  C-ll and is a potent activator of the lecithin-cholesterin

acyltransferase (LCAT) [49]. Furthermore, ApoA4 is a major component of high
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density lipoprotein (HDL) and chylomicron and was found to be upregulated in
pancreatic cancer [50]. Based on two-dimensional fluorescence difference gel-
electrophoresis (2-D DIGE) ApoA4 expression was found to be increased in serum
of patients with squamous cell carcinoma of the lung [51]. ApoA4 was, however,
downregulated by nearly 2-fold and >1.2-fold (p<0.05) in EGF transgenic mice

with dysplasia and lung tumours, respectively.

ApoH, also known as beta-2 glycoprotein-1 was repressed in transgenic mice at
early stages of disease. This protein binds to various kinds of negatively charged
substances such as heparin, phospholipids and dextran sulfate. Through binding to
phospholipids on the surface of damaged cells, ApoH may inhibit activation of the
intrinsic blood coagulation cascade [52]. ApoH is synthesized in the liver and
secreted into plasma. As reported by others, ApoH induction may be involved in
blocking angiogenic processes in bladder cancer [53, 54]. In our recent study on c-
myc lung tumour bearing mice we proposed ApoH as a candidate biomarker [28].
ApoH regulation in serum of transgenic mice at late stages of disease remained

unchanged when compared to control mice.

A further protein of considerable interest is ApoM, i.e. a 26-kDa protein expressed
mainly in the liver and kidneys [55]. It is predominantly found as a part of HDL
particle and belongs to the lipocalin superfamily. Substantially decreased ApoM
levels in ApoA1-deficient mice suggest a connection between ApoM and ApoA1
metabolism [56]. Recently, upregulation of ApoM was reported in serum of
patients with hepatocellular carcinoma (HCC) [57] and in serum of transgenic mice
with HCC [8]. To the best of our knowledge, regulation of ApoM is a novel finding
in terms of lung neoplasias and we found this lipoprotein to be significantly
(p<0.05) downregulated by >6-fold and >2-fold in serum of disease bearing mice

at early and late stages of disease, respectively.
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3.4.4 Serum markers of aberrant EGF activity

Recently, our laboratory reported mapping of the serum proteome of
hepatocellular carcinoma (HCC) induced by targeted overexpression of EGF to liver
cells of transgenic mice [8]. We now compared the results from the present study
with previous findings in an EGF liver cancer model and identified four proteins in
common, i.e. A2M, ApoA1, ApoM and GPX3. Notably, in both transgenic disease
models, serum EGF levels were increased. It is of considerable importance that Xu
and colleagues reported repressed ApoM mMRNA levels in HepG2 cells upon
treatment with TGF-a, HNF and EGF, respectively [58]. In another clinical study
lower levels of ApoA1 were observed upon high serum levels of EGF [59]. Thus,
these proteins may serve as candidate markers of disease linked to aberrant EGFR

activity.

3.4.5 Expression of disease regulated proteins in three different

transgenic disease models of lung cancer

Previously, we reported expression of regulated proteins in the serum of different
transgenic mouse models of lung cancer. Comparison of regulated proteins from
EGF transgenic mice with those of c-raf and c-myc [3, 28] confirmed regulation of
A2M and TTHY to be in common. Additionally, ApoA1, ApoH and glutathione
peroxidase 3 (GPX3, spot no. 35) were commonly regulated in c-myc and EGF
transgenic mice, while a-1 antitrypsin and properdin were in common for c-raf and
c-myc tumour bearing mice. In particular, GPX3 is a protector of cells and enzymes
from oxidative damage, by catalyzing the reduction of hydrogen peroxide, lipid
peroxides and organic hydroperoxide, by glutathione. We previously reported
increased expression of GPX3 in c¢-myc lung tumour bearing mice, while
upregulation of GPX3 was observed in ovarian cancer and NSCLC [60, 61]. These

findings make this protein a likely candidate biomarker of lung cancer.

Finally, VTDB was similarly in c-raf and EGF disease bearing mice (Fig. 6). These

findings are encouraging and evidence broad use of the proposed serum
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biomarkers in disease models of aberrant c-raf, c-myc and EGFR tyrosine kinase
(Swiss-Prot ID Q01279, spot no. 29) activity all of which play essential roles in lung
cancer [62, 63]. Furthermore, amphiregulin and epiregulin activate EGFR and are
often regulated in lung tumours [64, 65]. Exclusive expression of amphiregulin and
EGF was confirmed in diseased animals as evidenced by Western immunoblotting
(Fig. 4), whereas epiregulin was not detected in serum. Notably, an anti-apoptotic
effect of amphiregulin in lung cancer and liver injury has been reported [66, 67].
Serum levels of soluble EGFR and EGF as markers for NSCLC were also proposed

by Lemos-Gonzalez et al. [68].
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4 Concluding remarks

Based on our previous studies on the SP-C/IQEGF transgenic mouse model [13, 14]
we report disease regulated serum proteins, that function as transporters,
signaling molecules and apolipoproteins and are associated with distinct neoplastic
changes of the respiratory epithelium at early and later stages of lung cancer. As
shown by histopathology transgenic mice developed dysplastic changes of the
respiratory epithelium followed by lung tumors at late stages. We compared the
serum proteome map established herein with those previously published [3, 28].
Some of the identified regulated proteins are known as acute phase reactants
(APP), of which a-2 macroglobulin (positive APP) and transthyretin (negative APP)
are prominent examples and fit best with studies by others and our own findings
[8, 39]. Regulation of the apolipoproteins A1, A4, H and M is an important finding
with apolipoprotein A1 and H being reported as upregulated in human lung
cancer [47, 48, 53]. We suggest ApoM as a diagnostic marker for lung neoplasias
at early and late stages of disease. Its regulation correlates well with other human
malignancies [57]. While gelsolin, plasminogen and vitamin D binding protein are
known to be regulated in bronchiolo-alveolar malignancies [25, 33], regulation of
fetuin B was shown to be differentially expressed in skin squamous carcinoma [27].
Downregulation of a-raf and upregulation of Vps28 are novel in terms of early
stages of lung cancer, e.g. atypical adenomatous hyperplasia. Recently, Gesner et
al. observed increased expression of glutathione peroxidase in NSCLC patients
[61]. Regulation of GPX3 in our present study correlates well with our previous
findings in c-myc transgenic mice and makes this protein a likely candidate
biomarker of disease. Furthermore, we view EGF and amphiregulin as particularly
relevant for the detection of early stages of disease. A comparison of EGF disease
bearing mice with c-raf and c-myc transgenic animals, all of which developed
different types of lung cancer, identified common regulation of a-2 macroglobulin
and transthyretin. Taken collectively, our EGF disease model enabled identification
of serum biomarker candidates of dysplasia in response to aberrant EGFR activity
[69]. The identified proteins warrant in depth clinical evaluation for the early

detection of human lung malignancies.
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Figure captions

Figure 1:

(a) Histology of lung with thin alveolar septae in healthy non-transgenic mice. (b)
Lung of a SP-C/IgEGF transgenic mouse with multifocal hyperplasia of the
respiratory epithelium, indicated by an increased alveolar cellularity. (c) Alveolar

dysplasia in lung of transgenic mice. (d, e) Adenocarcinoma of transgenic mice.

Figure 2:

Representative 2-DE maps displaying the serum proteome of SP-C/IgEGF

transgenic mice with pH ranges from 3-10, 4-7 and 5-8.

Figure 3:

Examples of regulated serum proteins in SP-C/IQEGF transgenic and wildtype aged
matched control mice. Representative gels from each group are shown. Protein

spots of interest are marked by circles.

