Aus der Klinik und Poliklinik fur Dermatologie und Allergologie
der Ludwig-Maximilians Universitét
M inchen
Direktor: Professor Dr. med. Dr. h.c. Gerd Plewig

Stress and Growth Related Keratinocyte Pathways.

| nvestigation of the Novel Immediate Early Gene
|EX-1in Primary Human Keratinocytes
and the HaCaT Human Keratinocyte Cell Line

Dissertation
zum Erwerb des Doktorgrades der Medizin
an der Medizinischen Fakultét der
Ludwig-Maximilians Universitdt zu Minchen

vorgelegt von
David Alexander Schilling
aus Munchen

2003



Mit Genehmigung der Medizinischen Fakultét
der Ludwig-Maximilians Universitét zu Minchen

1. Berichterstatter:
2. Berichterstatter:

Mitberichterstatter:

Mitbetreuung durch den
promovierten Mitarbeiter:

Dekan:

Tag der mundlichen Prifung:

Prof. Dr. med. Dr. h.c. G. Plewig
Prof. Dr. med. G. Enders

Prof. Dr. med. M. Schleicher
Prof. Dr. med. W. HOrz
Dr. med. D. Peus

Prof. Dr. med. Dr. h.c. Klaus Peter

09.01.2003



In Liebe und Dankbarkeit
meinen Eltern

gewidmet



Der experimentelle Teil der vorliegenden Arbeit wurde im Zeitraum September 1998
bis Oktober 2000 im Rahmen eines wissenschaftlichen Austauschprogramms der
Klinik und Poliklinik fir Dermatologie und Allergologie der Ludwig-Maximilians
Universitdt Minchen und des Department of Dermatology Research der Mayo Clinic
Rochester, USA an folgenden Laboratorien durchgefhrt:

Laboratory for Molecular Biology and Dermatology Research
Laboratory for Biochemistry and Nephrology Research

Mayo Clinic Rochester, Minnesota/USA

Teilergebnisse und Vorarbeiten der vorliegenden Arbeit wurden veréffentlicht und
auf internationalen Kongressen vorgestelIt:

»1EX-1, an Immediate Early Gene, Increases the Rate of Apoptosisin Keratinocytes"
D Schilling, MR Pittelkow and R Kumar
(2001) Oncogene 20: 7992-7997

»|EX-1 Induces Cell Proliferation or Apoptosis. Growth and Stress Related Eventsin
Keratinocytes* D Schilling, K Feldmann, R Kumar, K Squillace and MR Pittelkow
61% Annual Meeting of the Society for Investigative Dermatology, Chicago May 2000

»|EX-1 Expression and Protein Localization in Normal and Pathologic Skin“ KA
Feldmann, D Schilling, JP Grande, R Kumar, A Sekulic and MR Pittelkow
61% Annual Meeting of the Society for Investigative Dermatology, Chicago May 2000

» Thallium Inhibits Proliferation, Modulates Signal Transduction, and Alters Terminal
Differentiation in Cultured Keratinocytes® C Krautmacher, D Peus, K Squillace, D
Schilling, JL Arbiser and MR Pittelkow

60" Annual Meeting of the Society for Investigative Dermatology, Chicago May
1999



Table of Contents

Table of Contents

I o LK o) B @0 01 = o1 KSR i
F N o] o = VT 0] TSRO P PR RRR i
|, ZUSBMIMENTESSUNG .....c.veveterieeiieieee ettt sttt ne e b e ne e iv
I 0 = o SRR Vi
I g1 0o [0 Tox i o] o IO S ST 1
1.1 Epidermis; Structure and Differentiation..............coererereneeieeiesesesese s 2
1.2 The Human Epidermal Growth Factor Receptor (EGFR).........cccceevvveveeciennenne 4
1.3 Apoptosis and its Role in the EpIidermis..........cccccoveceveciecce s 5
1.4 The Immediate-Early-X-Ray-Gene-1 (IEX-1)......ccccoirirerienieeeienenese e 7
1.5 ObjeCtives Of the SEUAY........cceiiiiriiieriee e 9

2. MaterialS and MEtNOOS .........oouiiieeeie e e 11
2L MEENTEIS ..o bbb nae s 11
2.1.1 ChEMICAIS ...eevecieeeieiieee ettt et sa e b nreens 11
2.1.2 Tissue Culture Materials and Working SOlULIONS...........cccceeerencnencniene. 11

2. 1.3 DNA VECIOIS ..c.vevirieeiieiieiesie sttt sttt e b e ens 14
2.1.4 Antibodies, Ligands and INhibitors............cccoeoeiieiecieceese e, 14
2.1.5 Solutions for IMMmMUNOSEAINING .......ccererreieeeree s 15
2.1.6 RNA SOIULIONS .....coiueeieeeiieiesie et et nneesaesneenes 15
2.1.7 RadiOaCtiVe MaENIaAlS........coeieirie i 16
2.1.8 Molecular Size Markers........coooeieieeiineiee s 17
2.1.9TeChNICAl DEVICES........eeouieieeiieie ettt sre s 17

2.2 Cell Culture and Cell LINES ........coceviriirinieieieiesiesie st 18
2.2.1 Preparation of FOreskin SPeCIMENS........ccccvveieeeiieesieecieesee e s e 18
2.2.2 Passing the Cell CUITUIES .........ocoiiiieeeeee s 18
2.2.3 Culture of HACaT CellS.......cooviiiiiriieee e 18
2.2.4 Transfected HaCaT CallS......cooviiiniiiiieieee e 19

2.3 Plasmid and Fragment Preparation.............cceovererererineneneeeeeeeesesee e 19
2.3.1 Transformation, Selection and Amplification of Bacteria...........ccocevereenee. 19
2.3.2 Plasmid/Fragment Preparation.............ccccceeveeieeieesieeieeseeseesee s e 20
2.3.3 TraNSFECHION.... .o e 20
2.3. 4 Plasmid CONSIIUCES ......ccoveiueerieeieseesieeie e ste e sreesse e sseeseeeeesseeseesseesseenees 20

2.5 Northern (RNA) ANAYSIS...c.oiieeiecie et 21
2.5.1 Oligo-dT Cellulose Preparation............coceccveieecieesie e 21
2.5.2 MRNA [SOIGLION. ......eeiieeiieiesieeie e esreees 21
2.5.3 Gel Electrophoresis and Transfer ........ccvvveieeeeveeseeieseese e 22
2.5.4 Preparation of CDNA Probes..........cccoooeeevicce e 22
2.5.5 Hybridization, Exposure and Stripping ........ccoccoeeereneneeieeneeseseeseeseseeenes 23
2.5.6 AnalyZiNg the BIOLS .......cooviiiiie s 23

2.6 IEX-1 — Protein LOCAliZatION .........cccevviriirieieieie et s 23
2.6. 1 IEX-1 IMMUNOSIAINING......ceeiiiiiiieiie ettt sree e 23



Table of Contents

2.6.2 Localization of GFP-tagged IEX-1 .......cccceovieiieciieiee e 25

2.7 [2H]-Thymiding INCOrPOration ASSAY ..........occevereereimeeresinssissesssssssnsssssssssaneens 26
2.8 APOPLOSIS ASSAYS ..uveiueereeieeueesreestesseesseesseaseesseessessessseessesseesseessessessseessessenssennses 26
2.8.1 Caspase 3 ACHVILY ASSAY ....ccvcceeieeiieeie ettt 26
2.8.2 NUCIEOSOME ELISA ...t 27

2.9 LUCITEIESE ASSAY.....ueiuirieriieieitesie sttt sttt sttt sbe bttt ettt snesbe i 27
2.10 Cell TrEAIMENL ....oviieeeiieiieieie ettt s b e e bt e srenne s 28
2.10.1 Gammar 1T AIION ....c...eieeeieeee et e 28

2 L0 I W AV S g = [ o] 28
2.10.3 ChemicCal TreaIMENT .......ccoceiire et 29
2.11 Experimental Setups and StaliStICS.......cecvveeiieeiie e 29

B RESUIES. ..t b e renae s 30
3.1 Effects of Apoptotic or Mitogenic Stimuli on TEX-1.......cccvovvieieiinenenenee 30
3.1.1 IEX-1 Expression after g-Radiation..........cccccveeeveeveeie e 30
3.1.2 IEX-1 Expression after UV-B Radiation..........ccccccevvceeieeiiiesee e, 30
3.1.3 1EX-1 Expression after HoO2-Treatment ...........cccoveveveninienieiecsese e 31
3.1.4 Stimulation With EGF .......cccoiiiieceee e 31
3.1.5 Summary on Stress-Inducing and Mitogenic Treatment .............ccccccveneee. 34

3.2 Effects of Apoptotic Stimuli on IEX-1 Expression in HaCaT Cdls.................. 34
G720 RO AV = O = [ o] o 34
3.2.2 CamptotheCin INCUDELION.........cccviieeieeie e 35

3.3 IEX-1 Promoter ACHVILY....cccveiieciie ettt 36
3.4 Localization of IEX-1 Protein in HaCaT CellS.......cccocevveivveneeieceneee e 37
3.4.1 IEX-1 Locdlization in HaCaT Cellsby GFP-Tagging........cccecveveereereernene 37
3.4.2 1EX-1 Immunostaining in HACaT Cells........cccccoveviviieiiieceesee e 38

3.5 1EX-1 Overexpression - Influence on Cell RESPONSES.........cccvvveveiciienienicriene. 40
3.5.1 IEX-1 Overexpression: mRNA Levelsin Transfected HaCaT Cdlls.......... 40
3.5.2 [3H]- Thymidine Incorporation Growth Assays: ZEO versus IEX Cells.... 40
3.5.3 Induction of ApoptosisinlEX-1 Overexpressing Cell Lines...........c........ 42
3.5.4 SErUM DEPIIVA ..o 47

3.6 Locaization of 1EX-1 1N SKIN TISSUE......ccceriririerieriesiesiesiesesee e 49
IR 011 o P 50
4.1 Discussion Of MEthOAS..........ccoiiiiii e 50
4.2 DISCUSSION Of RESUILS....c..eiieieiieie et 53
4.3 CONCIUSIONS......cuieieiieesieeiesee e eee s e te e te e s seesee e esseeseeneesseesesneesaeenseeneenns 64
4.4 Future Perspectivesin [EX-1 ReSEarch..........cccoveveeveececse e 65

5. SUMIMEIY ...ttt b e r et ne bt e e nr e e s e ennenneennas 67
B. REFEIENCES. ... e b s 68
Figures and TalIES........ocuiieece et enne e 78
ACKNOWIBAGEMENTS.......otiieeeee et 79
LEDENSIAUT ... e 80



Abbreviations

Abbreviations

BPE
BSA
CDK
DEPC
EGF
EGFR
FASL
FITC
GAPDH
GFP
HaCaT
HK
IEX
IEX-1
IEX-1L
LSM
Mgr
PBS
PCD
PKC
ROS
SDS

TBS
TE
TIS
TPA
Tris
UVR
ZEO

Bovine Pituitary Extract

Bovine Serum Albumine

Cyclin Dependent Kinase
Diethylpyrocarbonate

Epidermal Growth Factor

Epidermal Growth Factor Receptor

FAS Ligand

Fluorescein-|sothiocyante

Glycera dehyde- 3- Phosphate- Dehydrogenase
Green Fluorescent Protein

Human adult low Calcium high Temperature
Human Keratinocytes

HaCaT cdll line overexpressing the IEX-1 gene
Immediate Early X-Ray Gene 1

Long variant of IEX-1

Laser Scanning Microscope

Molecular Mass

Phosphate Buffered Saline

Programmed Cell Death

Phosphokinase C

Reactive Oxygen Species

Sodium- Dodecylsulfate

Sodium Chloride/Sodium Citrate

Tris Buffered Saline

TriEDTA

Transcription Initiation Site
12-0-Tetradecanoyl- 13-Acetate
Tris(hydroxymethyl)aminomethane
Ultraviolet Radiation

HaCaT transfected with sham Zeocin expression vector



|. Zusammenfassung

|. Zusammenfassung

Zelluldre Mechanismen as Antwort auf Zellstress oder Zellschdden spielen eine
wesentliche Rolle in der physiologischen Verteidigungsstrategie gegen
hyperproliferative Krankheiten, genotoxische Schéden, Mutationen oder maligne
Entartung. Die Expression von Immediate Early Genen, die nachfolgende zellulére
Ereignisse initiieren und koordinieren, ist ein wichtiger erster Schritt der zellularen
Stressantwort.

IEX-1 ist ein vor kurzem entdecktes Immediate Early Gen, von dem gezeigt werden
konnte, dass es durch die Einwirkung von Gammastrahlen, Phorbolestern und
Ultraviolettstrahlung induziert wird.

Ziel dieser Arbeit war es, die Funktion von IEX-1 in der Stressantwort von
Keratinozyten genauer zu charakterisieren. Nicht nur die zelluldre Antwort auf Stress,
sondern auch die mitogene Stimulation und die Rolle von 1EX-1 in Bezug auf
Apoptosereaktionswege sollten untersucht werden. Weiteres Interesse gat der

Analyse der IEX-1-Proteinlokalisation wahrend dieser Ereignisse.

Mit Hilfe des Northern Blot Verfahrens konnte gezeigt werden, dass IEX-1 nach
Gamma-Bestrahlung von priméren menschlichen Keratinozyten innerhalb von
Minuten induziert und dann sehr rasch wieder herunter geregelt wird, dhnlich wie
schon zuvor mit einer KeratinozytenTumorzelllinie gezeigt wurde. AulRerdem
bewirkte UV-Strahlung und Behandlung mit reaktiven Sauerstoffradikalen eine
rasche, aber voribergehende Induktion von IEX-1. Zusétzlich rief die Inkubation der
Keratinozyten mit epidermal growth factor (EGF) erhohte steady state Spiegel von
IEX-1 mRNA hervor.

Ahnliche Beobachtungen konnten an der HaCaT-Zdlllinie, einer nicht-tumorigenen
Keratinozytenlinie gemacht werden.

Die Regulation der IEX-1-Genexpression durch den epidermal growth factor-
Rezeptor (EGFR) wurde mittels eines IEX-1-Promotor — Luciferase Assays
untersucht. Dabel wurde der EGF-Rezeptor mit dem hochspezifischen EGFR-
Tyrosinkinaseinhibitor PD153035 blockiert. Der Rezeptorblockade folgte ein starker
Ruckgang der 1EX-1-Promotoraktivitét.



|. Zusammenfassung

Die Auswirkungen der Uberexpression von |EX-1 in HaCaT-Zellen wurde untersucht.
Wachstumsstudien mit [3H]-Thymidin-Inkorporationsassays ergaben, dass |EX-
Uberexpression das Wachstum beschleunigt. Um die Auswirkungen von |EX-1 auf
die Apoptose zu untersuchen, wurden IEX-1 Uberexprimierende HaCaT-Zelen mit
ultravioletter Bestrahlung, dem DNA-toxischen Agens Captothecin oder Serumentzug
behandelt. Die Apoptoserate wurde mittels Caspase-3-Enzymaktivitdt und
Oligonucleosomenbildung im Zellplasma quantifiziert. Die entsprechenden Assays
konnten erstmalig fur adhérente Keratinozytenkulturen etabliert werden. Unter
normalen Wachstumsbedi ngungen ohne Stress konnte kein Unterschied in der basalen
Apoptoserate  zwischen |EX-1-Uberexprimierenden Zellen und Kontrollzellen
beobachtet werden. Wurden die Zellen jedoch Stress ausgesetzt, dann trat in den IEX-
1- Uberexprimierenden Zellkulturen in erhbhterm Mal3e Apoptose auf.