Figure 4:

Western immunoblotting of amphiregulin, apolipoprotein A-l, apolipoprotein M,
a-raf and transthyretin in serum of EGF transgenic mice compared to wildtype
control mice. EGF and amphiregulin were exclusively expressed in transgenic
animals. a-tubulin was used as a loading control. N.D.: positive control was not
detected, but no other protein band except that of transthyretin (55 kDa) was
detected. A part of the image with protein bands of interest cropped and marked

by molecular weights is shown.
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Figure 5a:

Fold-changes of disease regulated proteins in serum of EGF transgenic mice, aged
12-14 months, with dysplasia of the lung compared to control samples without
neoplasias of the lung. Three pH ranges, i.e. 3-10, 4-7 and 5-8 were applied to 2-
DE. Values are mean + SD. *p<0.05. A: signaling molecules, B: transporters, C:

apolipoproteins.

Figure 5b:

Fold-changes of disease regulated proteins in serum of EGF transgenic mice with
lung tumours, aged 18-20 months, compared to control samples without

neoplasias of the lung. Values are mean + SD. *p<0.05.

Figure 6:

Comparison of regulated serum proteins from three transgenic mouse models with
targeted overexpression of c-raf, c-myc and EGF, respectively, to bronchiolo-
alveolar epithelium by use of the surfactant protein-C (SP-C) promoter. All models
developed malignant transformation of alveolar type II cells. A (c-raf transgenic
mouse model): AAT 1-3, EGFR, Ig y-2B chain C region, a-globin, Ig J chain, Ig
chain C region, Ig k chain V-l region MOPC 70, MUP2, MUP8, sodium- and
chloride-dependent GABA transporter 3; B (c-myc transgenic mouse model):
orosomucoid 8, AAT 1-1, ApoC3, ApoE, RETBP, SAP; C (EGF transgenic mouse
model): ApoA4, ApoM, a-raf, fetuin B, GSN, PLG, VPS28; AB: AAT 1-6, properdin;
AC: VTDB, BC: ApoA1, ApoH, GPX3; ABC: A2M, TTHY.
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Table captions
Table 1:

Protein identification in 2-DE maps of mouse serum proteins in SP-C/IQEGF
transgenic mice. A total of sixty eight proteins were identified by MALDI-MS. See

Supplementary Table 1 for detailed information.
Table 2a and 2b:

Expression profiles of significantly regulated proteins from 2-D gels at pH 3-10, 4-7
and 5-8. Quantification of protein abundance was analyzed using the PDQuest 2-D
software (BioRad) by measurement of the normalized OD (arbitrary units) of each
protein spot. The change in abundance of the proteins is expressed by the
calculated ratio (T/C) between mean values of spot volumes from transgenic (T)
over that from healthy control (C) samples. Student’s t-test and Mann-Whitney
Signed-Rank tests were used for calculation of p-values, while p<0.05 was
considered statistically significant. %RSD: percentual relative standard deviation.

The error is calculated based on the error propagation equation:
oz\? oz\?
— Z) A2 ) Ax2
| (5) o ()

Table 2c:

Overview of representative protein regulations (fold-changes) in EGF transgenic
mice with lung dysplasia and lung cancer. 1: up-regulation, |: down-regulation,

<. no regulation, N.D.: spot not detected/not quantifiable
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Supplementary table 1:

Serum proteins of SP-C/IQEGF transgenic mice. The MASCOT score (PMF), ions
score (PFF), the number of identified peptides, their sequence, the sequence
coverage of the best hits and supporting information are shown for each identified
protein. Mr and p/ are based on the theoretical values of the precursor. The value
from one typical spot was given if many spots were assigned as one number

(protein). O@M: oxidation at the amino acid methionine.
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Figure 5b
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Figure 6
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Table 1
No. Protein-ID Swiss-Prot Protein name
Accession #
1 ATAG8_MUSCR  P21352 Orosomucoid-8
2 ATAT2_MOUSE  P22599 Alpha-1-antitrypsin 1-2
3 ATAT3_MOUSE Q00896 Alpha-1-antitrypsin 1-3
4 A1AT4_MOUSE Q00897 Alpha-1-antitrypsin 1-4
5 ATAT5_MOUSE Q00898 Alpha-1-antitrypsin 1-5
6 A1TAT6_MOUSE  P81105 Alpha-1-antitrypsin 1-6
7 A2AP_MOUSE Q61247 Alpha-2-antiplasmin
8-A A2MG_MOUSE Q61838 Alpha-2-macroglobulin
8-B A2MG_MOUSE Q61838 Alpha-2-macroglobulin
9 ACOX3_MOUSE  Q9EPL9 Acyl-coenzyme A oxidase 3, peroxisomal
10 ACTG_MOUSE P63260 Actin, cytoplasmic 2 (gamma-actin)
11 AFAM_MOUSE 089020 Afamin
12 AIRE_MOUSE Q9Z0E3 Autoimmune regulator
13 ALBU_MOUSE P07724 Serum albumin
14 ANT3_MOUSE P32261 Antithrombin-Iil
15 APOA1_MOUSE Q00623 Apolipoprotein A-|
16 APOA4_MOUSE  P06728 Apolipoprotein A-IV
17 APOC3_MOUSE  P33622 Apolipoprotein C-lll
18 APOE_MOUSE P08226 Apolipoprotein E
19 APOH_MOUSE Q01339 Apolipoprotein H
19-A° APOH_MOUSE Q01339 Apolipoprotein H
20 APOM_MOUSE Q9Z1R3 Apolipoprotein M
21 ARAF_MOUSE P04627 A-Raf proto-oncogene serine/threonine-protein kinase
22 CFAB_MOUSE P04186 Complement factor B
23 CFAH_MOUSE P06909 Complement factor H
24 CFAI_MOUSE Q61129 Complement factor |
25 CO3_MOUSE P01027 Complement C3
26 CO9_MOUSE P06683 Complement component C9
27 COKA1_MOUSE  Q923P0 Collagen alpha-1(XX) chain
28 CPT2_MOUSE P52825 Carnitine palmitoyltransferase Il
29 EGFR_MOUSE Q01279 Epidermal growth factor receptor
30 FETUB_MOUSE Q9QXC1 Fetuin-B
31 FGF2_MOUSE P15655 Heparin-binding growth factor 2
32 GC3_MOUSE P22436 Immunglobulin gamma-3 chain C region, secreted form
33 GCB_MOUSE P01866 Immunglobulin gamma-2B chain C region secreted form
34 GELS_MOUSE P13020 Gelsolin
35 GPX3_MOUSE P46412 Glutathione peroxidase 3
36 HA10_MOUSE P01898 H-2 class | histocompatibility antigen, Q10 alpha chain
37 HBA_MOUSE P01942 Alpha-globin
38 HBB1_MOUSE P02088 Beta-1-globin
39 HEMO_MOUSE Q91X72 Hemopexin
40 IGHG1_MOUSE P01868 Immunglobulin gamma-1 chain C region secreted form
41 IGJ_MOUSE P01592 Immunglobulin J chain
42 KAC_MOUSE P01837 Immunglobulin kappa chain C region
43 KNG1_MOUSE 008677 Kininogen-1
44 KV3B_MOUSE P01655 Immunglobulin kappa chain V-Iil region PC 7132
45 KV5L_MOUSE P01645 Immunglobulin kappa chain V-V region HP 93G7
46 KV6K_MOUSE P04945 Immunglobulin kappa chain V-VI region NQ2-6.1
47 MUC_MOUSE P01872 Immunglobulin mu chain C region secreted form
48 MUG1_MOUSE P28665 Murinoglobin-1
49 MUP2_MOUSE P11589 Major urinary protein 2
50 MUP8_MOUSE P04938 Major urinary proteins 11 and 8
51 MYH14_MOUSE  Q6URW6 Myosin-14
52 NAL10_MOUSE Q8CCN1 NACHT, LRR and PYD domains-containing protein 10
53 PEDF_MOUSE P97298 Pigment epithelium-derived factor
54 PLMN_MOUSE P20918 Plasminogen
55 PPCKC_MOUSE  Q9zZ2Vv4 Phosphoenolpyruvate carboxylase
56 RETBP_MOUSE Q00724 Plasma retinol-binding protein
57 SAA4_MOUSE P31532 Serum amyloid A-4 protein
58 SPASK_MOUSE PO7759 Contrapsin
59 TETN_MOUSE P43025 Tetranectin
60 THRB_MOUSE P19221 Prothrombin
61 TLN1_MOUSE P26039 Talin-1
62 TRFE_MOUSE Q92111 Serotransferrin
63 TRI30_MOUSE P15533 Tripartite motif-containing protein 30
64 TTHY_MOUSE P07309 Transthyretin (Prealbumin)
65 VPS28_MOUSE Q9D1C8 Vacuolar protein sorting-associated protein 28 homolog
66 VTDB_MOUSE P21614 Vitamin D-binding protein
67 VTNC_MOUSE P29788 Vitronectin
68 ZA2G_MOUSE Q64726 Zinc-alpha-2-glycoprotein
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TRANSGENIC CONTROL Rati
No. pH Protein ID (Tlg)) [
m Ar3 LE] T4 T5 T6 mean  %RSD a c2 [ec] c4 s C6 mean  %RSD