Das IEX-1-Protein konnte mit immunhistochemischen sowie molekularbiologischen
Methoden vorwiegend im Zellkern lokalisiert werden, wo es sich in unterschiedlicher
Verteilung zeigte. Stressinduzierende Behandlung der Zellen konnte keine
Trandokation des Proteines oder eine Verdnderung im Verteilungsmuster bewirken.
Untersuchung an menschlicher Epidermis mittels immunhistochemischer Farbung
zeigte, dass IEX-1 hauptsachlich in den basalen und suprabasalen Schichten der

Epidermis exprimiert wird.

Mit diesen Ergebnissen konnte erstmals gezeigt werden, dass |EX-1 eine wichtige
Rolle sowohl in der Kontrolle der Apoptose als Folge von Zellstress, as auch in der
Vermittlung von Zdlreplikation unter optimalen Wachstumsbedingungen zukommt.
Die Wirkung von IEX-1 scheint dabel eng an den Differenzierungsstatus der
Keratinozyten gebunden zu sein. Als Produkt eines Immediate early Gens spielt IEX-1
eine  Rolle in der Vermittlung von  Keratinozytenwachstum  und
K eratinozyteniberleben, ahnlich wie die wichtigen Zellzyklusproteine p53, p21@! c-
myc und andere verwandte Proteine. Damit zeichnet es sich ads en welterer
elementarer Baustein im Mosaik der Reaktionswege zur Regulierung von

Zellwachstum und Bekdmpfung von maligner Entartung ab.



1. Abstract

1. Abstract

Cellular stress and damage response mechanisms play a crucial role in physiological
defense against hyperproliferative diseases, genotoxic injury, mutations and
malignancy. An important first step in the cellular stress response is upregulation of
immediate early genes that initiate and coordinate subsequent cellular events.

IEX-1 is a novel immediate early gene that has been shown to be induced by gamma
irradiation, phorbol ester treatment and ultraviolet irradiation.

Goal of this thesis was to more specifically characterize the role of IEX-1 in
keratinocytes. Special emphasis was directed to elucidating the cellular response to
stress and mitogenic stimulation and the role of 1EX-1 in mediating apoptosis as well

as localizing the protein within the cell during these events.

By northern blot analysis, it could be shown that gamma irradiation of primary human
keratinocytes results in a time dependent, rapid induction of IEX-1 expression
followed by prompt downregulation, similar to previous findings in a squamous cell
carcinoma cdll line. In addition, UV-irradiation or treatment with the reactive oxygen
species hydrogen peroxide also induced IEX-1 expression rapidly and transiently.
Further incubation with the mitogenic factor for keratinocyte Epiderma Growth
Factor (EGF) resulted in increased steady state levels of |EX-1 mRNA.

Compared to normal keratinocytes, similar observations were made in the non
tumorigenic keratinocyte cell line HaCaT .

Regulation of 1EX-1 gene expression by the EGF-Receptor (EGFR) was investigated
using an |EX-1-promoter- luciferase-reporter-gene assay and blockage of EGFR by the
highly specific EGFR-tyrosine kinase inhibitor PD153035. Blockage of the receptor
was followed by a marked decrease in IEX-1 promoter activity.

Effects of IEX-1 overexpression in HaCal cells were investigated. [IEX-1
overexpression enhanced proliferation, as confirmed by [3H]-thymidine incorporation
assay. To examine the effects of IEX-1 on apoptosis induced by various agents, 1EX-1
over-expressing HaCaTl were challenged with ultraviolet radiation, the DNA
damaging agent camptothecin or serum-deprival. Cell survival, caspase 3-activity and

nucleosome formation were measured to assess apoptosis. There was no difference

Vi



1. Abstract

observed in baseline apoptotic activity of cells cultured under non-stressed conditions,
when comparing the IEX-1 overexpressing and the cortrol cell line. However, upon
stress-induction, the 1EX-1 overexpressing cells showed markedly higher levels of
apoptosis.

Data characterizing the intracellular localization of IEX-1 were obtained by
immunohistochemical staining as well as by molecular biological methods. IEX-1 was
predominantly located within the cell nucleus, forming severa intranuclear patches.
Treatment with various stress-inducing agents did not significantly ater the
localization or cause transocation of the IEX-1 protein.

Distribution of IEX-1 within the skin and epidermis was assessed by
immunocytochemistry of human skin specimens and revealed predominant
localization of IEX-1 within the nucleus and cytoplasm of the basal epidermal and
suprabasal layers.

These findings implicate 1EX-1 in the control of apoptosis upon cell stress as well as
promotion of cell replication during favorable growth conditions. The function of
IEX-1 seems to be closely linked to the differentiation status of the keratinocyte. As
an immediate early gene product, IEX-1 is a novel regulator of keratinocyte growth
and survival, similar to other critical cell cycle control proteins, such as p53, p21@?,
c-myc and related proteins. This suggests that |EX-1 is another crucial element in the
pattern of regulatory pathways of cell growth and defense against malignant

transformation.

vii






1. Introduction

1. Introduction

Molecular mechanisms mediating the cell response to damaging stress have recently
gained scientific interest. These cellular responses play crucia roles in preventing
tumorigenesis or dysregulated and excessive cell growth. Many of the mechanisms
and agents that lead to cancer growth, such as exposure to sunlight or toxic chemical
agents, and their impact on the damage of the cellular genome are beginning to be
identified [1,2]. However, little is known about the specific intracellular molecular
mechanisms that suppress or promote tumorigenesis. A more complete understanding
of the control, function and mode of action of these molecular stress responses will be
important in future therapeutic approaches against cancer and other hyperproliferative
diseases [3].

Critical physiologica defense mechanisms protecting against malignant mutation
after exposure of cells to DNA damaging events include cell cycle growth arrest and
DNA repair or cell death, including apoptosis, the latter being a form of programmed
cell suicide. Either of these cellular decisions is a suitable mechanism to prevent a
mutated cell from entering a hyperproliferative state and endangering the whole
organism[4,5]. Some of these defense mechanisms are initiated and controlled as part
of the immediate early cell stress response that occurs within minutes to one hour of
the event. The early phase of the gress response is associated with activation of
intracellular kinase pathways that lead to rapid and transient induction of so-called
immediate early genes and transcription factors that, in turn, regulate progression
through the cell cycle or growth arrest, DNA and cell repair, or apoptosis [6-8]
(Figure 1).

IEX-1 is a novel member of the immediate early response gene family. It is rapidly
induced by known carcinogens, such as g and UV-B radiation, and the tumor
promoting agent 12-0-tetradecanoyl-13-acetate (TPA) [9]. IEX-1 seems to enhance
proliferation, and its expression might be regulated by cellular differentiation[10,11].
However, the function and regulatory pathways in IEX-1 expression and activity
remain undefined. The investigations in this thesis further characterize the role of
IEX-1 in terms of cell growth, differentiation and apoptosis, using a keratinocyte

culture modd!.
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Immediate-early
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Figure 1. Cellular Stress Responses. Cells ae stressed by different stimuli that can lead to DNA
damage. DNA damage results in activation of different enzymatic pathways that eventually lead to
changes in cell cycle progression. The cell may enter a growth arrest phase, proceed to irreversible
terminal differentiation, repair the cell damage or, in case of irrepairable damage, undergo programmed
cell death. p53 is an important cell cycle regulatory gene that plays a key role in mediating either
repair, apoptosis or terminal differentiation. Immediate early genes influence the future destiny of the
cell.

1.1 Epidermis: Structure and Differentiation

The epidermis is a highly differentiated and specialized tissue with morphologically
distinctive strata of keratinocytes that form discrete, functionally different layers
[12,13]. In the basal layer, undifferentiated stem cells are found. With their controlled
mitotic activity, stem cells are responsible for the continous self-renewing growth
characteristics of the epidermis [14,15]. During this process, daughter cells migrate,
after few cycles of amplification, in about four weeks from the basa layer to the
surface where the then cornified and nonviable cells finally are desquamated [14,16].
The metamorphosis from the postmitotic, barely differentiated keratinocyte to the
fully cornified, enucleated corneocyte is called terminal differentiation and has been
considered by some investigators being a form of programmed cell death [17-19].
Early in the course of termina differentiation, the cell irreversibly looses its ability to
progress through the cell cycle and replicate [20]. It is likely that loss of ability to
divide and induced expression of the differentiated phenotype are closely linked
events [20,21]. The phenotypical changes are marked by changes in cell size and
shape, and are accompanied by dehydration [22]. On their way to the surface the
keratinocytes express a variety of enzymes, cytoskeletal and membrane proteins that

are typica for the different layers in the epidermis. They can be regarded as
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differentiation markers. Involucrin and transglutaminase are early differentiation
markers in the stratum spinosum, while loricrin, filaggrin and differentiated keratins
are widely expressed throughout the stratum granulosum [13,22,23] (Figure 2).

The molecular mechanisms regulating initiation and commitment to terminal
differentiation still are poorly understood. There is evidence that not only interaction
of para and autocrine soluble growth factors with their receptors, but also
communication between the extracellular matrix and membrane-bound integrin as
well as shape and tension of the replicating keratinocyte influence subsequent cellular
development [24,25]. Signaling cascades induced by these mediators eventually lead
to the regulation and expression of immediate early genes that encode for
transcription factors. These transcription factors, in turn, control genes that eventually

lead to changes in cell cycle progression and induction of terminal differentiation or

apoptosis [22,26,27].
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Figure 2. Structure of Epidermis (modified from Montagna and Mischke [13]) The epidermis
consists of different layers that are characterized by morphology and expression of distinct

differentiation markers.
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1.2 The Human Epidermal Growth Factor Receptor (EGFR)

EGFR is widely expressed on nucleated cells, except for melanocytes and select cell
lineages within the hematopoetic system [28]. In norma human skin, EGFR shows a
typical distribution pattern with greatest abundance in the basal, proliferative layers
and lower abundance in the upper, differentiated layers [29]. Altered EGFR
expression is associated with a variety of pathological conditions. For example, EGFR
is expressed throughout al epidermal layers of various hyperproliferative skin
diseases, such as psoriasis [30,31]. Many epithelial cancers show overexpression,
amplification or mutation of EGFR, with exaggerated EGFR expression, being
associated with a poorer clinical prognosis[32,33].

The epidermal growth factor receptor is a transmembrane glycoprotein tyrosine kinase
that consists of an extracellular ligand binding domain, a transmembrane domain and
an intracellular protein kinase domain [28]. Association of Epidermal Growth Factor
(EGF), a representative ligand for EGFR, to the binding domain of EGFR mediates
homo-dimerization of the receptor, resulting in activation of the cytoplasmatic
receptor phosphotyrosine kinase [34]. This activated receptor complex is able to
phosphorylate intracellular substrates, such as Ras, which, in turn, act as second
messengers and initiate downstream phosphorylation of intracellular signd
transducers that mediate cell cycle progression, DNA synthesis and mitosis [35,36].
The receptor is inactivated by internalization of the receptor-ligand-complex, fusion
with lysosomes, and subsequent recycling to the membrane [37,38].

EGFR is not only activated by specific ligand-receptor interaction but also by rather
non-specific chemical a physical stimuli (stress signals), such as UVR and radicals.
There is aso evidence that the EGFR phosphorylation domain can be activated by
different internal reaction pathways [26,39]. This indicates that EGFR mediated
signaling is not a linear transduction pathway, but is integrated as part of a complex
communication network that enables cellular adaption of growth and proliferation to
internal and external stimuli [26].

EGFR signaling can be inhibited by blocking autophosphorylation of the autocatalytic
EGFR domain [39]. The agent PD153035 is a potent and highly specific inhibitor of
the EGF receptor tyrosine kinase and does not influence the expression of EGFR
MRNA levels [40,41]. Besides having therapeutic potential in the treatment of EGF-

dependent tumors, where EGFR blockade can decrease tumor cell proliferation and
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induce apoptosis, PD153035 is a useful tool for in vitro investigation of EGFR
dependent pathways [42].

1.3 Apoptosis and its Role in the Epidermis

Apoptosisis a specia cellular mechanism for Programmed Cell Death (PCD) and isa
criticl growth regulatory mechanism in multicellular organisms. Apoptosis
eliminates aged, damaged or mutated cells and maintains tissue integrity. Apoptosis
therefore serves as a critical function for the organism in cancer defense, control of
the immune response and in organ development [43,44].

Apoptosisis a highly coordinated, energy dependent and genetically determined event
that is characterized by expression of distinct morphological features, activation of
specific proteolytic enzymes, e.g. caspases, cell shrinkage, membrane changes, and
non-random degradation of DNA into oligonucleosomes [45,46]. Apoptosis has been
termed physiologic cell death, in contrast to necrosis, that displays typical features of
pathologic cell death (Table 1).

Whether a cell undergoes necrosis or apoptosis depends on various factors, including
the strength and properties of the insult or stress-induced stimulus, and the
differentiation state of the cell [47,48].

Necrosis | Apoptosis
M or phology

Membrane blebbing, maintained

Loss of membrane integrity integrity
Swelling of cytoplasm and organelles Shrinkage of cytoplasm, condensation
of cytoplasm

Complete cell lysis Fragmentation of cell into membrane

bound vesicles

Biochemistry

Passive process, no energy-
requirement

Early loss of ion homeostasis
Random digestion of DNA

Energy-dependent process
Tightly regulated enzyme cascades
Non-random DNA -fragmentation

Physiolog
Groups of cells affected at same time - Individual cells affected
Evoked by non-physiologic insult - Induced by physiologic stimuli
Inflammatory response - Noinflammatory response

Table 1. Features of Necrosis and Apoptosis. (modified from Eisel D, “Apoptosis and Cell
Proliferation” [49])
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Figure 3. Stagesin Apoptosis.

The process of apoptosis can be divided into three seperate stages. the initiation
phase, when the cell is exposed to an apoptotic stimulus, the execution phase, when
activities of pro-apoptotic and anti-apoptotic pathways converge and determine the
eventua fate of the cell, and finally the degradation phase, which is the critical,
irreversible point, when enzyme cascades are activated and the cell triggers its suicide
program [50]. Apoptosis is initiated by a variety of different stimuli that eventually
converge into a common death program. Activation of membrane bound death
receptors [51], oxidative stress [52], DNA damage [53] and growth factor depletion
[54] have been shown to force cells into apoptosis. Conflicting intracellular signals
during passage through the cell cycle (cell cycle conflict) can lead to cellular
activation of the suicide program[55]. All these triggers cause recruitment of different
pro-apoptotic and anti-apoptotic pathways, resulting in a stronger or weaker death
signa. In the execution phase, the eventual fate of the cell is being defined, in such
that the cell could be commited to die, with activation of the central executioner

apparatus of the cell. The degradation phase is initiated by activating proteolytic
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enzyme cascades, known as caspases, that lead to inactivation of protective, anti-
apoptotic proteins and activation of a pro-apoptotic complex of proteins, and result in
disassembly of the cell [4,56,57] (Figure 3).

Several studies have implicated that terminal differentiation of keratinocytes in the
epidermis may represent a form of programmed cell death. Despite of morphologic
and biochemical parallels between apoptosis and epidermal terminal differentiation, it
is not clear whether norma keratinocyte terminal differentiation is a form of
apoptosis. There is strong evidence in vivo, as wdl as in vitro, that terminal
differentiation and apoptosis are distinct cellular events, regulated by different stimuli
[58].

The relevance of apoptosis in epidermal pathology has been shown for a number of
skin diseases. For example, various forms of aopecia or lichen planus have been
reported to be associated with extensive apoptosis, whereas psoriasis and some
carcinomas of the skin show inhibition of apoptosis [59]. The occurence of so-called
sunburn cells in the epidermis after UV irradiation also reflect the morphological
properties of maintenance of tissue integrity by apoptosis [60] and exhibits molecular
features of apoptosis [61]. Similarly, keratinocytes in vitro aso have been shown to
undergo apoptosis after ultraviolet irradiation[62].