8-A pH 3-10 A2MG_MOUSE 2980 2514 3039 4099 2714 2556 2984 19.68 2249 2112 1916 2681 2501 1529 2165 19.11 1.4 0.01901
8-A pH 4-7 A2MG_MOUSE 5837 5403 5757 6051 5662 5461 5695 4.25 4992 3813 4337 5272 5939 4714 4844 15.28 1.2 0.02326
8-A pH 5-8 A2MG_MOUSE 5397 4307 5576 4692 5918 4581 5078 12.59 3353 3274 3617 2628 3047 3166 3181 10.45 1.6 0.00007
8-B pH 3-10 A2MG_MOUSE 3021 2986 4833 4145 3544 3274 3634 19.96 2867 2394 2996 2567 2853 1879 2593 15.95 1.4 0.01217
8-B pH 4-7 A2MG_MOUSE 4341 4550 5360 6081 6023 6671 5504 16.75 5374 4938 4475 4708 3064 5239 4633 18.06 1.2 0.11718
8-B pH 5-8 A2MG_MOUSE 4785 5961 3506 3733 4565 3926 4413 20.47 4053 3172 2744 1947 3452 3727 3182 2371 1.4 0.02836
15 pH 3-10 APOA1_MOUSE 1793 1007 004 1486 4107 3492 2148 61.82 1054 414 1161 583 459 999 778 42.38 2.8 0.03414
15 pH 4-7 APOA1_MOUSE 2363 2670 2725 2449 2516 2076 2467 9.49 1663 2065 1238 2407 1274 2172 1803 27.03 1.4 0.01325
15 pH 5-8 APOA1_MOUSE 2503 1439 2103 1057 3037 3006 817 37.28 449 485 589 246 390 203 394 37.26 5.6 0.00035
16 pH 3-10 APOA4_MOUSE 1488 874 2036 1768 1497 1478 1524 25.39 2402 2079 3036 2866 2243 3007 2606 15.96 0.6 0.00089
16 pH 4-7 APOA4_MOUSE 2425 2123 2040 2526 2846 2646 2434 12.66 2823 2602 2600 2859 2405 2094 2564 11.07 0.9 0.46633
16 pH 5-8 APOA4_MOUSE 2285 2026 1984 1701 2168 1618 1964 13.24 2264 2588 2628 3007 2303 2544 2556 10.49 0.8 0.00305
19 pH 3-10 APOH_MOUSE 821 950 1049 794 919 1004 923 10.86 1461 788 1715 817 1526 1784 1349 32.57 0.7 0.04320
19 pH 4-7 APOH_MOUSE 1284 1662 1056 1201 647 709 1260 28.85 2295 1712 1847 1890 1311 1567 1770 18.76 0.7 0.02936
19 pH 5-8 APOH_MOUSE 807 453 782 814 966 701 754 22.63 956 919 615 362 1031 898 797 32.10 0.9 0.73822
20 pH 3-10 APOM_MOUSE 160 102 224 155 432 219 215 53.59 431 508 582 2321 1882 1222 1324 56.96 0.2 0.00519
20 pH 4-7 APOM_MOUSE 344 263 262 341 259 311 297 13.64 307 349 414 400 496 362 388 16.80 0.8 0.01526
20 pH 5-8 APOM_MOUSE 138 127 155 179 223 252 179 27.72 208 240 209 249 242 241 232 7.88 0.8 0.03515
21 pH 3-10 ARAF_MOUSE 904 1302 1638 1204 1632 1503 1364 20.93 3280 2011 1525 3333 1343 2876 2395 36.91 0.6 0.02161
21 pH 4-7 ARAF_MOUSE 2153 2207 3012 2630 2973 3275 2708 16.92 3539 2749 3364 2483 2450 3190 2963 15.71 0.9 0.36259
21 pH 5-8 ARAF_MOUSE 2162 2164 1985 2367 2131 2654 2244 10.48 2603 3572 2830 2646 2975 3709 3056 15.52 0.7 0.00373
30 pH 3-10 FETUB_MOUSE 407 365 370 334 582 286 391 26.14 437 174 337 305 283 154 282 37.45 1.4 0.09898
30 pH 4-7 FETUB_MOUSE 611 588 636 637 558 555 598 6.08 544 423 470 405 512 633 498 16.93 1.2 0.02353
30 pH 5-8 FETUB_MOUSE 569 516 444 490 453 432 484 10.73 447 410 413 431 408 479 431 6.44 1.1 0.05312
34 pH 3-10 GELS_MOUSE 2133 705 590 956 727 1413 254 47.96 772 374 1024 725 575 504 662 34.60 1.9 0.04804
34 pH 4-7 GELS_MOUSE 1140 181 986 1299 1541 1152 1216 15.44 755 953 783 804 847 669 802 11.85 1.5 0.00070
34 pH 5-8 GELS_MOUSE 703 766 745 561 522 823 687 17.40 410 638 433 374 465 348 445 23.30 1.5 0.00378
35 pH 3-10 GPX3_MOUSE 457 159 206 272 147 86 221 59.36 327 317 838 1221 751 419 646 55.41 0.3 0.02124
35 pH 4-7 GPX3_MOUSE 867 372 461 431 339 268 456 46.59 420 182 227 500 537 526 399 39.19 1.1 0.60568
35 pH 5-8 GPX3_MOUSE 709 248 298 289 243 183 328 58.13 227 267 269 186 301 365 269 22.97 1.2 0.48609
54 pH 3-10 PLMN_MOUSE 574 372 728 474 497 521 528 22.48 1131 558 479 758 817 964 785 31.15 0.7 0.04309
54 pH 4-7 PLMN_MOUSE 695 421 573 666 523 296 529 28.55 090 1506 1826 1330 1350 905 1334 24.06 0.4 0.00024
54 pH 5-8 PLMN_MOUSE 172 163 201 17 73 69 132 41.50 177 250 136 252 253 470 256 44.96 0.5 0.03864
64 pH 3-10 TTHY_MOUSE 75 372 33 28 10 29 108 123.76 1657 1022 1706 829 950 992 1193 32.25 0.1 0.00007
64 pH 4-7 TTHY_MOUSE 319 409 247 386 495 487 391 24.64 405 605 587 478 709 471 543 20.49 0.7 0.02990
64 pH 5-8 TTHY_MOUSE 55 18 240 297 519 303 239 76.89 4750 4759 6444 5860 4076 2356 4708 30.45 0.1 0.00002
65 pH 3-10 VPS28_MOUSE 1459 1787 1854 1334 1283 1317 1506 16.73 262 260 312 432 202 243 285 28.12 53 5.09E-07
65 pH 4-7 VPS28_MOUSE 288 283 397 412 352 292 337 17.22 281 242 248 294 286 230 264 10.16 13 0.01816
65 pH 5-8 VPS28_MOUSE 562 373 436 349 466 406 432 17.66 388 390 363 317 341 328 355 8.66 1.2 0.04417
66 pH 3-10 VTDB_MOUSE 4933 3755 7248 5305 3082 2322 4441 39.87 2442 2964 4542 3520 5883 1322 3446 46.61 13 0.33182
66 pH 4-7 VTDB_MOUSE 6453 5409 6410 5686 6370 5706 6006 7.61 5056 5381 4905 5860 4733 4058 4999 12.19 1.2 0.00889
66 pH 5-8 VTDB_MOUSE 6000 7108 6638 5759 6009 5289 6134 10.54 5788 6212 2937 4616 2855 2603 4169 38.22 1.5 0.01882
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Table 2b
TRANSGENIC CONTROL
No. Protein ID Ratio
T T2 T3 T4 mean %RSD € @ @ @ 5 6 mean %RSD .y P
8A A2MG_MOUSE 1290 556 1155 784 946  35.6 160 406 147 137 415 421 281 5194 34  0.00241
8B A2MG_MOUSE 2869 1603 3172 2241 2471 2819 527 1282 280 253 1021 844 701 5944 3.5  0.00094
15 APOA1_MOUSE 1234 1266 1250 1294 1261 2.03 4151 4053 4792 4079 4447 4746 4378 763 03  8.36E-08
16 APOA4 MOUSE 1340 1344 1266 1315 1316 273 1520 1735 1715 1477 1506 1877 1638 9.83 0.8  0.00480
19 APOH_MOUSE 969 787 636 872 816 173 1337 1318 142 979 81 310 85 6093 1.0 097334
20 APOM_MOUSE 126 74 122 49 93  40.47 239 9 166 216 312 206 206 3512 05  0.02167
21 ARAF_MOUSE 2676 4930 2116 1433 2789 5434 1299 7361 2143 1873 3800 2183 3110 7212 0.9  0.80997
30 FETUB_MOUSE 511 406 356 557 458  20.24 342 654 504 206 592 428 454 3634 1.0  0.97334
35  GPX3_MOUSE 414 410 463 355 411 1076 218 144 283 131 253 195 204 2929 2.0  0.00037
64  TTHY_MOUSE 2845 3807 3258 2780 3173 1491 3822 4897 2733 4051 2487 N.D. 3598 27.53 0.9  0.45943
65 VPS28 MOUSE 392 170 229 115 227  52.87 94 130 115 56 141 282 136 5680 1.7  0.18181
66 VIDB_MOUSE 4049 3882 3372 3698 3750 7.73 3766 3792 3327 2709 3503 4552 3608 16.85 1.0  0.67885




Serumproteomik zur Identifizierung tumorspezifischer Biomarker des nicht-kleinzelligen Bronchialkarzinoms

138

Table 2c

Protein

Lung dysplasia

Lung cancer

a-2 macroglobulin
Apolipoprotein A-I
Apolipoprotein A-IV
Apolipoprotein H
Apolipoprotein M

A-raf

Fetuin B

Gelsolin

Glutathione peroxidase 3
Plasminogen
Transthyretin

Vacuolar protein sorting-associated protein 28 homolog

Vitamin D binding protein

161
5.6 1
171
151
6.2 |
1.8
141
1.91
2.9
25
19.7 |
531
151

351
35
121
1.0 &
2.2
1.1
1.0 &
N.D.

2.01
N.D.

1.1
1.7 1
1.0 &
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Supplementary Table 1:
A summary of serum proteins from SP-C/IgEGF transgenic mice

issprot D

Swissprot
Accession

Protein name and aliases

Mascotscore (PMF)
matched peptides
ey

Peptide sequences from PMF

lonsscore PFF)
‘matched peptides
b

Peptide sequences from PFF.

Parent.

Geneand
synonyms

Mr (Da)
Pl

Keywords

AGB_MUSCR

P21352

Alpha-1-acid glycoprotein 8 Precursar]
AGPB

Orosomucoid-8
oM 8

72
T

YEGGVETFAHLIVLR

1738719

orma
Agp-8
oma

201

Actite phase; Glycoproteir; Secreted; Signal

AT2_MOUSE

P22599

Alpha-1-artitrypsin 1-2 [Precursar]
Serine protease infibitor 1-2
Alpha-1 protease inhibitor 2
Alpha-1-antiproteinase

AaT

147

LVQHIPR
TLVSPLGITR + 02 1M
RLVQHPR

ELSKILIR
ELDQDTVFALANYILFK

WKKPFOPENTEEAEFHVDK.
DOSPASHEIATIILGDFAISLYR
FDHFFLFIFEEHTOSPIFVGK.
AVLTIDETGTEAAAATVFEAVFLISMPPILR + 2 0@
SFQHLLOTLNRPDSELQLSTGHGLFVIIINDLK.

Serpinalb
Aat

46117
532

Acute phase; Glycoprotei; Protease irhibtor;
Seareted, Serine protease ifibitor, Signal

AT3_MOUSE

37758

Alpha-1-artitrypsin 13 [Precursar]
3

‘Alpha-1-antiproteinase
AaT

DOSPASHEIATIILGDFAISLYR
QIHFPR

24351819
981.545)

Serpinalc
Dom3
spit-3

45995
532

‘Acute phase; Glycoproteir, Protease irhibtor;
Secreted, Serine protease ifibitor, Signal

AT4_MOUSE

923897

Alpha-1-artitrypsin 1-4 [Precurs]
4

Alpha-1-artiproteinase
AlT

14

SDAQHIPR
TLVSPLGTR

TLVSPLGITR + 02 1M

ELSOFLLIIR

DQSPASHEIATILGDFALR

1HY QAEVFSVIIFAESEEAKK.
FDHFFLFIFEEHTOSPIFVGK.
TLMISPLGTRIFHINGADLSGTEENIAPLK + 0@
AVLTIDETGTEAAAATVLQUATYSIPPIVR + 0@
SFQHLLOTLNRPDSELQLSTGHGLAVIIINDLK.

Serpinald
Domd
Spit-4

4614)
524

Giycoproten; rotease inhbtor, ecreted,
Serne protease inhibkor;Signal

ATS_MOUSE

023898

Alpha-1-artitrypsin 1-5 [Precursar]
5

Alpha-1-antiproteinase
ART

ELSKFLLIR
DQSPASHEIATIILGDFAISLYR

Serpinale
Doms 5pil 5

45291
544

Giycoproten; Protease inhbtor, ecreted,
Serne protease inhibkor; Signal

AT6_MOUSE

PBI125

Alpha-1-artitrypsin 1- [Precursar]
Serine protease nfibitor 16
Alpha-1 protease inhibitor 6

151

a2

LaQIHFPR
TLVSPLGTR
TUVSPLGITR + 02 1M
RLAQHFPR
MOHLEQTLSK
ELSKFLLIR
FHINGADLSGTEENAPLK.