1.4 The Immediate-Early-X-Ray-Gene-1 (IEX-1)

Severa research groups have independently discovered and investigated |EX-1. For
this reason, different names have been ascribed to the same gene. IEX-1, DIF-2 and
p22/PRGL1 are designations for the same gene, as analysis of the GeneBank data
reveads [63]. In this work 1EX-1, the name assigned in the first publication, will be
used.

IEX-1 was first discovered in a squamous cell carcinoma cell line which had been
exposed to X-ray irradiation. The gene meets all criteria of a radiation induced
immediate early gene: Rapid induction within 15 minutes after 10 Gy gamma
irradiation, independent of de novo protein synthesis, rapid degradation of mRNA,
and possible mediation by a PKC-dependent pathway. Because of its characteristics,
the newly described gene was named Immediate Early X-Ray Gene-1 (IEX-1) [9].

The 1.2 kb gene transcript of 1EX-1 is trandated into a 156 amino acid protein with a
molecular mass (Mg) of 20,000 and a predicted isoelectric point between 8.85 and 9.0.
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Figure 4. Protein Structure of IEX-1. (Modified from Kondratyev et al. [9])
TMB: Transmembrane Domain; HBS: Histone Binding Site; NGS: N-Glycosylation Site

Computer analysis revealed a putative transmembrane domain and a histone binding
sequence. In the presence of microsomal membranes, the protein occurs in a
glycosylated form, with a Mg of 26,000 [9,11] (Figure 4).

By in situ hybridization, the gene was located on chromosome 6, p21.3. Known genes
in this region exhibit no structural and functional similarities [64]. No other human
homologues have been detected, but there is strong homology to gly96 and PRG1,
mouse and rat genes, respectively, yet also with unknown function, that previously
have been reported to be growth factor inducible immediate early genes[64-66].

The IEX-1 gene consists of two exons and a single 112bp intron sequence, similar to
the published mouse and rat genes [64]. The existence of along form of 1EX-1, called
IEX-1L, had also been reported. The IEX-1L transcript was thought to be the result of
aternative splicing, preserving the intron sequence. This insertion results in a
polypeptide that is 37 amino acids longer than IEX-1 [67]. However, existence of 1EX-
1L has recently been disputed and attributed to an artificial, mutated variant that is not
expressed in vivo [68].

The 5 flanking region of the IEX-1 gene shows high conservation between the
mouse, rat and human homologues. There are common binding sites for the
transcription factors NFkB and SP1 within a minimal promotor element. The gene
possesses only one specific transcription initiation site (T1S) [64]. Furthermore, there
isafunctiona binding site for p53 in the promoter region of the human gene [69].
IEX-1 is strongly upregulated following treatment of cells with stress-inducing
stimuli, such as g-radiation, TPA or the death factor ligand FASL [9,67].
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IEX-1 mRNA is highly expressed in severa cell types. Monocytes strongly express
IEX-1, and the transcript is significantly downregulated upon cell differentiation to
macrophages [11]. Treatment of human keratinocytes with 1,25-Vitamin D3 at
concentrations that induce growth arrest and differentiation markers in keratinocytes
resulted in the initia downregulation of IEX-1 expression, followed by marked
upregulation several days later. Similar changes in 1EX-1 expression were observed in
keratinocytes upon reaching confluency in cell culture: 1EX-1 mRNA expression
initially decreased and then increased with post-confluent culture [10,70].

In vivo IEX-1 mRNA and protein are abundant in epithelial tissues with a high cell
turn over rate, such as Gl-tract and vascular endothelium, and are less abundant in

tissues with low cell turnover, such as brain[10,71].

Treatment I[EX-1 mRNA Cell Type Reference

X-Ray - SCC-35 Kondratyev et al., 1996
TPA - SCC-35; HK Kondratyev et al., 1996
Uv-B - HK Kumar et d., 1998
Differentiation N Monocytes Pietzsch et al., 1998
1,25-Ds " ® - HK K obayashi et al., 1998
Confluency T ® - HK Kobayashi et a., 1998
FASL - Jurkat Wu et al., 1998

Table 2. Overview of IEX-1 Features.

1.5 Objectives of the Study

The previous findings on 1EX-1 lead to the conjecture that 1EX-1 is involved in the
cellular stress response and also may mediate proliferation. Further, IEX-1 might play
arolein cell differentiation.

The goal of this thesis was to investigate the function of the novel early response gene
IEX-1 in human keratinocytes and the keratinocyte-derived human cell line HaCaT as
model-systems for epithelial cell growth and differentiation. Particular emphasis was
put on the investigation of the role of IEX-1 in mediating proliferation, cellular

differentiation and apoptosis in keratinocytes.
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|[EX-1 expression in response to stress-inducing stimuli in human keratinocytes and
HaCaT were investigated by Northern blot. 1EX-1 promoter studies using a reporter
gene-assay were performed to elucidate possible pathways involved in 1EX-1
regulation.

The effects of IEX-1 on proliferation, programmed cell death and differentiation were
examined by gene overexpression experiments in HaCaT cells, with the intent to
define possible roles of |EX-1 in the cellular stress response and growth controlling
signaling pathways.

Proliferation was assessed with [3H]-thymidine incorporation assays. Apoptosis was
induced by UV-B radiation, chemotoxic exposure and serum withdrawal, and cell
responses were evaluated with two different apoptosis assays.

Intracellular localization of IEX-1 protein was investigated by immunostaining and
laser-confocal microscopy of Green Fluorescent Protein (GFP)-tagged IEX-1 protein
in transfected HaCaT cells.

Epidermal distribution of IEX-1 was determined to yield further indications of

possible functions of the gene in tissue homeostasis.
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2. Materialsand Methods

2.1 Materials

2.1.1 Chemicals

All chemicals used were obtained from SIGMA (St. Louis, MO) unless stated
otherwise,

Reagents were weighed on a Sartorius 1202 NP balance. A Mettler AE160
balance was used for weights below 1 mg.

Buffers and solutions were prepared with sterile water de-ionized in a
Millipore Milli Q Water System.

Reagents were pH-adjusted at room temperature with a Corning pH-Meter
140.

2.1.2 Tissue Culture Materials and Working Solutions

For this thesis primary human keratinocytes and keratinocyte derived cell lines
were used. The spontaneously immortalized keratinocyte cell line HaCaT was
a generous gift from Dr. Fusenig (Heidelberg, Germany).

The transfected HaCaT cell lines IEX and ZEO, as well as the HaCaT cell line
transfected with the luciferase promoter construct, were established as
described in the methods section.

Human neonatal foreskin specimens for the preparation of keratinocyte
cultures were obtained from Rochester Methodist Hospital.

All growth media for keratinocytes as well as for HaCaTl cells were
supplemented with penicillin (50 U/ml) and streptomycin (50 nmg/ml) as
precautionary measure to prevent bacterial contamination of the cell cultures.
All cell lines were incubated at 37°C in a humidified atmosphere containing
5% CO, and 95% air.

1



2. Materials and Methods

2.1.2.1 Growth Media for Keratinocytes

For keratinocyte culture, depending on the desired conditions, three different
growth media were used. All three were based on the MCDB153 basd

medium.

MCDB153 basa medium

Contains.  ArginineeHCl  (1x10°  moles/l),
HistidinesHCI*H,O (8x10”° moles/l), Isoleucine

(1.5x10° moles/l), Leucine (5x102 moles/l),
LysinesHCl (1x10"2 moles/l), Methionine (3x10°
moles/l), Phenyldanine (3x10° moles/l),
Threonine (1x102 moles/l), Tryptophan (1.5x10°

molesl), Tyrosine (L5x10° molesl), Valine
(3x10° molesl), Choline chloride (1x10~
moles/l), Serine (6x10° moles/l), Biotin (6x10"
moles/l), Ca pantothenate (1x10" moles/l ),
Niacinamide (3x10'5 moles/l), Pyridoxine HCI
(3x10" moles/l), Thiamine HCI (1x10 " moles/l),

KCl (L5x10° molesl), Folic acid (9x10°
molesl), NaHPO,7H,0 (1x10" moles/),

CaCl+2H,0 (2x10" moles/l), MgCL+6H,0
(6x10" moles/l), FeSO,+7H,0 (5x10° moles/l),
Phenol Red (3.3x10° moles/l) Riboflavin (1x10'4
moles/l), Asparagine (1x10-2 moles/l), Proline
(3x10° moles/l), Putrescine (1x10" moles/),
Vitamin Byp (3x10° molesl), Alanin (1x10~
molesl), Aspatic Acid (3x10° molesl),
Glutamic Acid (1x10~ moles/l), Glycine (1x10~
moles/l), Adenine (18x 10~ molesl), myo-
Inositol (1x10° moles/l), Lipoic Acid (110"
moles/l), Thymidine (3x10'4 moles/l),
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CuSO,+5H,0 (1x10° molesll), CuSO,+5H,0
(1107 molesl), HoSeO3 (3x10° molesll),
MnSO,+5H,0 (1x10  moles/l), Na,S0,+9H,0
(510~ moles/l), (NH,);MO.0,, * 4H,0 (1x10 "
mol/l), NH,VO, (5x10° moles/l), NiCL+6H,0
(5x10° moles/l), SCL+2H,0 (5x 10" molesl),
ZnS0,+7H,0 (5x10 " moles/l)

Also added per four liters of medium:

Glucose 4.324 g, NaCl 30.398 g, HEPES 26.4 g,
NaAcetate 2 @+3H,0, L-Glutamine 3.5 g,

NaPyruvate 0.22 g, Cysteine 0.168 g, NaHCO3
4.704 g after adjusting thepH to 7.4

Standard Medium (GF-) MCDB153 supplemented with:
0.1mmol/l  Cacium  Chloride, 0.1mmol/l
Ethanolamine, 0.1 mmol/I Prosphoethanolamine,

5x10” mol/I Hydrocortisone

Defined Medium Standard Medium supplemented with growth
factors: 10 ng/ml EGF, 0.5 mg/l Insulin

Complete Medium (GF+)  Defined Medium supplemented with 140 mg/l
bovine pituitary extract (BPE)

Bovine Pituitary Extract 150 grams of bovine pituitaries (both sexes, Pel
Freeze, Rogers, AR) were homogenized in 250
ml cold 0.15 M NaCl, stirred for 90 minutes at
4°C and then centrifuged (9800 rpm).

Supernatant was stored at -70°C.

13
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2.1.2.2 Growth Mediafor HaCaT Cells

HaCaT cdls and al HaCaT derived cell lines were grown in Dulbecco’s
Modified Eagle Medium (DMEM, Mediatech Cellgro, Va, AK) supplemented
with 10% Fetal Bovine Serum (FBS) (Gibco BRL, NY). For the stably
transfected cell lines the specific selection artibiotic was added.

2.1.2.3 Working Solutions and Buffers

Solution A

Phospate Buffered
Sdline (PBS)

Tris Buffered Saline
(TBS)

2.1.3 DNA Vectors

pcDNAS3.1/zeo(-)
pGL3, pRL-TK
EGFP/C1, EGFP/N1

2.1.4 Antibodies, Ligands and Inhibitors

Camptothecin
EGF

14

10 mM Glucose, 3 mM KCl, 130 mM
NaCl, 0,1419 g/l NazHPO,4, 0,0033 mM
Phenol Red, 30 mM HEPES

adjusted to pH 7,4 with 1 mM NaOH

80 mM NagHPO,4, 100mM NaCl, 20mM
NaH>PO,4.2H,0 diluted to 1000 ml with
distilled water — adjusted to pH 7.4 with
1 mM NaOH

100 mM TrispH7.4, 138 mM NaCl, 27
mM KCl

Invitrogen, Carlsbad, CA
Promega, Madison, WI
Clontech Laboratories, Palo Alto, CA

SIGMA, St. Louis, MO
Collaborative
(cat# 4001)

Research, Madison,WI
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PD153035 Parke-Davis Pharmaceutical Research,
MI, USA
Goat Anti- Rabbit 1gG Molecular Probes, Eugene, OR

biotinylated (cat# B-2770)
FITC (cat# F-2765)

IEX-1 Ab synthetic peptide, sequence:
AGRPSASRGHRKRSRRALYPR
(polyclonal Ab against portion of 1EX-1,
raised in rabbits, established in the
laboratory  of Biochemistry  and
Nephrology, Dr. R. Kumar as reported

before [10,70].)
2.1.5 Solutions for Immunostaining
Fixation Solution Methanol/Acetone (1:1)
Blocking Buffer 5% goat serum, 1% glycerol, 0.1%

Bovine Serum Albumine (BSA), 0.1%
fish skin gelatine, 0.04% Sodium Azide

ABC-Reagent Vectastain ABC-Go kit (basic), Vector
Laboratories, Burlingham, CA

2.1.6 RNA Solutions

Lysis Buffer 500ml: 5 ml 1M TrissHCI, 10 ml 5M
NaCl, 5 ml 0.2M EDTA, 429.5 ml HO,

0.5 ml Diethylpyrocarbonate (DEPC), 50
ml 10% SDS

High Salt Buffer 500 ml: 5 ml 1M Tris-HCI, 50 ml 5.0M
NaCl, 25 ml 0.2M EDTA, 432 ml HO,

15
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Low Sat Buffer

No Salt Buffer

TrisEDTA-Buffer (TE-Buffer)

Hybridization Buffer

Stripping Solution

Tracking Dye

2.1.7 Radioactive M aterials

05 ml DEPC, 10 ml 10% Sodium
Dodecylsulfate (SDS)

500 mli: 5 m 1M TrissHCI, 10 ml 5M
NaCl, 25 ml 0.2M EDTA, 472 ml 1O,

0.5 ml DEPC, 10 ml 10% SDS

500 ml: 0.5 ml IM Tris-HCI, 0.5 ml 0.2M
EDTA, 97 ml HO, 0.1 ml DEPC, 2 ml

10% SDS

500 ml: 0.6055 g 1,0 M Tris Base, 0.186
g 0,2 M EDTA 2H20, concentrated HCI

to pH8

Amersham Life Sciences (hybridization
buffer tablets)

2 m 0.1% Sodium Chloride/Sodium
Citrate (SSC), 20 ml 10% SDS, 378 ml
H20

50% glycerol, 1mM EDTA, 0.4%

bromophenol blue, 0.4% xylene cyanol

[3H]-thymidine NEN Research products, Delaware, USA (cat#
NET-027Z)
[a-2P]-dCTP Amersham Life Sciences, Arlington Heights, IL,

USA (cat# AA0O05)
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2.1.8 Molecular Size Markers

All
Technologies, MA

DNA Ladder
RNA Ladder
Protein Standard

2.1.9 Technical Devices

Centrifuges

Computers/Software

Flourescence Plate Reader
Freezers and Refrigerators
Hybridization Oven
Incubators

Microscopes

Photometer
g-Radiation Chamber
Spectrophotometer
Speed Vacuum
Stratalinker
Scintillation Counter
Tissue Culture Hood
UV-Lamp

molecular size markers were obtained from Gibco BRL, Life

cat# 15612-013
cat# 15620-016
cat# 161-0303

Beckman J6M

Beckman TJ-6

Beckman J2-21M

Eppendorf Centrifuge 5417R

Apple Power Macintosh, IBM, AcerNote Light
programs. Microsoft Word 8, Microsoft Excel 5,
Canvas 6, Adobe Photoshop 4, EndNote, Scion
Image

Cytoflour 11 Platereader, PerCeptive Biosystems
Kenmore and Forma Scientific

Hybaid micro-4, Labnet

Forma Scientific

Phasecontrast: NIKON TMS, Edina, MN
Confocal Laserscanning: LSM 310, Zeiss Jena,
Germany

IL1400A, International Light

J.L. Shepard, San Fernando, CA

Beckman DU-64, Arlington Heights, IL

Savant Integrated Speedvac System 1SS100

UV Stratalinker 1800, Stratagene

Beckman LS 3801

Forma Scientific

FS20 UV-Lamp, Westinghouse
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2.2 Cdll Cultureand Cdll Lines

2.2.1 Preparation of Foreskin Specimens

Human keratinocytes were isolated from neonatal foreskin specimens using the
methods previously described [72]. Skin specimens were obtained from Rochester
Methodist Hospital 1-2 hours after routine circumcision of newborn infants.