TLVSPLGTRIFHINGADLSGTEENIAPLK + 0@
SFQHLLOTLNRPDSELQLSTGHGLAVIIIDLK.

spit-5
Doms

45955
525

Giycoproten; Protease inhbtor, Secreted,
Serne protease inhibkor;Signal

AP_MOUSE

081247

Protein name Alpha-2-antiplasmin [Precursor]
Alpha-2:AP

Alphi-2plsmin it

Alpha-

LPLPALFK

IPIPSALPOLOEQR

FTVSVDMVHAVSYFLR + 2 02
WFLLEQPEIQUAHFFFK

VLHIITGS CLPHLLSHFY QHLGPGTR
VLHWMIT GSCLPHLLSHFY QHLGPGTR + O2IM
LHLOQQLDLVATLS OLGLGELFQGPDLR

Serpinf2
Pl

55165
585

3D-structure; Acute phase; Direct protein
sequencing Glycopratein; Protease inhibtor;
seareted. Serne protease ihibitor, Signal;
Sulfation

MG_MOUSE

os1838

Alphi-z-macrogbuln precurs]
Alpha-2:M
Fregnany zone pratein

TRHVIISGIHR
APFALQUNTLPLIIFDK.

1231504
1787.972)

Azm
Pzp

167291
527

Bt regn; Ot protinsequening
Giycoprotein; Fhosphapratein;

creed Seime protease nbir;
Signal Thioester bond

0X3_MOUSE

QEPLY

Peroxrml aybcosnaym A o 3
C1335

P
Branhes s con oicase
BRCACOX

LAVSIAR

842452)

Aco

7923)

Dy Fatty acd metabolesFvoprte Lpid
metabolism; Oxidoreductase; Peros

TG_MOUSE

PE326)

Actin, cytoplasiic 2 Garmma-actin

5

18

AGFAGDDAPR

QEVDESGPSIVHR
SYELPDGQVTIGHER

Actgl
Actg

42138
531

Acetylation; ATP-binding; Cytoplas;
eleton; Directprotein seuencing.

Wethylation; itratior, Huclotice-binding;

Phosphoprotein; Structural protein

AM_MOUSE

089322

Afamin precursor]
Alpha-albumin
Ipha-alb

coavkik
ENPAGCYR

BLTTLEOVSSVNEGCCEGDWHCIR + 02

71529

Aemative plcing. Glcoprotei; Repeat;
Secreted; Signal Transport

tE_MoUsE

QuzE3

Autaimmune regulator
yromms Ataimmine polysndocrnopithy candidass
ectodermal cystrophy protein homolog

APECED proten hareog

MAGGDGLR + 0@

SVSSPGSHLKTKPPK
GAVEGLIQQVFESGRSK.

Aire

59145
.43

ket sl Copi Dl bivdng
Wetal-binding, Hucleus, Phosphopr

est Tansonaion: Teametplon e tion
Zing, Zinc-finger

BU_MOUSE

7724

Serum aburin [Precursor]

174

2

LCAPILR
VIIDLGEQHFK.
HPDYSVSLLLR
APQUSTPTLVEAAR
RHPDYSVSLLLR
LGEY GFOIAILYR
DVFLGTFLYEVSR

AADKDTCFSTEGPIILVTR

LGEY GFQIIAILYR

14798013

Ab

i

7970
575

Cleavage on pairof basic residues Copper,
Direct protein sequencing Lipic-binding; Mietal-
binding, Phosphoprotein; Repeat; Secreted;

3_MOUSE

P32251

Antithrombin [Precursor]
AT

127

FSPEITR
EIPEQSR
LOPLDFK.
TEDGFSLK

SOLPGIVAGGR
ARPFLVLR
TSDOHFFFAK
DIPVIPLCVR
EVALITIFMGR
EVALITIFMGR + 021
FATIFYQHLADSK

VAEGTQVLELPFKGDDITIVLILPKPEK

DIPVIPLCVR

ANRPFLVLR

13597143
11987463

Serpinct
3

52484
61

Blood coagulation; Glycoprotein; Heparin-
binding, Protease infibitor, Secreted; Serine
protease inhibtor; Signal

oa1_MoUsE

Q23623

‘Apolipopratein A- [Precursor]
Apo-al

Apoa-t

185

a

EDWYR

LAELKSHPTLNEYHTR

VAPLGAELQESAR

13407999

Apoat

39569

Cholesterol metabolis; HDL; Lipid metabolim
pd tanpor Reped Secsed, Siga Straid
tabolism; Transport
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0ad4_MOUSE

P26728

‘Apolipopratein A-1V [Precursor]
poAN

ApoA-Y.

96

34

GITEGLOK
LaLTPYIGR

ALVQQLEQFR

QLEQVEEFR

ATIDQHLEDLRR
QLEQVEEFRR
LIHQMEGLAFQMK + 2 0@

QQLGPIISGEVESHLSFLEK
LOEHLKPYAVDLQDOINTOTQEMK + O@IM

LVPRAQLSGHLAKETER

223.243)

Apoad

45001
541

Chyloricron; HDL Lipid transport;
Pa\ymmpmm Repeat, Secreted, Signal

0c3_MousE

[

Apahpammem Al Precursor]
ol
Apoct

GWIDIHFR + O,
TVQDALSSVQESDIAWAR

19784313
1987.9913

Apoc3

12975
454

Chylomicron; Lipid degradation; Upid transport;
Secreted; Signal, Transport VLEL

OF_WOUSE

PI8225

Apolipopratein [Precursor]
Apot

144

a

EVOAAQAR

HEVHTMLGQSTEER + 0@
LKGWFEPIEDMHR + 0@

LOAEIFQAR

17755873

Apoe

35901
556

30-structure; Chylomicron; Direct protein
sequencing, HDL: Heparin-bincing; Lipid
transport, Repeat, Secreted, Signal; Transport;
ViDL

OH_MoUSE

Q21339

Beta-2- g»ywpmum et
Beta-2-glycof

ety

ApoH

B2GPI

Beta(2)GPI

Atnsed proten C-inding protin
APC inhibitor

152

ATVLYQGMR + 0BM
TCPRPRVFK.
WSPDPACAR
DGTEIPSCFK.
CSYTVEAHCR
TGTWSFLPTCR
KCSYTVEAHCR
VCPRAGILENGIVR

TSYDPGEQIVYSCKPGYVSR
CPFPPRPEIIGYVIIYPAKPYLLYK

VCPAGILENGIVR

15448232

Apoh
B2gp!

39934
859

Gycoprtc,Hepar bning fepes,
secreted; signal 5

OM_MOUSE

Qsz1R3

Apolipopratein
po-M
ApoM

AFLVTPR
FLLYIIR
ETGOGYOR

Apom
1ig2)

21632
5.8

HDL; Lipid transport; Secreted; Signal; Transport

AF_MOUSE

Paas27

At prtconcogens bt e nuse
EC27.

SPHSKLPSEQR

1265.651)

Araf.
Aaraf
Arafl

68223
9.27

ATP-binding; Kinase; Metalbincing; Hucleotice-
binding. Phorbol-ester binding; Phosphoprotein;
ncogene; Serine/threonine-protein

kinase; Transferase; Zinc, Zinc-finger

B_MOUSE

Pa413E

Complement factr 8 [Preursor
EC 34.21.47
s st

19

2

HYIMTDGLHIIMGGHPVTVIGDIR + 2 0BM
GGSFOLLOGGQALEYLCPSGFYPYPVQTR

(GHETCMGAVVSEYFVITASHCFMVDDQK + 2 02

cib

Ha-6f

86319
7.8

Cleaage anpar o bsc resdus Complemert
akernate pathway, Ghcoprotei; Hydrolase;
e respons Innate iy, retase;
Repeat Secteted, Seine protease; Signal Sushi;
Zymagen

AH_MOUSE

PI699

Complement factor H [Precursor]
Protein beta-1-

152

WYASHPSR
TGEQUTFR

WiGaPvCK
CUELCTPPR

TCSASDHIDIGRLSESSSIVALIR

cih
HAL

143557
55

Complement alternate pathwiay, Glycopratein;
Immune response; Innate immunty; Repeat;
seaeted: ignal Sushi

aLMoUsE

os1129

Complement factor | [Precursor]
EC 3.421.45

C3B/CAB inactivator

VANYFOWISYHVGR

1726.819)

i
cii

59471
7.3

Cleavage on pair of basc esdues Complemert
pathway, Glycoprotei, Hycrolase; Immine
response; nate immunty, Protease; Repea;
Secreted Serne protease, ignal

13_MoUSE

Pa1%27

Complement C3 [recursor]
Synonym HSE-MSF

LPYsvR
VMIIFLK

AVLFIIVR

GICVADPYEIR

VMQDFFIDLR + 02 M

AAVFIHFDGVK

RYTYLYMIIK + 0@t

KVLMEGVRPSIIADALVGK.

SELEEDIFEEDISR
AGEVIEASYMILORPYTVAIAGYALALMIIK + 2 021

187934
639

Akemtive figion; Cavage on pam basic
reshes Camplment semate path

Complement pathway; Direct protei
g, capreeint mvane respense
Inflammatory response; Innate immunity,
Phosphoprotein; Secreted; Signa; Thioester
bond

19_MoUSE

PI65E3

Complement companent C9 [Precursor]

54

23

DHIDDVISFIR

DASVTASVIADGCIKTDINGK.
TOFANIWASSLANAPALISQR
VAEESELGLTAGY GIILGIEPLR + 0B
QGCEPTQECEEIQENCGIIDFQCETGR

53217

Complement alternate pathway; Complement
pathway; Cytalysis EGF-like domain;
Sicopten; e resporse e
immurity, Membrane; Membrane attac
complex; Secreted, signl; Trmmenbrane

KAT_MOUSE

Q923p)

Collagen alpha-1000 chain [Fragrment]

54

13

TGLOGPKGIR + 0@
DLMSATKYR + 021
LOEVQTPESLE

SEVPGTRSHAVLR

HUEVETILAYYR
FFGSFHKVHIAVGHSK
LHSFLHENARPPIPFIVAETAKLGRPR

Col23al

81368
93

Alternative splicing Collager; Glycoprotein;
Repeat; Secreted

T2_MOUSE

Ps2825

Carnitine O-palmiteykransferase 2,
mitochondrial[Precursor]

EC 23121

Carntine palmitoytransferase Il
ot

EFLHCVOK.
LSSALKAGVTAAK
TEVLCKDFENGIGK.
YLSAQKPLLIDSQFR
DSVVLIFIPRMAFIPDPE + 0@

cpt2
cpt2

74538
845

Acetylation; Acykransterase; Faty acid

tabolism; Lpid metabolism; Membrane;
Witochoncrion; vitochondrion inner
membrane; Trandferase, Transt peptick;
Transport

FR_MOUSE

01279

pidermd growth factor rcepor Precsr
EC 27,12,

52

n

CHILEGEPR
PLENLOIR
TLQEIIGAVR
ICAQQCSHR
IVVWTDHGSCVR
YCTAISGDLHILPVAFK
TIQEVAGYVLIALITVER
FSHIPLCHIMDTIOWR
SHNPLIDTIONS + ot
AGCTGPR
N PGSt GONGRERR

Egfr

138187
645

ATP-binding; Glycoprotein; Kinase; Membrane;
Huckeotide-binding; Phosphopratein; Receptor,
epeat; Signal, Transferase; Transmermbrane;

Tyrosine-protein kinase; Ubl corjugation

UB_MOUSE

Q9oxct

Fetuin® [Precursor]
IRLBS

65

2

LLPFPGK.
DGYMLSLIIR + 0@

EHY QEDMGSLVLTLDVLETDCHVLSR + 02 M

Fetub

43541
617

Glycoprotein; Repeat; Secreted; Signal
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F2_MOUSE

PI5655

Heparin-binding growth factor 2 [Precursor]
Basic fibroblast growth factor

B
Prosatropin

55

49

TGQVKLGSK

Fof2
Fof2

1737
958

Angiogenesis Developmental pratein;
Differentiation; Growth factor, Heparin-binding;
Mitogen

3_MoUsE

P22435

g gamma-3 chain C region

53

7

36652
853

30-structure; Altematice spiicing Cell
membrane; Glycoprotein; immunoglobuiin C
region; Immunoglobuin domair; hembrane;
Secreted, Transmembrane

B_MOUSE

Pa1865

Ig gamma-28 chain C region

68

39

ISWFVIIVEVHTAQTQTHR
TTPPS\YPLAPGCGDTT GSSVTLGCLYK.

APQUVILPPPAEQLSR

1778.9659

1gh-3

3724
719

3D-struture; Alterative splcing, el
membrane; Glycoprotei; Immunoglabuiin C
region; Immunoglobuin domain, hembrane;
Repeat;Secteted, Tranmembrane

Ls_MousE

P1332)

Gelsolin [Precurso
Actin-depolymertzing factor
ADF

Brevin

121

27

LFACSIIR
RTPTVVR

VSHIGAGSMSVSLVADENPFAQGALR
VSHIGAGSMSVSLYADENPFAQGALR + O@M
VPVDPATYGOFYGGDSYILYIIVR
RDOPDQTDGPGLGYLSSHIANVER
IEGSIIKVPVDPATYGORY GGDSYILYIIVR

HIVPHEVQR

127571m

an
o

86287
583

3D-structure; Acetylation; Actin capping; Actin-
binding. Alternative ntatior; Calcium,

ton; Direct protein
sequencing, Phosphoprotein; Repeat; Secreted;

X3_MOUSE

PasaI2

Glutathione peroxidase 3 [Precursar]
EC111.1.9
GsHPe3

GPe3
Plasma glutathione perosidase
GSHPcP

35

19

FLYGPDGIP/IR

YVRPGGGRPIIFQLFEK

25539
8.25

Oxidorecluctase; Peraxidase; Secreted; Selenium,
Selenocysteine; Signal

12_MOUSE

Pa1898

H-2 class | histocormpatibilty antigen,
Q13 alpha chain [Precursor]

173

P

FDSDAETPR

APWIEQEGPEIWER
APWIEQEGPEYWER + O@I

FIVGYVDDTORVR
FETSVSRPGLGEPR

1671.962)
1694.939)

H2-013

7
519

Glycoprotein; Immune response; Merbrane;
MHC | Signal, Transmembrane

A_MoUsE

Pa1942

Hemoglobin subunit alpha
Hemoglobin alpha chain
Alpha-globin

128
2

2

IGGHGAEYGAEALER
TYFPHFDVSHGSAQUK

15297271
1819.874)

Hba
Hba-al

1522
5.3

Direct protein sequencing, Here; Iron; Metal-
binding Oxygen transport; Polymorphism;
Transport

B1_MOUSE

P32088

Hemoglobin ubunit beta-1
Hemoglobin beta-1 chain
Beta-1-globin

Hemoglobin beta-major chain

74

5

\VYPWTQR
DFTPAAQAAFQK
LLGHMVIVLGHHLGK + 0@t
VTAFIDGLIHLDSLK
KVITAFIDGLHHLDSLK
YFDSFGDLSSASAIMGHAK + OBM

LVWYPWIQR

12747260

Hbb-b1

15813
7.25

30-structure; Direct protein sequencing; Heme;
ron Metal-binding. Oxygen transport;
Phosphoprotein; Polymorphismy Transport

MO_MOUSE

Qo172

Hemopein [Precursor]