In brief, after removing subcutaneous tissue with surgical scissors, the epidermis was
seperated from dermal tissue by overnight incubation in 0.17% trypsin/EDTA and
subsequent mechanical splitting by repeated aspiration with a 5 ml pipet. After
suspension in Solution A, cells were pelleted by centrifugation, dissolved in Defined
Medium and passed into T75 culture dish flasks containing 10 ml of Complete
Medium.

2.2.2 Passing the Cell Cultures

These primary cultures were maintained in a replicative state by feeding cells
Complete Medium every other day. Seven to nine days later, at about 90%
confluency, primary cultures were split and plated into secondary culture: cells were
trypsinized for 25 minutes. After trypsin inactivation by addition of 2% FBS in
Solution A, a cell count was performed with a hemacytometer and cells were
centrifuged at 1000 rpm for 10 minutes at 4°C. Supernatant was aspirated, the pellet
suspended in Defined Medium and transferred into new T75 tissue culture dishes at a
density between 110x10° cells/cn?. For each experiment, cells of these secondary
cultures were passaged, using the above described method, and plated into the tissue
culture dishes needed and grown to desired cell density.

2.2.3 Culture of HaCaT Cdlls

HaCaT cells were grown in DMEM medium, supplemented with 10% Fetal Bovine
Serum. For some experimental conditions cells were switched to media without FBS
(so cdled “-Serum”). Cel cultures were split and passaged as described for

keratinocytes.
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2.24 Transfected HaCaT Cedlls

The stably transfected cell lines were established by transfection of the plasmids into
the parent HaCal, using Lipofectamin (Gibco-BRL, Gaithesberg, MD) and
subsequent selection by culturing cells in basic HaCaT growth medium, containing
the plasmid-specific selection antibiotic at the required concentration as mentioned
below.

To investigate effects of |EX-1 overexpression, a cell line was established, transfected
with an expression vector containing the full length cDNA IEX-1 sequence
downstream of a CMV promoter (IEX-1/pcDNA3.1/zeo(-)). Another cell line
containing the empty expression vector (pcDNA3.1/zeo(-)) served as control through
al experiments. Both cel lines were selected in DMEM medium containing 400
ng/ml Zeocin and cultured in medium supplemented with 200 ng/ml Zeocin.

For experiments concerning the 1EX-1 promoter region, the gene sequence ranging
from -1419 basepairs upstream to the beginning of the 1EX-1 exon sequence was
inserted into the pGL3 vector. This IEX-1-luciferase gene construct (-1419Pex
1/pGL3) was transfected into HaCaTs and selected by culture in Geneticin (200

my/ml).

2.3 Plasmid and Fragment Preparation

2.3.1 Transformation, Selection and Amplification of Bacteria

For multiplication of plasmids DHs, Competent Cells (Gibco BRL Life Technologies
Inc., Gaithesburg, MD) were transformed with plasmids by using the heat shock
method.

100 m bacteria stock was incubated on ice for 30 minutes with 10 ng plasmid-DNA.
After heat shocking in a 42°C waterbath and subsequent chilling on ice for 2 minutes,
bacteria were incubated for one hour with 900 m LB medium in an incubator shaker
to dlow trandation of resistancy genes. Bacteria were plated on LB-agarose
containing the selecting antibiotic and incubated overnight at 37°C.

The next day a single colony was transferred with a sterile wireloop from the plate
into 100 ml of LB-medium containing the selecting antibiotic and incubated for

another 16 hours in an incubator shaker.
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2.3.2 Plasmid/Fragment Preparation

Bacteria were harvested by centrifugation and supernatant was decanted.

Plasmid preparation was performed using the Quiagen Plasmid Maxi Kit (Quiagen
Inc., Chatsworth, CA) according to the manufacturer’s protocol. Extracted plasmid
DNA was dissolved in 10mM Tris Cl (pH8.5). Subsequently, DNA concentration was
determined, by measuring the optical density at 260 nm in a spectrophotometer. To
control the plasmid yield qualitatively and to separate the fragments from vector-
DNA, a DNA restriction digestion assay was performed: DNA fragments were
visualized on a UV transilluminator, and the correct size was verified by comparison
to a a molecular size marker (DNA ladder, DNA/Hindlll: Gibco BRL Life
Technologies Inc., Gaithesburg, MD). Fragments for Northern Blotting were cut out
and purified with the QIAEX Il Gel extraction kit (Quiagen Inc., Chatsworth, IN).

2.3.3 Transfection

FuGeneb (Boehringer Mannheim, Indianapolis, IN) was used for transient transfection
of HaCaT and human keratinocytes. Cells were grown to about 60% confluence,
growth medium was exchanged and the DNA-FuGene6 mixture was added, in the
ratio DNA/FuGene of 5/8. The DNA amount per 24 well was 1.25 ng and 2.5 ng per
6 well, dissolved in 60 ml or 125 m Solution A, respectively.

16 hours after transfection, cells were treated and incubated for the required periods.
Incubation periods did not exceed 40 hours past transfection.

2.3.4 Plasmid Constructs

2.3.4.1 1EX-1 Promoter-Luciferase Constructs

The putative full length IEX-1 promoter sequence, up to 1419bp upstream of the 1EX-
1 gene, was inserted into the multiple cloning site of the pGL3 vector upstream of the
luciferase gene.

For transient transfections with the pGL3 vector, cells were cotransfected with the
pRL-TK plasmid as a transfection efficiency control. The amount of pRL-TK DNA
was 1/10 of pGL3 DNA.

20
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2.3.4.2 |[EX-1-GFP Constructs

The full length IEX-1 sequence was subcloned upstream of the GFP-Gene in the
EGFP/C1 vector to link the GFP Gterminally to IEX-1. For the N1-link, the IEX-
sequence was inserted downstream of the GFP sequence in the EGFP/N1 vector (both
vectors: Clontech Laboratories Inc., Pao Alto, CA). The empty EGFP/C1 vector

served as a control.

2.5 Northern (RNA) Analysis

All equipment, e.g. Eppendorf tubes, columns, glass pipettes having contact with
RNA samples was previoudly treated with 0.1% diethylpyrocarbonate (DEPC) and

autoclaving to eliminate RNA cleaving enzymes.

2.5.1 Oligo-dT Cellulose Preparation

For the mRNA extraction 0.06 g oligo-dT cellulose per T175 tissue culture dish were
used. The oligo-dT cellulose was submitted to several washing steps, first in 0.1 M
NaOH, then sterile, deionized water, followed by incubation in water containing 0.1%
DEPC for severa hours. Subsequently, DEPC was removed by washing the cellulose
three times in high salt buffer. Cellulose was finaly diluted in 2 ml high salt buffer

per 0.06 g.

2.5.2 mRNA Isolation

After treatment of the cell cultures, poly A"RNA was isolated as described [72]. In
brief, after washing, cells were lysed with lysis buffer, DNA was sheared by passing
the lysate several times through a 21G needle. After bringing the salt concentration up
to 0.5M NaCl, the cell lysates were incubated for at least two hours with the
previousy prepared oligo-dT cellulose on a rocker, before running over a BioRad
MRNA extraction column. mRNA was eluted by several washing procedures with
decreasing salt concentrations. MRNA was then precipitated at —20°C in 95% ethanal.
MRNA was redissolved in TE buffer after pelleting by centrifugation.

MRNA vyield was determined by measuring the optical density at 260 nm with a

spectrophotometer according to the following formula:
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OD2gp optical density at 260 nm
40 RNA coefficient [mg/mi]
dilution factor

probe volume [ml]
amount of RNA [

(ODago) * 40* D* V =m

3<0

2.5.3 Gel Electrophoresisand Transfer

5 mg mRNA of each sample was dried in a speed vaccum centrifuge, diluted in 20 mi
TE buffer and 2 ml tracking dye. For identification of RNA bands, a RNA ladder
(0.24-9.5kb RNA Ladder, Gibco BRL Life Technologies, Gaithesburg, MD) mixed
with ethidium bromide, was run in parallel on one lane of each gel. Samples were
loaded on a 1.2% formadehyde/agarose gel. Poly A'RNA was denatured and
seperated by electrophoresis, and subsequently transferred to a Nytrane nylon
membrane by capillary transfer using the Turboblotter Blotter Pack in the
Turboblotter Transfer System (all Schleicher& Schuell, Keene, NH) according to the
manufacturer’s protocol. After electrophoresis, before transfer, the gel was
photographed under UV-B radiation to visualize the ethidium bromide labelled RNA
ladder. The mRNA was crosslinked with the membrane by iradiation with 1500 J
UV-B light in aUV Stratalinker.

2.5.4 Preparation of cONA Probes

Transfection of bacteria, plasmid amplification and plasmid extraction was performed
as described in chapters 2.3.1. and 2.3.2. Isolated plasmids were digested with the
specific restriction enzymes. Samples were diluted in TriSEDTA Buffer (TE-Buffer)
and run on a 1% agarose gel containing 0.5 ng/ml ethidium bromide. Fragment bands
on the gel were visualized by UV-B irradiation, cut out and purified with the
QUIAEX |l Gel extraction kit (Quiagen, Chatsworth, IN).

The fragments were radioactively labeled with the Gibco BRL Random Priming
Labeling Kit (Gaithesburg, MD). 50-100 ng of the probe was denatured by placing the
Eppendorf tubes into boiling in water. The probe was immediately placed on ice.2 m
of dATP, dTTP, dGTP, 5 m of radiolabeled [a-P**]dCTP, therandom primer and the
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Klenow Fragment of DNA Polymerase were added to the probe. Radiolabeled probes
were purified by filtration through NICK columns (Pharmacia Biotech) containing
Sephadex G-50 DNA Grade.

Radioactivity was determined in a scintillation counter. 7.5x10° cpm of labeled probe
was added per 15 ml hybridizing solution.

2.5.5 Hybridization, Exposure and Stripping

Membranes were prehybridized for ore hour at 43°C in 15 ml hybridization buffer
and 15 ml deionized formamide, then hybridized with the randomly primed DNA
probes for 4 hours at 43°C. After various washing steps with SSC and SDS, the blots
were wrapped in plastic foil and exposed at -70°C to a Kodak BioMaxMR film.

For repeated probing with different DNA probes, the membrane was stripped by
boiling for 10 minutes and incubation in stripping solution (0.1% SSC, 0.1% SDS) at
70°C for 15 minutes.

2.5.6 Analyzing the Blots

To control for equal loading of MRNA, membranes were hybridized to a
glyceraldehyde- 3-phosphate-dehydrogenase (GAPDH) probe.

Exposed films were scanned and then subjected to densitometric analysis using Scion
Image software. Area and intensity of film blackening of each lane was measured and
normalized to the GAPDH signal of the same lane.

2.6 |[EX-1—Protein Localization

2.6.1 |EX-1 Immunostaining

2.6.1.1 Antibody Production and Pre-l mmune Studies

Staining of HaCaT cells and human skin tissue samples was performed with an
affinity purified rabbit-anti-1EX-1 peptide antibody directed to a portion of the 1EX-1
protein. The antibody was estabilished in the Laboratory for Nephrology Research,
Mayo Clinic Rochester and was a generous gift by Dr. R. Kumar. Antibody
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specificity was verified by immunostaining studies using preabsorbed | EX-1 antibody,
as described [10,71]. In brief, preabsorbed antisera was prepared by adding 0.5 ml of
a1 mg/ml solution of the relevant BSA-conjugated |EX-1 polypeptide in PBSto 1 ml
post-immune rabbit serum to provide an excess of antigen. The mixtures were
incubated overnight at 4°C. Supernatant was pipettet into a clean tube, centrifuged at
12,000 g, again 0.5 ml of the antigen solution was added and the mixture was
incubated overnight at 4°C. Following centrifugation at 12,000 g supernatant was
pipettet into clean tubes, recentrifuged for 15 min. The final supernatant sera was

repipetted and stored at —70°C until use for staining experiments.

2.6.1.2 Immunohistochemistry of cultured cells

Cells were grown on microscopic coverdips in 24 well tissue culture dishes. After
removal of medium, cover dips were washed with PBS and cells were fixed in cold
methanol/acetone (1:1) for 10 minutes.

When applying a biotinylated secondary antibody, endogenous peroxidase activity
was blocked by incubation in 0.3% HO,. Sips were air-dried and incubated with
blocking buffer for 1 hour at room temperature. Slides were then incubated with the
primary affinity purified IEX-1 antibody diluted in blocking buffer (1:2,000) for 1
hour. Slides were washed 3 times with PBS and then incubated with a biotinylated
secondary antibody for 45 minutes (concentration 10 ng/ml). Subsequently, slides
were rinsed thoroughly with PBS. Slides were incubated for 30 minutes with ABC-
Reagent (avidin-biotinylated horseraddish peroxidase macromolecular complex),
subsequently washed with PBS, treated with 3-amino-9-ethylcarbazole and
counterstained with hematoxylin. Slides were mounted on a microscopic glass dlide
using aequous mounting media, and viewed under a light microscope.

When applying a FITC-labeled antibody, dips were air-dried after fixation and
incubated with blocking buffer for 1 hour at room temperature. Slides were then
incubated with the primary affinity purified |EX-1 antibody diluted in blocking buffer
(2:2,000) for 1 hour. Slides were washed 3 times with PBS and then incubated with a
FITC labeled secondary antibody for 45 minutes (concentration 10 ng/ml).
Subsequently, dlides were rinsed thoroughly with PBS. Slides were mounted on a

microscopic glass dide using aequous mounting media and viewed under a phase
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contrast confocal laser scanning microscope (excitation wavelength: 495 nm,

emission: 520 nm).

2.6.1.3 Immunohistochemistry of tissue sections

Normal human paraffin-embedded tissues from biopsy specimens were obtained from
Department of Pathology, Rochester Methodist hospital. Specimens were cut in 5 mm
thick sections and placed on silianized slides. The staining procedure was carried out
in the Department of Pathology, Mayo Clinic, Rochester using methods previously
described [73]. In brief, following deparaffinization in xylene, dlides were bathed in a
series of ethanol solutions and then rinsed with tap water. After immersing sectionsin
blocking buffer for 1 hour at 37°C, slides were incubated with the primary, affinity-
purified 1EX-1 antibody (dilution 1:2000) for 1 hour at the same temperature. After
thorough rinsing with TBS, sections were covered with FITC-labeled goat anti-rabbit
antibody diluted in goat serum (10 ng/ml) and incubated for one hour at 37°C. Again
dlides were rinsed in TBS and finally in deionized water. Coverslips were attached
with Vectashield mounting media and sealed with nail polish.

Slides were viewed under aZeiss LSM 510 confocal laser microscope, using an
excitation wavelength of 495 nm for FITC, and a dua channel overlay with
transmittent light in the red, GFP in the green channel. Channels were digitaly
overlayed.

2.6.2 Localization of GFP-tagged | EX-1

HaCaT cells or human keratinocytes were grown on autoclaved microscope cover
dlipsin 24 tissue culture wells.

Cells were transfected with the IEX-GFP-Vector as described above. After treatment
and incubation for various time periods, cells were washed with cold PBS and then
fixed in -20°C methanol for 15 minutes. Cover dips were mounted with VectaShield
(Vector Laboratories Inc., Burlingame, CA) mounting media on glass dides and
sealed with rubber cement.