27

a8

LAWWLDLK
GPDSVRLIK
VWY PPEK
YYCRQGIK
DYRVSCPGR
WFADFATR
VWY PPERK
IPITSVDAAFR
FIPVTGEVPPR
KWRADFATR
WKIIPTSVDAAFR
GATVAFTGSHYWR
CSPDPGLTALLSDHR
GECOSEGVLFFQGIIR
SLPQPOKVIISLGCSQ
QATWTEVSWPHEK
GECQSEGVLFFQGIIRK.
ELGSPPGISLETIDAAFSCPGSSR

LFQEEFPGIPY FPDAAVECHR
SLGPIITCSSHGSSLYFHGPHILYCYSSIDK

LFQEEFPGIPY FPDAAVECHR

24721731

Hpx
Hpin

5249
7.52

Glycoprotein; Heme; ron; Metabbincing
Repeat;Secteted;Signal;Transport

4G1_MoUsE

Pa1868

Ig gamma-1 chain C region secreted form

8

5

APQUVTIPFPK
VISAAFPAPIEK

SVSELPIMHODWLIIGK + 021
DDPEVQFSWFVDDVEVHTAGTGPR
TTPPS\YPLAPGSAAQTHSMVTLGCLYK + 0@
SIWEAGHTFTCSVLHEGLHIIHHTEK.
DCGCKPCICTVPEVSSVRFPPKPK.

VTCVVDISK DDPEVQFSWFDDVEVHTAQTQPR

36252
7.23

30-structure; Altemative plcing Direct protein
Sequencing. Glycopratein, Immunoglobuin C
region; Immunoglobuin domair; Secreted

_Mouse

PaIs92

lg) chain

56

2

WRLIIR
CrTTMVPLR

CYTTMVPLR + Oxidation ()
HFVYHLSDVCK
IPSTEDPHEDVER

18458
a7

Giycoprotein; Signal

c_MousE

Pa1837

g kappa chain C region

63

7

SFIRIEC
WKIDGSER

HISYTCEATHK

DSTYSIISSTLTLTKDEYER + 0@t
ADAAPTVSIFPPSSEQLTS GGASVVCFLNNFYPK

11942
523

30-structure; Direct protein sequencin
Immunoglobulin C regior; Immunoglobulin
domain

G1_MoUsE

038677

Kininogen- [Precursor]

n3
1%
2

YVIEFIAR
RPPGFSPR
SGHOYMLHR
SGHQYMLHR + 02M
TDGSPTFYSFK.
CQALDMTEMAR + 0@
ENEFFIVTQTCK
ESITELAEDCEK

AYFPCIGCYHAISTDSPDLEPVLK.

RPPGFSPR

19625723

Kng!
Kng

704
6.5

Alternative splicing. Blood coagulation;
Giycoproten; Inflammatory response; Protease
inkibitor, Repeat; Secretedt Signal, Thiol
proteass inhibtor, Vasoactive, Vasodilator

38_MoUSE

PG5S

1g kappa chain V-1l region PC 7132

DIVLTOSPASLAVSLGQR

1855.927)

12057
a5

Direct protein sequencing Immunoglobulin
fomain; Immunoglobuiin  region

SL_MoUSE

PII64S

Ig kappa chain V- region HP 93G7

63

5

LHSGVPSR
TSR
DIQMTQITSSLSASLGDR
DIQMTGITSSLSASLGDR + 0@
ASQDISHIYLIWY QQKPDGTVE.

TSR

1728.568)

1217
797

30-structure; Difect protein sequencing:
Immunoglobulin domain; Immunoglobuiin
region

BK_MOUSE

P24945

1g kappa chain V-V region 102-6.1

LUYDTSILASGVPVR

1717.9659

1182)
.98

Hybridoma; immunoglobuin domain;
Immunogicbulin ' region

JC_MOUSE

a7z

Ig mu chain C region secreted form

127

33

DGFSGPAPR
ILVAMGCLAR
ILVAMGCLAR + 02M

DLHVPPAVAEMIPIVIIVFVPPR + 0@
ESATVTCLK GFSPADISVOWLOR

HPPAVYLLPPAR
GFSPADISVQWLOR

133739
16937889

Igh-5

5%25
656

Alternative splicing; Direct protein sequencing;
Glycoprotein; Immunoglobuiin C region;
Immunoglobulin domain; Secrete
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1G1_MOUSE

P28665

Murinoglobulin-1 [Precursor]
MuG1

82

n

RPEEPPR

LPICFDYGIIVPISAPR
LPICFDYGMVPISAPR + 021
MLRPLIELLPLAYIEDPK + OB

WMug!
WMug-1

166450
573

Bait region; Direct protein sequencing.
Glycoproten; Protease inhibitor, 5
Serine protease inhibtor; Signal, Thioester bond

JP2_MOUSE

[BE

Major urinary protein 2 [Precursor]
MUP2

85

pe)

EKEDNGHFR
ENIDLSTANR
LFLEQHVLEK.
FAKLCEEHGLR
DGETFQLMGLYGR + O@M
TGEWHTILASDKR

Mup2

23935

30-structure; Pheromone-binding; Secreted;
Signal; Transport

JPB_MOUSE

P24938

Major urinary proteins 11 and 8 [Fragrrent]
MUP11 and P8

128
{5}

72

EDIIGHFR
EKEDIGIIFR

ENIDLSIANR
FAQLCEEHGILR
DGETFOLMGLYGR
DGETFOLMGLYGR + 0@
TIGEWHTILASDKR
TOVDIFLMAHLIE + 02M
LFLEQHVLENSLLK
AGEVSVTYDGFNTFTIPK

Mups
Mup1t

1772
485

Pheromone-binding; Secreted; Transport

“H14_MOUSE

QBURWE

Myosin-14
WMyosin heavy chain 14

Wyasin heavy chain, nor-musdle ic
Hor-musde myosin heavy chain llc
HMHC I-C

61

ASEWLMK.
GLEAEVIR

GPLTFITR
VITEAKMK + 0@t
WIPPKFSK.

DEMAEEVASGIILSK
QLLOATIPLEAFGHIAK
ALEEEQEAREELER
LAEFSSOAAEEEEKVK
HSQALVEMAEQLEQARR + 0@
ITDQATMPDITAAQKLCR
LORAQAELESVSTALSEAESK
AAEQAASDLRTOVTELEDELTAAEDAK

Wyh1a

229359
549

Acetylation; Actinbincing; Aferative splcing.
ATP-binding; Calmodulin-binding. Cell shape;
Caoled col; Motor protein; Myos; fucleotide-
binding, Phosphoprotein

L13_MousE

Qaccin

HACHT, LRR and PYD domains-containing protein 13

63

15

LLLMATSSSGGR + 0@

EHVRCLEER
LISMYGAQEAVRYVSR + 0@
ETYFSSCFIDKEQLK.