Slides were viewed under a Zeiss LSM 510 confocal laser microscope, using an
excitation wavelength of 488 nm for GFP, and a dual channel overlay with
transmittent light in the red, GFP in the green channel. Channels were digitally
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overlayed to allow exact intracellular localization of the green flourescence and the

nuclei. Images were stored digitally.
2.7 [*H]-Thymidine I ncor por ation Assay

[*H]-thymidine incorporation assays were performed in 24 well tissue culture plates.
Wells were pulsed with 2 nCi per ml growth medium by applying radioactively
methylated thymidine (NEN Life Sciences Inc., Boston, MA) suspended in Solution
A. After two hours cultures were washed with 10% trichlor acetic acid and water.
Cultures were incubated with 0.2M NaOH containing herring sperm DNA (40 nmg/ml)
for severa hours to lyze cells and precipitate DNA. Radioactivity was measured in a
scintillation counter. Triplets were used for each group and their activities were

averaged.
2.8 Apoptosis Assays
2.8.1 Caspase 3 Activity Assay

Caspase 3 activity was assessed with the AC-DEVD-AMC caspase 3 fluorogenic
substrate (PharMingen, San Diego, CA). Cells were grown in T60 tissue culture
dishes to 90% confluency and then subjected to the specific apoptotic treatment.
Detached cells were gathered by centrifugation of the growth medium. Samples were
lyzed in cold lysis buffer (10mM Tris HCl (pH 7.5), 10mM NaH,PO4/NaPO, (pH
7.5), 130mM NaCl, 1% TritonX-100, 10mM NaPP)), scraped and transferred to the
tube containing the pelleted detached cells. Cell debris were seperated from lysate by
centrifugation. Protein concentrations of samples were determined using the BIO-
RAD D. protein assay kit (BIO-RAD, Hercules, CA).

Cagspase 3 activity was determined by incubation of 5 ng AC-DEVD-AMC substrate
with 50 m lysate for one hour at 37°C and subsequent determination of fluorogenic
activity in a Cytofluor plate reader (excitation: 380 nm, emission: 460 nm).
Quadruplets were assayed per sample. The following controls were assayed in
parallel: Lysate without substrate, pure lysis buffer with substrate and lysate, substrate
plus AC-DEVD-CHO Caspase 3 inhibitor (Pharmingen, San Diego, CA).
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2.8.2 Nucleosome EL | SA

A nucleosome enzyme-immunoassay was used to determine the number of apoptotic
cells. The assay is based on a quantitative sandwich-enzyme-immunoassay using
mouse monoclonal antibodies directed against histones. The Cell Death Detection
ELISAP-YS Assay (Boehringer Mannheim, Indianapolis, IN) was performed according
to the manufacturer’s directions. Cells were grown to 90% confluency in 96 wells.
Growth media was removed by inverting the culture plate. After adding 200 i lysis
buffer to each well, cells were lyzed for 30 minutes at room temperature on a plate
shaker. Lysates then were pipetted into eppendorf tubes and centrifuged at 200 g for
10 minutes. 20 nl of each sample were transferred to the streptavidin coated multi titer
plate (MTP) for anaysis (buffers and MTP included in the kit). Samples were
analyzed immediately after transfer, quadruplets for each sample were assayed. Pure

isolated DNA- nucleosome complex served as a positive control.
2.9 Luciferase Assay

To assess |EX-1 promoter activity the DNA sequence ranging from the transcription
initiation site (TIS) to basepair 1419 upstream of the 1EX-1 gene (-1419plEX-1) was
fused into the firefly luciferase reporter gene plasmid (pGL3-basic) at the Kpnl and
Nhel restriction enzyme sites (the P,ex-1/pGL3 construct was a generous gift by Dr. R.
Kumar, Laboratory for Nephrology Research, Mayo Clinic Rochester).

HaCaT cells were cultured ard treated in 6 well plates and transfected as described
above. To adjust for differences in transfection efficiency, cells were cotransfected
with the Renilla luciferase construct, pRL-TK, that constitutively expresses Renilla
Luciferase at baseline levels.

The Promega Dual- Luciferase Reporter Assay System (Promega, Madison, WI) was
used to determine luciferase activity. Cells were lyzed using the Passive Lysis Buffer
included in the kit. To enhance lysis and gain higher luciferase activity, samples were
subjected to a freeze-thaw cycle at —20°C and were subsequently refrozen at —70°C
until further use, as mentioned in the manufacturer’ s instructions.

The assay was carried out in a luminometer with the program mode set to a 2-second

pre-measurement delay, followed by a 10-second measurement period for each assay.
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The reaction was initiated by adding 20 m lysate to the luciferase assay reagent
containing luciferin. Luminescence activity was measured for 10 seconds, then the
reaction was quenched and the Renilla luciferase reaction was started by adding the
Stop& Glo reagent containing Coelenterazine, the fluorogenic substrate for the Renilla
luciferase (al reagents included in the kit). Again activity was measured for 10
seconds. Firefly luciferase activity was normalized over Renilla luciferase activity,
values were averaged for each group (triplets) and expressed as a percentage value of
the untreated control group.

A set of experiments was carried out using a HaCaT cell line stabelly transfected with
the firefly luciferase construct Pjex-1/pGL3. Cells were cultured and treated in 6 well
plates, lyzed and assayed as described above, in this case without assaying for Renilla
luciferase activity. Again values were averaged for each group (triplets) and expressed

as a percentage value of untreated control.
2.10 Cdll Treatment

2.10.1 Gamma-Irradiation

For g-irradiation a Caesium (¢*'Cs) girradiator at a dose rate of 11.4 Gy/min was
used. Exact radiation dose was achieved by a dliding lead-shield connected to a timer,
separating the trestment chamber from the chamber containing **’Cs. Cells were
grown in T175 tissue culture flasks to 90% confluency before treatment and kept in

the incubator until harvest for final processing after treatment.

2.10.2 UV-B Irradiation

For UV-B treatment, a FS20 UV lamp (Westinghouse, Twinsburg, OH) with a main
emmitance in the UV-B range, and a peak at 313 nm was used. Iso-dose lines were
determined with a light meter and drawn on the platform where the lamp was secured
to assure equal radiation doses for each sample. The distance from the light source
filter to the sample was 10 cm, resulting in a radiation energy dose of 0.22 J/nf/sec
(13.3 Jnf/min). The lamp was allowed to pre-warm for 15 minutes before treatment.

Prior to irradiation, medium was collected from the cell culture dish and stored in a

37°C waterbath. Then the dish was washed once with prewarmed PBS to remove
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detached cells and remaining ingredients of the medium that could interfere with the
spectrum used for the irradiation (especialy phenol red); 200 mi, 1 ml, 2 ml PBS were
added to 24 wells, T60 and T100 dishes, respectively to avoid dessication of the cell
culture during irradiation. PBS was aspirated after the irradiation, the previously
collected media was readded, and dishes were placed in the tissue culture incubator

until harvest for the final processing.

2.10.3 Chemical Treatment

Camptothecin was prepared as a 1mM stock solution in DM SO and stored at 4°C.
Shortly before treatment, stocks were diluted to the desired concentration in pre-
warmed growth media. Medium was aspirated off the dishes and the medium
containing the agent was added. Again, dishes were then incubated for various time
periods before further processing.

EGF was prepared as a 10ng stock in Solution A and stored at —20°C. For treatment
final solutions were mixed in prewarmed standard medium (GF-) and added to the
culture dishes after aspiration of old medium. Dishes were then incubated for various

time periods before final processing.

2.11 Experimental Setupsand Statistics

Northern blots were performed independently at least twice in similar settings, in
some cases varying in the time course of the experiment. Blots were analyzed with
computerized densitometry and adjusted to GAPDH. Results of the densitometric
analysis for each condition were referred to the value of the control and expressed in
relative increase, unless noted otherwise.

Biochemica and immunohistochemical assays were established and then performed
three times independently in equal setting and time course. Results were averaged and
the standard error of the mean was calculated using the Microsoft Excel Statistic Tool
package. Unless noted otherwise, graphs show the average of three experiments
(n=3), bars show Standard Error of the Mean (SEM).
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3. Results

3.1 Effects of Apoptotic or Mitogenic Stimuli on IEX-1 Expression in

Keratinocytes

IEX-1 expression has been shown to be upregulated in various cell types following
treatment with stress-inducing stimuli. The goa of the following experiments was to
investigate whether keratinocytes would also respond by rapid induction of IEX-1
MRNA expression after exposure to treatments known to induce cell stress.

In al of the following experiments steady state (baseline) IEX-1 mRNA expression in
untreated cells remained at the same level over the time course of the experiment
(data not shown).

3.1.11EX-1 Expression after g-Radiation

Keratinocytes were grown to about 90% confluency and then irradiated with 10 Gy ¢
radiation in aradiation chamber. mMRNA was extracted after different periods of time
and Northern Blotting for IEX-1 and GAPDH was performed.

In untreated subconfluent culture 1EX-1 mMRNA expression is low. Within 15 minutes
after radiation, IEX-1 mRNA levels increased significantly. At two hours sustained
expression of I1EX-1 mRNA was found. By 4 hours, |EX-1 expression had decreased
to basal levels similar to the untreated control group (Figure 5).

3.1.2 |EX-1 Expression after UV-B Radiation

In vivo the skin is exposed to sunlight and ultraviolet radiation. The minimal
erythemally effective dose (MED) in sunlight is generally believed to be about 20
mdcn? [74]. To examine the effects of UV-B radiation on epidermal cells,
subconflent keratinocyte cell cultures were exposed to UV-B radiation. Preliminary
dosing experiments were performed. Radiation energy doses below 20 mJ/cnt did not
result in a marked |EX-1 response, energy doses exceeding 60 mJcnt were followed
by a high increase in necrotic and detached cells. For this reason keratinocytes were
irradiated with 40 mJ¥cn?, then mRNA was extracted and Northern Blotting for 1EX-1
and GAPDH was performed.
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Within 30 minutes of exposure, a marked increase in |EX-1 expression was observed,
reaching a maximum after 2 hours. At four and eight hours after UV-B irradiation,
IEX-1 mRNA expression decreased and approached baseline levels (Figure 6).

3.1.31EX-1 Expression after H,O»-Treatment

To investigate whether oxidative stress mediates |EX-1 expression in keratinocytes,
subconfluent keratinocyte cultures were incubated with growth media containing
200mM H,O- for different time periods, mMRNA was extracted and subjected to
Northern Blotting analysis.

Within one hour, a marked increase in IEX-1 mRNA expresson was observed,
reaching a maximum after two hours and declinig to ailmost baseline levels within

four hours following incubation in H,O- containing media (Figure 7).

3.1.4 Stimulation with EGF

To determine effects of mitogenic stimuli on IEX-1 expression, growth factor-
deprived cell cultures were incubated with the Epidermal Growth Factor (EGF) for
designated times. In previous experiments, a dose-dependent induction was found for
IEX-1 mRNA upon EGF treatment of keratinocytes with concentrations ranging from
0.1 to 10 ng/ml (data not shown).

Keratinocyte cultures in log phase growth in medium containing growth factors
(Complete Medium, GF+) exhibited relatively low IEX-1 mRNA expression.
Deprivation of growth factors (Defined Medium, GF-) for 48 hours resulted in further
decrease in 1EX-1 expression. Restimulation with EGF evoked strong EX-1 mRNA
upregulation within one hour. Subsequently over the eight hour period 1EX-1 mRNA
expresson levels slowly declined but remained higher than basal expression levels

under control culture conditions (Figure 8).
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Figure 5. IEX-1 mRNA Expression after g-Radiation of Human Keratinocytes. Human
keratinocytes were grown to 90% confluency and irradiated with 10Gy. mRNA was extracted at
designated time points and Northern blotting for IEX-1 and GAPDH was performed. The blot
demonstrates rapid IEX-1 mRNA increase and followed by return to baseline levels within the
subsequent four hours.
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Figure 6. IEX-1 Expression after UV-B Irradiation of Human K eratinocytes’. Human
keratinocytes were grown to 90% confluency and irradiated with 40 mJcnf UV-B. mRNA was
extracted at designated time points and Northern blotting for IEX-1 and GAPDH was performed. The
graph showsEX-1 expression normalized to GAPDH and relative to untreated control over time.

! Special thanksto Dr. med. K. Feldmann for performing the Northern Blot displayed.
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Figure 7. IEX-1 Expression after HO, Exposure’. Human keratinocytes were grown to 90%
confluency and incubated with 200 mM H,O, for distinct periods of time. mMRNA was extracted and
Northern blotting for 1EX-1 and GAPDH was performed. The graph shows IEX-1 expression
normalized to GAPDH and relative to untreated control over time.
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Figure 8. IEX-1 Upregulation after EGF-Stimulation of Human Keratinocytes. Human
keratinocytes were grown to 90% confluency, switched to Standard Medium (GF-) for 48 hours, and
incubated with EGF for designated times. mRNA was extracted and Northern blotting for 1EX-1 and
GAPDH was performed. The graph shows IEX-1 expression normalized to GAPDH and relative to
untreated control over time.

! Special thanksto T. Kobayashi, M.D. for performing the Northern Blot displayed.
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3.1.5 Summary on Stress-Inducing and Mitogenic Treatment

The results of these series of experiments demonstrate that both stress-inducing
stimuli, such as gamma-radiation, UV-B radiation and H,O5, as well as growth factor-
mediated stimulation of keratinocytes induce IEX-1 mRNA expression. The kinetics

of induction and declinein expression of 1EX-1 distinctly vary among these stimuli.

3.2 Effects of Apoptotic Stimuli on |EX-1 Expression in HaCaT Cells

Goal of the following experiments was to investigate the effects of apoptotic stimuli
on the IEX-1 mRNA expression levels in the spontaneoudly immortalized HaCaT cell
line. Parental HaCaT cells were grown to 90% confluency and then treated either with
UV-B radiation or by incubation with the DNA polymerase | inhibitor, camptothecin,
as described in the Materials and Methods section. After incubation for various time
periods, the cells were immediately lysed and mRNA extracted. Northern Blotting
was performed and membranes were probed with radiolabeled GAPDH and [EX-1
cDNA. A densitometric analysis of the blots was performed and intensity of signal is
shown graphically as afunction of time.

In unstressed, subconfluent cell cultures, the IEX-1 expression in HaCaT cells is very
low, as can be seen in lane 1 of Figure 9 and Figure 10 (untreated controls). Over the
observed period of time for the following experiments, steady state 1EX-1 mRNA
expression in untreated cells remained at baseline levels (data not shown).

3.2.1 UV-B Radiation

Subconfluent cell cultures were irradiated with 40 m¥cn? UV-B. At designated time
points after treatment, MRNA was extracted and Northern blotting for IEX-1 mRNA
was performed. By 8 hours after trestment, large quantities of cells were detached,
such that only small amounts of mMRNA could be extracted.

Within 15 minutes after irradiation, no increase in 1EX-1 mRNA abundance could be
noted. By 30 minutes, post-radiation a 244% increase was seen and levels steadily
rose to 1053% at 12 hours after UV-treatment. After 12 hours, IEX-1 mRNA

expression started decreasing again (Figure 9).
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Figure 9. IEX-1 Upregulation after UV-B Radiation of HaCaT Cells! HaCaT cells were grown to
90% confluency and irradiated with 40 mJcm UV-B. mRNA was extracted after designated times and
Northern blotting for 1EX-1 and GAPDH was performed. The graph shows I[EX-1 expression
normalized to GAPDH relative to untreated control over time.