VLV GFSEEERETYFSSCFTDK.
SLLAMILMELVDYLIQVCLIDYREN R

Halp1

77288

30-structure; ATP-binding: Nucleotide-binding

SF_MoUsE

P97298

Pigment epithelumderived factor [Precursor]
PEDF

Serpin-F1
Stroml cell-derived factor 3
SDF-3

Caspin

57

23

SSFVAPLEK.
1QAVLTVPK

SSFVAPLEKSY GTRPR

TILQDFHLDEDRTVR

LTFPLDYHLIGPFLVLR
SSASPTGHIVLLSPLSVATALSALSLGAEHRTESVIHR

Serpinfl
Pedf
sdf3

45252
.48

Direct protein sequencing, Gycoprotein;
secreted, signal

“H_MOUSE

23918

Plasminogen [Precursor]
34217

22

51

WIER
LLEPIIR
SSRPEFYK
SEQTPHR
HLEENYCR
CDPR
WMRDVILFEK + 0@

COSWAAMFPHR + 0B
VCHRVEVLIIR

VIPACLPSPIYIVADR + 02M
CTTPPPPPSPTY QCLK

FTGQHFCGGTLIAPEWVITAAHCLEK
WGATFPHVPIIYSPSTHPIIEGLEENIYCR

Pl

9345)
621

Blood coagulation; Cleavage on pai of basic
resdues Direct protein sequencing Fibrinolysis;
Hydrolase; Kringle, Protease; Repeat; Secreted,
Serine protease, Signal, Tssue remodling,
Zymogen

ZKC_MoUsE

Qszava

Phosphocnolpyruvate carboxykinase, ctosolic [GTH
1132

EPCK-C
Phosphocnolpyruvate carboxylase

&1

22

THLAMMIPSLPGWK + 01
DGKFLWPGFGEIISR

EISFGSGYGGIISLLGKK.

VLEWMFGREGEDSAK + 0B
YLAHWLSIIAHRPAAKLP.
IMTRMGISVLEALGDGEFIK + 0@
GLGGVIIVEELFGISKEPWEK.
VECVGDDIAWNKFDAQGHLR
THLAMMIPSLPGWKVEC! GDDIAWK + 0@

Pkl
Pepek

72051

Cytoplasm; Decarbarylase; Gluconeogenesis
GrP-binding; Lyase; Hucleatide-binding

TBP_MOUSE

Q724

Plasma retinol-bincing protein [Precursor]
PREP

REP

166
2

3

YWGVASFLOR
LOILDGTCADSYSFVFSR

12266313
279.9351

Rbp4

23533

Retinol-binding; Secreted, Signal; Transport;
Vitamin

4_WOUSE

P31532

Serum anyloid A-4 protein [Precursor]
Amyloid A5 protein

91

a3

TPHHFRPEGLPEKF
DILEANYQHADQYFYAR

Saad
Saa5

15136
93

Actite phase; Amyloid; Direct protein
sequencing, HDL, Secreted; Signal

A3K_MOUSE

37759

Serine protease infibitor A3K [Precursar]
Serpin A3K
Cortrapsin

P2

FSASIVR

MQQVEASLOFETLR
MOQVEASLQFETLR + 0@
MOQVEASLOFETLRK
HPRDEELSCSVLELK.
AVLDVAETGTEARAATGVIGGIR
ALYQTEAFTADFQQPTEAK
ISFOPQDTFESEFYLDEKR

AVLDVAETGTEARAATGVIGGIR

2422160

Serpina3k
W

spi2

a2
55

Direct protein sequencing. Glycoprotein;
Protease infibitor; Secreted; Serine protease
inhibitor; Signal

T_MOUSE

P35

Tetranectin [Precursor]
™

C-type lectin domain famiy 3 member B
Plasminogen kringle 4-bincing protein

5

2

QALQTVCLK

AENCAALSGAANGKWFDK.

Tna

224
55

Lectin secreted; Signal

RE_MOUSE

P19221

Prothromin [Precursor]
EC34215
Coaguiation factor I

168

29

VTGWGIILR

ar
GIAPWOUILFR

1IPDSSTTGPWCYTTDPTVR
ETWTTHINEIQPSVLOWHLPIVERPVCK.

YGFYTHVER

1895473

F2
ci2

71649
6.4

30-structure; Acute phase; Blood coagulation;
Calcium, Cleavage on pair of basic resices

mma-carboxygtamic acic, Glycoprotein;
Hydrolase; Kringle, Protease; Repeat; Serine
protease; Signal, Zymogen
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11_MousE

P25739

Talin-1

LAQAAQSSVATITR

1415.58)

Tint
Tin

ez
582

30-structure; Cell membrane; Cellprojectior;
Cytoplasm, Cytoskeleton; Membrane;
Phosphoprotein; Structural protein

E_MOUSE

Qa1

Serotrandertin [Precursor]
Transerrin

Siderophilin

Beta-1-metak bincing globulin

21

a3

DSAFGLLR
SCHTGLGR

YLGAEYMQSVGIIIVR
TAGWHPMGMLYIIR
YLGAEYIMQSVGIIIR + 01
TAGWHIPMGMLYIIR + 0@
KPVDQYEDCYLAR
FDEFFSQGCAPGYEK
ADRDOYELLCLDITR
ILKQEDFELLCPDGTR
GDVAFVKHQTVIDITEGK.
CAPHIKEEVIIGYTGAFR
DFASCHLAQARHIH\WSR
HOTVLDITEGKIIPAEWAK
AVLTSQETLFGGSDCTGIFCLFK.

LYLGHIVTAR
DFASCHLAQARIIH\SR

1419.838)
238,148

T
Tt

78841
6.94

Direct protein sequencing. Glycoprotein; lon
transport, Iron; ron transport, Mital-bincing,
Wethylation; Phosphoprotein; Repeat; Secreted;
Signal, Transport

32MoUsE

P15533

Tripartite matif containing protein 3)
Down regulatory protein of interleukin-2 receptor

63

15

ILHSQIK
LRLFCR

HHAVIARK

RTFQAPDLK

AKICDEWGDDLOLOR
QIQVRSYINTVPVSEVHLGVLGYPALSSGK.

Trim3)
pt-1

Rpt1

58376
656

30-structure; Alterative splicing DIA-binding;
Wetal-binding, Hucleus, Transcription;
Transciption regulatior; Zinc, Zine-finger

AY_MoUsE

P7309

Transthyretin [Precursor]
Prealbumin

14
2

2

GrvR
TLGISPFHEFADVVFTANDSGHR

869.433)
217.2361

1588)
577

30-structure; Ghcoprotein; Hormone; Retinol-
binding. Secreted; Signal, Thyroid hormone;
Transport Vitamin A

528_MOUSE

Qspica

Vacuolar protein sorting-assaciated protein 28 homolog

Caspase-activated Dilase inhibitor that interacts with
sK1

cia

LERAWDEIQPDLR
LERAWDEIQPDLR + 021
QUOGSEISSIDEFCRK
YDIMAELFAVVKTMOALEK +2 0@
AMDEIQPDLRELMETIH + 2 021!
QTVSQWLOTLSGIMSASDELDDSQVR
FHGIPATPGVGAPGIIKPELYEEVKLYK.

Vps28

25721
537

Protein transport; Transport

DB_MOUSE

P21614

Vitamin D-binding protein [Precursor]

Group-specific component
Ge-globuin
VDB

132

5

SLSULYSR

KLCMAALSHGPQEFPTYVEPTIIDEICEAFR + O@M

VPTANLENVLALAEDFTELSR

24413169

55162
539

Adtin-binding Direct protein sequencing,
Glycoprotein; Repeat; Secreted, Signal;
Transport Vitamin D

He_MoUSE

P29788

Vitronectin [Precursoi
Serumspreaing factor
5-prot:

19
2

GOV CYELDETAVRPGYPK
LIQDVWGIEGPIDAAFTR

2145.990)
29104

Vin

55613
567

Cell adhesion; Direct protein sequencing;
Giycoprotein; Heparin-binding. Phosphoprotein;
Repeat;Secréted,Signal; Sulfation

26_MoUsE

Q54728

Zin-alpha-2-gly copratein [Precursor]
Zn-alpha-2-glcoprotein
Zn-alpha-2.GP

63

2

LAFEPER
CLAYGFYPOR

AREEFLVTLK
GFSQSLSVOWDR
YAYDGEDFIEFIIK
FOATAFLIIDQAFFHYIISHSGK

Azgpt

35452
583

Giycaprotein; Proidane carborylc acd;
secreted; signal
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