3.2.2 Camptothecin Incubation

Within 30 minutes of treatment, a marked increase in 1EX-1 mRNA expression could
be observed. A slower elevation over the next 3.5 hours of treatment was also
apparent, peaking at 4 hours, with an increase 1.5 times that detected at 30 minutes.
Subsequently, decrease in IEX-1 mRNA levels occurred. By eight hours the mRNA
level of IEX-1 had declined to 85% of the peak level at 4 hours. (Figure 10)

! Special thanksto Dr. med. K. Feldmann for performing the Northern Blot displayed.
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Figure 10. IEX-1 mRNA Upregulation Induced by Camptothecin Treatment of HaCaT Cells.

HaCaT cells were grown to 90% confluency and treated with 5 mV Camptothecin. mMRNA was
extracted after specific times and Northern blotting for IEX-1 and GAPDH was performed. The graph
shows |EX-1 expression normalized to GAPDH relative to untreated control.

3.3 EX-1 Promoter Activity

To investigate the effects of treatmerts on the 1EX-1 promoter activity, the 1419 bp
gene sequence upstream of the IEX-1 gene was subcloned into a luciferase expression
vector as described in the Materials and Methods section @ex-1/pGL3). In cells
transfected with this reporter construct, activation of the 1EX-1 promoter results in
expression and subsequent translation of the luciferase protein. Luciferase converts
luciferin, a gene product of the firefly, into a fluorochrome. Its fluorescent activity can
be assayed in aluminometer.

HaCaT cells were permanently transfected with the pGL 3 luciferase promoter bearing
the full length 1EX-1 promoter sequence. Cells were cultured to 75% density, then
either serum deprived for 48 hours or treated with the EGFR-blocking agent
PD153035 for the same period. PD153035 treatment reduced promoter activity to
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approximately 50%, whereas serum-deprival decreased activity to 20% of untreated
control cells in serum-containing medium (Figure 11).

Similar results were achieved in experiments using transiently transfected HaCaT
cells with the Pjex-1/pGL3 vector, cotransfected with the Renilla pGL-3 vector to

control for transfection efficiency (data not shown).
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Figure 11. IEX-1 Promoter Activity after Blockade of EGFR or Serum-deprival. A HaCaT cell
line was established to express luciferase under the control of the IEX-1 promoter. Cells were grown to
90% confluency and either treated with PD153035 for 24 hours or serumdeprived for 48 hours. Cells
were lysed and luciferase assay was performed. The results show fluorescence intensity relative to
untreated control. Control cells were lysed at the time of initial treatment, to prevent further cell growth
and increasein luciferase activity.

3.4 Localization of |[EX-1 Protein in HaCaT Cdlls

To investigate the localization of the 1EX-1 protein within the cell and to examine
intracellular protein movement in vitro, microscopic localization experiments were
performed. Two different approaches were chosen:
1. Immunostaining by indirect immunocytochemistry with antibodies against the
|[EX-1 protein.
2. Protein tagging usng HaCaTl cells and IEX-1 protein tagged with Green
Fluorescent Protein (GFP).

3.4.11EX-1 Localization in HaCaT Cells by GFP-Tagging

The IEX-1 gene sequence was subcloned into the GFP/cl or the GFP/nl vector such
that, after trandation of the plasmid mRNA, the GFP protein is linked either C-
terminally or N-terminally to the 1EX-1 protein. Cells were transfected with each
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vector seperately, as described in Materials and Methods and then viewed by
microscopy.

The transfection efficiency in HaCaT cells was low. Only about 10% of the cultured
cells typically showed green fluorescence. Transfection of the blank GFP vector
resulted in a homogeneous, pan-cellular distribution pattern of green fluorescence
visualized under the laser scanning microscopy (data not shown). Only cells
transfected with the expression vector for Green Fluorescent Protein linked C-
terminaly to the IEX-1 protein (GFP/C1) demonstrated sufficient fluorescence to
evaluate subcellular distribution of 1EX-1. Cultures transfected with N-terminal linked
GFP (GFP/N1) barely expressed GFP (data not shown).

Within the transfected cells that expressed the fusion protein, the fluorescence was
clearly localized to the nucleus. Distinctive nuclear distribution patterns were
observed, ranging from homogenous staining of the nucleus, to a spoke wheel pattern
or punctuate intranuclear dot-pattern. No localization to other sub-structures or
organelles could be found. Also trestment with various substances which have been
identified to ater IEX-1 mRNA expression, did not change the subcelular or
intranuclear distribution of the fusion protein. These treatments included
Camptothecin (5 mM), UV-B (40 mJ/cnt) or 1,25-(OH)-vitamin Ds (data not shown).
Varying treatment periods from 30 minutes up to 24 hours were examined, but no
differences in IEX-1 distribution or expression could be seen. (Figure 12)

These observations suggest that the IEX-1 fusion protein is likely quite stable and not

readily mobile within or between subcellular compartments.

3.4.2 |EX-1 Immunostaining in HaCaT Célls

To locdlize IEX-1 protein in human keratinocytes and HaCaT, cultured cells were
immunstained with a rabbit polyclonal antibody directed against a portion of 1EX-1.
Cells were grown in chamber dides and the staining procedure was carried out as
described in Materials and Methods.

Microscopic examination revealed distinct nuclear staining of keratinocytes and
HaCaT cells, under subconfluent growth conditions. The nuclel showed discrete
intranuclear, condensed speckled staining. The number of spots varied from one to six

with diameters ranging from 1/20 to 1/5 of the nuclear diameter (Figure 13).
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Figure 12. Localization of GFP-tagged IEX-1. HaCaT cells transfected with the GFP vector
subcloned into the IEX-1 sequence, were viewed by Laser Confocal Scanning Microscopy 16 hours
after transfection. (original magnification 400x)

A pre-immunel]
I \

Figure 13. Immunohistochemicd Staining of IEX-1 in Cultured Cells’ A Keratinocytes B
HaCaT. Cells were grown to 50% confluency, incubated with a peptide polyclonal antibody against
IEX-1. Keratinocytes were incubated with a biotinylated secondary antibody, counterstained with
hematoxylin and viewed by light microscopy (original magnification pre-immune: 200x, immune;
400x). HaCaT cells were stained with a FITC labeled secondary antibody and viewed by laser confocal
microscopy (original magnification 400x).

! Special thanksto Dr. med. K. Feldmann for performing the immunostaining featured in this chapter.
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3.51EX-1Overexpression - Influence on Cell Responses

To gain further insight into the activities and possible functions of the 1EX-1 gene,
two different HaCaT Cell lines were established. The genomic sequence of the IEX-1
gene was subcloned into the pcDNA3.1 CMV expression vector. One cell line was
established by transfection of HaCaT cells with this plasmid and subsequent negative
selection, as described in Materials and Methods. Another cell line was established
that contained the empty pcDNA3.1 CMV expression vector and served as control for
all experiments.

In the following studies, the stabelly transfected IEX-1 HaCaT cell line will be
referred to as IEX-céll line, and the control cell line will be desiganted ZEO-cdll line

(referring to the Zeocin-resistance gene of the control plasmid).

3.5.1 EX-1 Overexpression: mRNA levelsin transfected HaCaT Cells

To verify successful transfection and expression of the IEX-1 expression plasmid, the
ZEO and the IEX cell lines were grown to 90% confluency. Each culture was either
lysed immediately or switched to DMEM medium without FBS for 48 hours before
lysing and subsequent RNA extraction. Northern blotting for IEX-1 mRNA and
GAPDH mRNA was performed.

The expression of |EX-1 mRNA in the IEX cdl line was higher than in the ZEO
control transfected cell line, for both cells grown in the absence or presence of serum
(Figure 14).

3.5.2 [®H]-Thymidine I ncor poration Growth Assays: ZEO versus|EX cell lines

During maintenance of the cell cultures it was observed that the IEX cell line
routinely reached confluency faster than the ZEO cell line. Nonetheless ZEO and 1EX
cultures were passaged concurrently, such that for each experiment, ZEO and IEX
cells at the same passage number were used. To demonstrate an increased growth rate
inthe IEX cell line, [*H]-thymidine incorporation growth assays were performed. For
this assay, cel cultures were incubated in medium containing tritium-labeled
thymidine for a defined time period. In actively cycling cells, radioactive thymidine is
incorporated into the daughter strand DNA during S-phase. The amount of DNA
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Figure 14. HaCaT/IEX-1-zeo Cell line Overexpresses |EX-1 mRNA. HaCaT cell lines were
established and contained either the empty pcDNA3.1/zeo(-) vector (ZEO) or the pcDNA3.1/zeo(-)

vector subcloned with the full length IEX-1 cDNA (IEX). Cultures were either grown in serum (+) or
deprived of serum (-) for 48 hours.

replication and the level of proliferative activity for a given period can be quantified
by measuring radioactivity incorporated into DNA of the cell culture,

24 well plates were used, three wells per time point. On day 0, both cell lines were
plated at a density of 1x10° cells/cn?. They were allowed to attach to the culture dish
for one day. On Day 1 the initial growth assay was performed. In the experiment
displayed in Figure 15 assays were performed daily until Day 6, and every other day
thereafter.

Both the IEX and ZEO cell lines showed a sigmoid FH]-thymidine incorporation
curve, with alower slope during the first few days, then a steep increase over the next
severa days, followed by a strong decrease after reaching peak activity. The IEX cell
line reached the maximum slope of thymidine incorporation earlier and with a larger
maximum level than the ZEO cdl line. The marked decrease in radioactivity
following the peak is explained by contact inhibition of cells, followed by a marked

decrease in proliferative activity after reaching confluency.
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During the first 3 days after plating, no difference in thymidine incorporation activity
levels could be observed. Both cell lines exhibited only a moderate increase in [°H]-
thymidine incorporation. At Day 5 however, |IEX cells showed markedly higher
proliferative acitivity than ZEO cells. By Days 9 and 11, the peak growth activity of
the IEX cell line was observed, exceeding that of the ZEO cell line by 70%. ZEO only
reached their maximum activity at day 11 (Figure 15).
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Figure 15. [3H]-Thymidine Incorporation Assay: IEX versus ZEO HaCaT. IEX-1
overexpressing (IEX) and control HaCaT (ZEO) cultures were plated at 1x10° cells/cn and pulsed
with [3H]-thymidine every other day. Cells were lyzed and activity was counted in a scintillation
counter. Upon reaching confluency, [3H]-thymidine activity decreased strongly (three independent
experiments with different time courses were performed, a representative experiment is shown).

3.5.3 Induction of Apoptosisin IEX-1 Overexpressing Cell Lines

The higher growth rate in the IEX-1 transfected cell line could be due to a reduced
rate of cell death in the growing cell culture. As a consequence, we investigated the
rate of apoptosis in the IEX and the ZEO cell lines. The baseline apoptotic activity in
unstressed IEX and ZEO cultures was examined, as well as their susceptibility to
well-defined inducing agents of apoptosis.

Cells undergoing apoptosis show series of characteristic morphological and
biochemical changes, such as membrane alterations, activation of specific proteases,
known as caspases, and DNA fragmentation into specific ~180bp oligonucleosomes.
Amongst the proteolytic caspase enzyme cascade, Caspase 3 plays a key role as a
downstream mediator of DNA degradation. The Caspase 3 Activity Assay, a
fluorogenic enzyme assay, is a specific and sensitive assay to measure apoptotic

activity of whole cell cultures.
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In experiments where apoptosis induction was demonstrated by the Caspase 3
Activity Assay, the results were confirmed with the Cell Death Detection ELISA
Assay. This sandwich-enzyme-immunoassay alows the specific determination of
mono- and oligonucleosomes in the cytoplasmatic fraction of cell lysates. These
fragments only occur in cells undergoing apoptosis, and therefore, are a specific

parameter to determine the rate of apoptotic cellsin culture.

3.5.3.1 Differencesin Apoptotic Activity in Attached versus Detached Cells

Within a few days of plating cells, an increased amount of detached or floating cells
on the surface of the culture medium was observed in IEX cell cultures.
Microscopically, the number of floating cells in the IEX cultures seemed to be greater
compared to the ZEO cultures. To substantiate these microscopic findings, a method
was sought to quantify the number of floating versus attached cells in each culture.
Clotting of detached cells prevented conventional cell counting methods such as flow
cytometry or counting chamber. Reproducible quantification was eventually obtained

using a protein assay for floating versus attached cells in the culture.

To determine if the detached cells showed a higher apoptotic activity than attached
cells, the Caspase 3 Activity Assay was carried out seperately for the floating versus
the attached cells. Cells were plated at a density of 5x10" cells/cn? and grown for two
days. To alow collection of sufficient amounts of floating cells, cultures were not
refed for three days before the final assay was carried out. Floating cells were
harvested by centrifugation, supernatant aspirated ard the pellet lysed. Attached cells
were lyzed and the Caspase 3 Activity Assay was carried out as described in Materials
and Methods for the floater sample and the attached sample separately.

At the time of harvest, the protein amount of the attached cells did not differ in the
IEX and the ZEO cell line. However, the detached cell fraction contained 1.8 fold
more protein in IEX versus ZEO cell cultures. Apoptotic activity was aso dlightly
higher in the attached cells of the IEX culture compared to the ZEO culture. In [EX
cells, Caspase 3 Activity in the detached fraction was 2.5 times higher than in the
attached cells, compared to only a 1.4 fold difference in the ZEOs. (Table 3)
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. Caspase 3 Activit Caspase 3Activit
Protein (mg) (x?sée‘ Fluor. Unité/) aSDProtein !
Attached | Detached | Attached | Detached | Attached | Detached
ZEO 341 0.29 4.0 55 1.2 19.0
IEX 3.38 0.53 7.1 17.9 2.1 33.8

Table 3. IEX-1 Overexpressing HaCaT Show More Detached Cells and Higher Caspase 3

Activity. Cells were grown in +serum DMEM to 75% confluency. After three days without refeeding ,
detached, floating cells were harvested by centrifugation. Protein amount was determined and Caspase
3 Activity Assay was performed seperately for attached or detached cells of the same culture.

3.5.3.2 Baseline Apoptotic Activity in Untreated Cells

A series of experiments was performed to detect apoptotic differences between IEX
and ZEO cells in untreated conditions. In contrast to the experiments described in
3.5.4.2 this time cultures were refed every day until day of harvest to guarantee
optimal growth conditions. Cultures were grown to 75% confluency and then assayed.
Since only minor amounts of detached cells occurred, seperate assaying for floating
and attached cells was not carried out. Three different experiments, each time with
cells from different passages, were performed. Three dishes per group were assayed in
each experiment. As can be seen in Figure 16, the two cell cultures did not differ in

their Caspase 3 activity in unstressed condition.
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Figure 16. Baseline Apoptotic Activity in Unstressed ZEO and |EX Cultur es. Baseline apoptotic
activity in unstressed ZEO and IEX cell line was determined. Cultures were refed daily until reaching
75% confluency. Seperate assays for floating and attached cells were not carried out. In three

independent experiments, Caspase 3 activity was assayed and not found to be different in the IEX
versus the ZEO cell line.
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3.5.3.3 Induction of Apoptosiswith UV-B Irradiation and Camptothecin

To invegtigate the influence of IEX-1 overexpression in HaCal cells on the
susceptibility to inducers of apoptosis, a series of experiments examining UV-B
radiatiation or treatment with a DNA polymerase | inhibitor was performed.

Initidly, the dose response for UV-B and camptothecin was determined and
optimized for subsequent experiments. Timing experiments were also performed. At
energies greater than 60 mJcnt, the extent of cell detachment svera hours after
trestment was excessive, such that necrotic cell death could not be excluded. At 40
mJ/cnt and eight hour incubation time, only few floating cells occured. For the same
reasons, a camptothecin concentration of 5 niM was chosen.

As dready shown in the experimental series for untreated cells (see 3.5.4.2), no
significant difference in apoptotic activity between IEX and ZEO cells in the
untreated control groups could be noted. Furthermore no increase in apoptotic activity
in untreated cells over the time course of the experiment could be observed (data not
shown). Timing and dosing experiments were performed similarily for the Cell Death
Detection ELISA. Again, no differences between IEX-1 overexpressing cells and the
control cells could be noted, concerning the number of cytoplasmatic
oligonucleosomes in untreated condition. Also, there was no increase of cytoplasmatic

nucleosomes over the period of treatment in either cell line (data not shown).

Compared to the control transfected cell line, radiation with 40 mJcn? UV-B was
followed by a higher increase of Caspase 3 activity over time in the IEX-1
overexpressing cells. Compared to the ZEO control, after three hours, Caspase 3
activity of the IEX cellswas 1.6 (210% versus120% of baseline activity) and after six
hours, 2.1 fold (380% versus180% of baseline activity) (Figure 17A).

These results were confirmed by nucleosome formation: Compared to the untreated
control group, three hours after irradiation with 40 mJcn? UV-B, the nucleosome
fraction in the cytoplasm was 1.4 fold higher in the IEX-1 transfected cell line
compared to the sham-transfected cell line (190% vs. 140% compared to untreated
control). Six hours post irradiation, the nucleosome fraction in the IEX cells was
about two fold higher than in the ZEOs (400% versus 190% compared to untreated
control) (Figure 17B).
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Figure 17. Induction of Apoptosis by UV -B Irradiation. Sham transfected cells (ZEO) and cells
bearing the IEX-1 expression vector (IEX) were irradiated with 40 mJcnf UV-B. @) Apoptotic
activity after various time periods was assessed by Caspase3 Activity Assay and confirmed by
Life/Death Nucleosome ELISA (B). Line diagram in (A) expresses relative increase in enzyme activity,
columns in (B) express relative amount of histones. Results of three independent experiments are
shown, bars indicate standard error of the mean. Caspase activity as well as amount of cytoplasmic
nucleosomes in untreated cells did not increase over time compared to the control at time 0 (data not
shown).

Similar results were achieved by treatment with the apoptotic agent camptothecin.
After three hours incubation with 5 mM camptothecin, increase in Caspase 3 activity
was twice as high in the 1EX-1 overexpressing cell line than in the sham cell line
(210% versus 120% of baseline activity); after six hours of treatment, a 1.7 fold
higher activity was noted in the IEX cells (260% versus 140% of baseline activity)
(Figure 18A).

Confirmation by Cell Death ELISA revealed a 1.3 fold higher increase of
oligonucleosomes in the IEX in relation to the ZEO cells (220% versus 170%) after
three hours and 1.7 fold after six hours (380% versus 230%). (Figure 18B)
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Figure 18. Induction of Apoptosis by Incubation with Camptothecin. (A) Caspase3 Activity
Assay (B) Life/Death Nucleosome ELISA Sham transfected cells (ZEO) and cells bearing the 1EX-1
expression vector (IEX) were treated with 5 nM camptothecin. Experimental setup as described for
Figure 17.

As could be shown in the previousy mentioned timing experiments, an increase of
Caspase 3 activity following UV-irradiation as well as camptothecin incubation could
already be observed after two hours, peaking around eight hours and starting to
decrease between twelve and sixteen hours, (data not shown).

3.5.4 Serum Deprival

Next, the effects of IEX-1 overexpression on the rate of apoptosis in the serum
deprived HaCaT cultures cells were examined.

For each time point one T60 tissue culture dish was plated at a density of 2x10%
cellg/en? with IEX and ZEO cells respectively. They were alowed to grow for two
days in +Serum DMEM, before medium was exchanged to —Serum DMEM. At that
time, dishes for +Serum control were harvested for later analysis: cells in the T60

were lysed and frozen at —70°C for later Caspase 3 Activity Assay.
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A +Serum DMEM control could not be assayed for each time point since dishes in +
Serum conditions would have reached confluence at later time points, which would
have effected the rate of apoptosis in the dishes. For this reason al time points were

compared to the +Serum control, assayed at the day of medium change.

As noted before, baseline Caspase 3 activity under unstressed growth conditions in
+Serum DMEM was about equal in IEXs and ZEOs. Compared to baseline, three
days of serum withdrawal evoked a dight elevation in Caspase 3 activity, and after six
days, a 100% activity increase was found in the IEX cell line.

Over the whole period of serum withdrawal, an increase in Caspase 3 activity in the
ZEO cells could not be observed. These results could be repeated in several
experiments with various time points and up to eight days of serum withdrawal. After
eight days of serum deprivation, a dight increase of Caspase 3 activity but less
marked than in the IEX cells, was aso noted in the ZEO cultures. A representative
experiment is shown in Figure 19.
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Figure 19. Serum Deprival of IEX-1 Overexpressing HaCaT. Cells were grown to 90%
confluency in DMEM supplemented with 10% FBS and then switched to DMEM without FBS.
Caspase 3 activity was assessed at designated time points after serum removal. Three independent
experiments with varying time setups were performed, a representative experiment is shown. Caspase 3
activities are normalized over (+) serum control for each cell line (100%) (ZEO: Control cell line; IEX:
IEX-1 overexpressing cell line).
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3.6 Localization of IEX-1 in Skin Tissue?!

To investigate the expression and distribution patterns of 1EX-1 in the epidermal
layers of human skin, biopsy specimens (obtained from Rochester Methodist Hospital,
Department of Pathology) were stained with a polyclonal peptide antibody directed
against a portion of the IEX-1 protein and incubated with a FITC labeled secondary
antibody as described in the Materals and Methods section.

Staining was detected mainly in the epidermal layers of the skin. In the epidermis, the
basal layer showed the strongest staining for 1EX-1. Towards the upper layers, fewer
cells were exhibiting less intense staining. The stratum spinosum showed only little
staining, and in the stratum corneum no immunoreactivity was found.

The protein seems to be distributed diffusely in the cytoplasm, but towards the outer
granular layer a perinuclear localization of the protein was observed (Figure 20).

Figure 20. Immunohistochemical Staining of Human Skin. Skin samples were incubated with a
peptide antibody directed to IEX-1, stained with a FITC labeled secondary antibody and viewed under a
Laser Confocal Scanning Microscope. (original magnification: 200x)

! Special thanks to Dr. med. K. Feldmann for performing the staining and taking the pictures displayed
in this chapter.
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4. Discussion

4.1 Discussion of M ethods

In vitro studies using Keratinocytes and HaCaT Cells

In the present studies, experiments were performed using primary human
keratinocytes and the human keratinocyte derived, spontaneously immortalized
HaCaT cell line. Keratinocytes are a widely used and well defined cell type for
investigation of proliferation and differentiation-regulating agents and conditions
[22]. However, some limitations of the keratinocyte model must be kept in mind:
interaction between dermis and epidermis, the in vivo responses to many systemic
regulatory changes, the role of the cutareous microvasculature, the neura responses
and various other component networks of intact skin are not present in this culture
system [75-77]. Keratinocytes can only be maintained in an undifferentiated,
replicative state over a limited number of passages. Aging either reduces clonogenic
potential [78], or differentiated phenotypes or spontaneous malignant transformation
occur [79]. For this reason keratinocytes from more than one skin specimen have to be
used over the course of experiments. Therefore there are donor-related variations in
keratinocytes derived from different donors [78]. Experience shows that these
differences are less marked with young age of the donor. For this reason, only skin
samples of neonates were used in the present studies.

Because of the limited number of passages, stable transfection of normal
keratinocytes is not possible. Additionally, primary keratinocytes are highly refractory
to transfection, rendering transient gene expression studies difficult [80]. To
circumvene these obstacles, frequently immortalized cell lines are used for gene
expression studies. In contrast to primary keratinocytes, spontaneously immortalized
keratinocyte cell lines ae independent from donor variations and maintain their
clonogenic potential, even after a high number of passages [81]. The spontaneously
immortalized keratinocyte cell line HaCaT has been widely used as an in vitro
substitute for normal human keratinocytes. Compared to primary keratinocytes,
HaCaT cells show higher transfection efficiency and are less stringent in their growth
reguirements, which makes antibiotic selection and establishment of stably transfected
cell lines possible [82].
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In spite of cytogenetic alterations and mutation within the the p53 gene as well as loss
of various senescence genes [83], the HaCaTl cell line exhibits norrtumorigenic
growth [84] and has preserved the ability to express distinct differentiation markers,
such as involucrin, filaggrin and keratins [76,81]. HaCaT cells are also sensitive to
induction of apoptosis, similar to normal keratinocytes [85,86)].

However, experimental results with HaCaT cell lines have to be viewed under the
perspective that they do have genomic alterations for proteins that play a crucia role
in cell cycle progression. Cell death, therefore, might express different reactive

patterns than the wild type keratinocyte [86].

Northern Blot/Densitometric Analysis

Quantitative comparison between different samples in Northern blotting is only valid
when equal amounts of MRNA for each sample were loaded on the gel. In cell stress
experiments, when cell death and detachment of cells occurs, variations between the
samples can occur. For this reason results are typically equilibrated for the amount of
so called house keeping genes, such as GAPDH, that are presumably expressed in
equa amounts in each cell, independent from environmental conditions. In the present
study, different samples in one experiment are compared by computer-densitometric
equilibration for GAPDH. In time course experiments, equilibrated samples were
related to untreated control. Relative extent of increase or decrease in mRNA
expression therefore is dependent on basal expression in untreated control. For this
reason, comparisons in quantity of expression changes are not possible between
different experiments, since basal MRNA expression in untreated samples may vary

for each experimental setup.

I nduction of Apoptosis

Various methods to induce apoptosis in cell cultures have been described. Incubation
with ligands of death receptors such as FasL/CD95 or TNF-a [51,87], g-radiation
[88], UV-B radiation [89], DNA damaging agents [90], or deprival of growth-factors
[91] have been shown to induce apoptosis. These treatments act via different
mechanisms to activate the cell death program, but eventually converge into the
proteolytic cascade that leads to apoptosis [56,92].
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In this study, human keratinocytes and HaCaT cells were stressed with different
stimuli to induce apoptosis. Treatment with camptothecin results in DNA damage
followed by nuclear death signals [93], deprival of growth factors leads to
sensitization of keratinocytes to apoptotis[94,95] and g- radiation and UV-B radiation
induce programmed cell death via multiple membrane-derived, cytosolic and nuclear
sgnds [62,96]. In preliminary experiments the dose of each apoptotisis inducing
treatment was determined in order to achieve maximal IEX-1 mRNA signa with
minimal cell death via necrosis (or cell detachment).

By applying severa different inducers of apoptosis to the keratinocyte model,
multiple pathways to the suicide program are covered.

Apoptosis Assays

A multitude of assays exist to assess apoptotic activity in cell culture, ranging from
pure microscopic analysis of cell morphologies to flow cytometric assessment of
membrane and nuclear staining.

Microscopic assessment of apoptotic morphology and DNA fragmentation by
Southern Blotting have been used to investigate apoptosis. However, they are not
always accurate in differentiating necrotic from apoptotic cell death [97]. TUNEL
assay with subsequent light microscopic analysisis awidely used method in apoptosis
research, but exact standardization of the method is crucial and quantification remains
aproblem, if the number of apoptotic cellsis very small [98]. Staining with annexin, a
marker for apoptotic membrane changes, and counterstaining with propidium iodide,
a marker for dead cells, with subsequent flow cytometric analysis (FACS) has been
considered the method of choice for apoptosis measurement [99]. But application in
adherent cell cultures remains a problem, since trypsinization of cultures for FACS
effects the annexin staining [100,101].

For this present work, we were able to establish two apoptosis assays for adherent
keratinocyte cultures. Neither test is dependent on subjective microscopic assessment.
The two assays measure apoptotic activity at two different, crucial stagesin the course
of programmed cell death: the caspase 3 assay by biochemically measuring enzymatic
activity of a key apoptotic enzyme, the nucleosome ELISA by immunologically
showing abundance of a specific apoptotic product. Together these assays meet the
demand that two independent methods should be applied to assess apoptosis [98].
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In both assays, unequa cell number in the samples results in differences of signal
activity. This problem was avoided in the Caspase 3 Activity Assay by equilibrating
for same amounts of protein in all samples (method section 2.8.1).

Due to the experimental setup of the ELISA, an equilibration for cell number is not
possible. Variations between the samples were kept as small & possible by plating
equa numbers of cells a high density and by initiating the treatment during

exponential growth, soon after the cells have attached to the culture dish.
4.2 Discussion of Results

Immediate-early genes are criticad mediators of cell responses, resulting from
dterations in environmental conditions or exposure to stress-inducing stimuli.
Recently, a new member of the immediate-early gene family, 1EX-1, with yet
unknown function has been described. In this study, the role of 1EX-1 in regulating
key functions of cell proliferation, differentiation and apoptosis of human

keratinocytes was investigated.

IEX-1 was initially found to be upregulated after g-irradiation in the SCC-35
sgquamous carcinoma cell line [9]. The present study demonstrates that 1EX-1 is
upregulated in a similar manner after g-radiation in normal human keratinocytes
(Figure 5). Interestingly, IEX-1 mRNA reaches maximum levels earlier and returns to
basal levels more promptly after radiation of human keratinocytes compared to SCC-
35 cdlls. These differences in regulation of 1EX-1 expression and kinetics might be
attributable to cell type-specific features, since carcinoma cell lines show variationsin
their response to mitogenic and stressful stimuli compared to primary cells [82]. Like
the HaCaT cell line, the SCC-35 cdll line is radiation resistant [102] and mutations in
the tumor suppressor gene p53 have been implicated in this resistance [103]. The p53
gene is a nuclear phosphoprotein that has been demonstrated to play a key role in
cellular damage responses, particularily in radiationrinduced cell cycle arrest and
apoptosis [104-106]. Wild type p53 is a sequernce specific DNA binding protein that
regulates transcription of a variety of genes, such as p21“@ by binding to p53
specific binding regions within their promoter element [107-109]. Similar to the

p21"@1 gene [110], which is a well characterized p53 target gene that is directly
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involved in p53 dependend cell cycle arrest [111], the promoter sequence of 1EX-1
contains a functional p53 binding site [69]. It has been suggested that 1EX-1 is a p53
target gene in p53 dependent cell cycle arrest and apoptosis [112]. Mutation of p53 in
the SCC-35 cell line may be expected to result in changes in specific stress response
regulatory pathways upstream of 1EX-1 and/or alter binding capacity of p53 to the
|EX-1 promoter. In both cases IEX-1 upregulation patterns might be changed in the
carcinoma cell line compared to the primary keratinocytes. This may, in turn, provide
the SCC-35 cell with the ability to become radiation resistant.

Similarly, this explanation might also be relevant to the observation of a prolonged
IEX-1 response after UV-B radiation of HaCaTl cells compared to primary
keratinocytes (Figures 6 and 9). Not only is p53 involved in stress response after g
radiation, but also seems to mediate stress response to UV-B induced cell damage:
Studies examining UV-B induced tumors of the skin [113], upregulation in the
epidermis after UV-B exposure in vivo [114] and mediation of UV-B induced
apoptosis in keratinocytes in vivo [115] and in vitro [85] suggest an important role for
p53 in the UV-B stress response. A recent study postulates a repressor function of p53
for IEX-1 transcription. By systematic examination of the |[EX-1 promoter using gene
reporter assays with IEX-1 promoter truncations, the authors demonstrate a p53
response element that represses 1EX-1 promoter activity [116]. The mutations in the
p53 gene in the HaCaT keratinocytes result in conformational changes in the p53
protein [117,118]. Decreased affinity to the p53 responsive element in the IEX-1
promoter region due to atered protein structure might lead to decreased repression of
transcription and therefore alter IEX-1 upregulation pattern in HaCaT cells. Taken
together these data indicate that IEX-1 might be involved in cellular post-stress
modifications and is at least partially controlled by the tumor suppressor p53. The role
of IEX-1 as a stress response gene is further supported by the fact that its expression is
regulated by a number of transcription factors known to be involved in immediate cell
cycle regulation. So is SP1, a preformed cytosolic transcription factor, a
transcriptional activator of IEX-1 and it seems that the ratio of p53 and SP1 is of
importance for physiological levels of gene expression [116]. The IEX-1 promoter
sequence contains a NFkB binding site [69]. The NFkB family consists of
transcriptional activators, such as p65, p50, p52, and c-Rd, that bind to DNA in a
sequence specific manner [119]. In the cytosol NFkB is bound to IkB. Activation of
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the pathway by extracellular signals, such as binding of transforming growth factor b
(TGFb) to its receptor leads to phosphorylation and degradation of 1kB. NFkB is
tranglocated to the nucleus and activates transcription of immediate early genes [120].
Recently it has been shown that overexpression of a dominant negative inhibitor of
NFkB ablated TGFb mediated induction of IEX-1 [121]. The fact that the regulating
elements in the IEX-1 promoter sequence are highly conserved among different
mammalian species [66,122] supports the hypothesis that the IEX-1 promoter evolved
to mediate transcriptional response under the influence of a variety of distinct types of
growth related stimuli [122].

Marked differencesin IEX-1 upregulation dynamics after stress of keratinocytes with
g or UV-B irradiation were observed (Figures 5 and 6) and can be explained by the
physical differences and physiological consequences of treatment with either g-or UV-
rays. It is difficult to define an equivalent energy dose of UV-B irradiation and ¢
irradiation to directly compare the differences in cell damage and stress response on a
target cell. Gamma or UV-B irradiation exert thelr effects in the cell via distinct
mechanisms. Gamma-radiation with 10 Gy damages DNA to a greater extent than
UV-B, but does not affect targets typically involved in the response to UV-B radiation
at 40 mJYcnt, such as the cell-membrane, membrane bound receptors and cytosolic
kinases [89,123].

Gamma-radiation mediated DNA damage might directly lead to activation of
preformed transcription factors [124], mediating upregulation of IEX-1 and thereby
causing a rapid and transient induction. UV-B radiation results in the recruitment of
various pathways [89,125,126] that might first have to be activated to upregulate 1EX-
1. Various pathways might result in the upregulation of 1EX-1 at different stages,
evoking a delayed and more persistent |EX-1 response after UV-B, as compared to ¢
irradiation (Figure 21).

UV-B radiation induces multiple cellular events that can lead to transcriptional
activation of cell stress response genes. An important effect of UV radiation is ligand-
independent dimerization and activation of membrane bound receptors, leading to
activation of specific downstream pathways [62]. The death receptor FAS/CD95 can
be activated independently from its ligand, mediating apoptosis in HaCaT cells after
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UV-radiation [127]. Similarly, the EGF receptor is phosphorylated in keratinocytes
after UV-radiation [128], and it has been shown that HO, plays a maor role in
mediating phosphorylation of the autocatalytic EGFR kinase domain [26,129].
Ultraviolet radiation leads to extensive formation of reactive oxygen species, sich as
hydrogen peroxide (H.0;), superoxyde radical (%0,) and hydroxyl radica (*OH)
[123]. It has been proposed that HO» serves as an intracellular second messenger
[130,131].

In keratinocytes 1EX-1 is upregulated in a time and dose dependent manner by UV-B
radiation hydrogen peroxide (H2O,) and treatment with epiderma growth factor
(EGF), the naturd ligand of EGFR (Figures 6-8). Taken together, these findings
indicate that UV-B induced upregulation of 1EX-1 mRNA may be mediated by EGFR
dependent pathways. This hypothesis is further supported by the finding that blocking
EGFR-signaling with the highly specific EGFR-tyrosine kinase inhibitor PD153035
significantly decreases IEX-1 promoter activity (Figures 11 and 21). The observed
downregulation of 1EX-1 mRNA at later time points in the course of the experiments
in spite of persisting EGF or HO, treatment can be explained by desensitization,
internalization or downregulation of EGFR, and degradation of HO, respectively
(Figures 7 and 8).

To show a direct connection between formation of hydrogen peroxide and EGFR-
mediated 1EX-1 upregulation, further experiments with UV-B radiation of cell
cultures after blocking of EGFR, or pretreatment with radical scavengers are needed.
The fact that withdrawal of serum results in an even greater decrease in 1EX-1
promoter-activity than blockade of EGFR with PD153035 suggests that EGF might
not be the only regulating mitogen inducing IEX-1, since fetal bovine serum contains
a variety of undefined mitogenic substances that can interfere with growth related
gene expression [132]. One known mitogen known to effect IEX-1 expression is
1,25(0OH),-Vitamin-D3. The steroid hormone vitamin D has been shown to promote
cell differentiation in keratinocytes [133] and alter expression of known growth
controlling genes [134]. After binding to a cytosolic receptor, the hormone-receptor
complex is translocated to the nucleus where it exerts transcriptional nodulation at
gpecific Vitamin D response elements (VDRE) in the promoter region of growth
regulating genes [135,136]. The IEX-1 protein has been shown to be trand ocated from
the nucleus to the perinuclear region after keratinocyte treatment with 1,25(OH),-
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Vitamin-Ds [70]. Also Vitamin D inhibits IEX-1 on a transcriptional level [70], and an
active vitamin-D response element (VDRE) in the IEX-1 promoter region has been
identified [122]. These data implicate that 1EX-1 not only is responding to immediate
cell stress but also is involved in long lasting growth and differentiation control
mechanisms.

TNF-a

Vitamin-D

>

EGF-R Src

tyrosine
kinase,

EGFR EGFR-P _L =
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uv

v

1
downstream
N — — NFkB-1kB
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Figure 21. Overview of Potential Pathways Regulating 1EX-1 Expression. Stress-inducing
stimuli lead to DNA damage. Intranuclear proteins translocate or are induced and lead to activation of
cytoplasmatic kinases that, in turn, activate transcription factors, such as SP1 or NFkB, that induce
transcription of IEX-1. p53 activation in turn leads to repression of IEX-1 transcription. UV-B also
induces formation of reactive oxygen species (ROS) that damage DNA and activate EGFR tyrosine
kinase. Recruitment of downstream pathways leads to activation of transcription factors that induce
[EX-1. In addition, UV-B irradiation activates membrane bound kinases that lead to initiation of PKC-
dependent pathways which also regulate transcription. TNFa pathway activation leads to dissociation
of IkB and NFkB. NFkB is translocated to the nucleus and activates IEX-1 transcription. Binding of
1,25(0OH),-Vitamin D; to its cytosolic receptor (VDR) leads to nuclear translocation of the complex
and modification of IEX-1 transcription.
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IEX-1 overexpression increases the growth rate in nonstressed, replicating HaCaT
cell cultures (Figure 15). It was not clear whether this could be attributed to decreased
cell death or to enhanced proliferation. The observation that 1EX-1 overexpressing cell
cultures demonstrate greater numbers of detached, floating cells with higher apoptotic
activity compared to control cell cultures suggested enhanced proliferation rather than
decreased cell death (Table 3). Interestingly, in nonstressed, replicating cell cultures,
no difference in Caspase 3 activity between IEX-1 overexpressing or control-
transfected HaCaTl cells was observed (Figure 16). This shows that IEX-1
overexpression alone does not ater the rate of apoptosis in the absence of stress.
However, cell stress with apoptosis-inducing treatments, such as UV-B, camptothecin
or withdrawal of serum lead to markedly higher Caspase 3 activity and nucleosome
formation in the IEX-1 over-expressing HaCaT cell line, compared to the control cell
line (Figures 17 and 18). Furthermore, the observation that detached cells of the IEX-1
cell culture exhibit higher Caspase 3 activity than shamtransfected cell cultures,
supports these findings, since cell-cell interaction and communication with the
extracellular matrix are important for cell integrity, and loss of these interactions can
induce apoptosis [137-139].

In summary, over-expression of 1EX-1 in HaCaTs promotes growth and does not
affect basal levels of apoptosis, but additional cellular stress stimuli lead to activation
of anintracellular cell death program that might be crucially dependent on 1EX-1.

In accordance with these results recently Arlt et al. showed that in HelLa cells ectopic
expression of [EX-1 does not prevent cell death, but instead triggers apoptosis
induced by FASL, TNFa or etoposide. Transfection with IEX-1-antisense
hammerhead ribozyme decreased apoptotic response to death ligands and etoposide
[140]. In addition, Grobe et al. demonstrated that 293 cells, in which the 1EX-1 gene
had been functionaly disrupted, were significantly less sensitive to the above
mentioned cell death promoting treatments [141]. Moreover, it has been shown that
IEX-1 overexpressing HelLa cells display accelerated cell cycle progression [140],
whereas functional disruption of IEX-1 slowed progression from G1 to S-phase [141].

In contrast to the pro-apoptotic 1EX-1, its long form IEX-1L has been reported to be an
apoptosis-inhibitor [67]. It was suggested that IEX-1L was a non-spliced, anti-
apoptotic variant of the original IEX-1. Meanwhile the existence of |EX-1L has been
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(151) /I...cccgecageggceccctgecgggegecccagegcectctcgecgggecaccgaaagegeagecge

(211) agggt tctctaccctcgagtg[gtgagtatcgccgaagtgggceattcgecggggtgegetge
. =
(271) cctggagtcactggggaacgacccgactccagaggcctcgacctgacctgtctecctgttt

(331) tgtctccccttag]gtccggegecagetgecagtcgaggaaccgaacccagccaaaaggct

(391) tctetttctgetgetcaccategtcttctgccagatectgatggetgaagagggtgtgec ... /7

Table 4. IEX-1 Gene: Region of Intron Site. Intron bold and in brackets, arrows indicate
differences between the long form 1EX-1L and wild type (wt) IEX-1. Deletion of a guanine base at
position 344 (- ) results in lack of an acceptor site for splicing. This causes transcription of the intron

sequence. The deletion of a guanine at position 303 (-) explains why the expressed intron in IEX-1L is
only 111bp compared to the 112bp in the wt-sequence. The insertion of a cytosine base in position 215
prevents nonsense transscription.

guestioned, and is thought to be an artificial, mutated PCR product, not expressed in
vivo (Table 4). The anti-apoptotic effects of IEX-1L are likely due to dominant-
negative inhibition of endogenous 1EX-1 [68].

The differences between the 1EX-1 and IEX-1L protein sequences might also explain
the different subcellular localization. |EX-1L was reported to be predominantly found
in perinuclear regions and in the endoplasmatic reticulum [67], whereas the present
study reveals intranuclear localization of 1EX-1 in HaCaT cells, by GFP-tagging, as
well as immunostaining (Figures 12 and 13). Trandation of the intron sequence might
lead to conformational changes in the protein, preventing its nuclear trandocation.
Extranuclear localization and nuclear-cytoplasmatic translocation of GFP-tagged
wild-type IEX-1 has been reported [67,70]. The IEX-1 protein sequence contains
putative glycosylation and phosphorylation sites [9]. Glycosylation status and/or
phosphorylation with subsequent conformational changes might be responsible for the
subcellular distribution of the protein. The conformational changes of the protein
might prevent immunostaining of the extranuclear 1EX-1 protein. Similar observations
were made for the p53 protein, when exclusively intranuclear or extranuclear p53 was
found, depending on the antibody used for immunostaining [142].
Immunohistochemical staining has aso been reported to depend on the
phosphorylation status of the p53 protein [118]. Conformational and structural
changes of proteins may result in functional alterations, for nuclear exclusion of p53
results in inactivation of p53 function [143,144]. Similarly, 1EX-1 could exert
functions in different subcellular localizations, depending on cell type, differentiation

status or environmental conditions.
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In vitro, the protein seems to accumulate in distinct nuclear regions (Figures 12 and
13), suggesting that the protein is exerting its function at specific intranuclear sites.
The protein might be binding to certain DNA regions and play a regulatory role in
gene transcription. The putative histone binding region [9] might enable the IEX-1
protein to bind to histone-DNA complexes. In the nucleus double helix DNA is
wound twice around DNA-binding nuclear protein-polymers, called histones to
protect and stabilize chromosomes [145]. Gene transcription requires separation of
DNA from histones [146], and access to DNA is regulated by a diverse array of post-
trandational modifications of histones. Acetylation of histone amino-termini leads to
transcriptional activation, whereas de-acetylation and methylation of histones results
in transcriptional silencing [147]. Transition between these states is generated by
enzyme families called histone acetyl-transferase (HAT), histone de-acetylase
(HDAC) and histone methyl-transferase (HMTase). These enzymes can be recruited
by chromatin-modifying complexes, consisting of DNA sequence specific
transcription factors and proteins of the transcription factor family E2F and the pocket
protein family pRB, that seem to modulate histone modification[147,148]. A number
of immediate early response genes have been shown to exert their functions at least
partially by modifying histone modulation. So is p53 mediated upregulation of the cell
cycle regulatory protein p21"& dependent on recruitment of the p300 acetyl-
transferase [149], and the immediate early gene c-myc has been shown to build
complexes with proteins that possess HAT-activity [150], and possibly is involved in
activation of deacetylated, silenced genes in GO cell cycle phase upon transition into
G1 phase[151].

|EX-1 might be functioning in a similar way: Hypothetically, IEX-1 could be activated
under certain conditions, bind to histones, recruit other proteins to form a histone
modifying complex and thereby promote the transcription of cell cycle regulatory

genesinvolved in cell growth, survival and differentiation.

In the epidermis, IEX-1 is predominantly expressed in basal cell layers. In upper
layers, IEX-1 protein abundance was decreased, and in the stratum corneum no 1EX-1
expression was observed (Figure 20). Upon migration from basal layers to the upper
layers in the epidermis, keratinocytes enter the process of terminal differentiation,
characterized by changes in morphology and expression of specific differentiation
markers[22,23].
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Figure 22. Stagesin Cell Life and Correlation with 1EX-1 Expression.

This suggests that IEX-1 expression in keratinocytes might be dependent on the
differentiation status of the cell. This hypothesis is also supported by the previous
observation that IEX-1 mRNA expression was downregulated in primary keratinocyte
cultures after reaching confluence, after Vitamin D treatment and after growth factor
withdrawal [70]. Either of these conditions or treatments induce growth arrest and
have been suggested to induce differentiation in human keratinocytes [72,133,152].
Similarly, IEX-1 was reported to be significantly downregulated in freshly isolated
monocytes upon differentiation to macrophages by exposure to differentiation
inducing stimuli [11].

Recent unpublished Northern blotting experiments show delayed expression of the
keratinocyte differentiation markers K1, K10 and Involucrin in IEX-1 overexpressing
HaCaT as compared to sham-transfected HaCaT following serum deprivation. These
experiments imply that 1EX-1 is not only downregulated during cell differentiation,
but downregulation of IEX-1 might be required for initiation of differentiation. These
findings are in accordance with the proliferationpromoting function of IEX-1: Upon
differentiation, keratinocytes and HaCaT cells in culture loose clonogenic potential
[81,153,154]. In vivo, differentiation of keratinocytes in the epidermis is accompanied
by loss of mitotic activity [155]. Additionally, it has been shown that growth arrest of
keratinocytes and HaCaT is followed by decreased susceptibility to apoptosis [86].
The proliferationpromoting function of 1EX-1 in differentiated cells is not required,
and therefore, its expression is decreased upon differentiation or growth arrest in vitro
and in differentiated epidermal layersin vivo.

In this context, the observed high apoptotic activity in IEX-1 overexpressing HaCaT
cells during withdrawa of serum (Figure 19) might not necessarily be a direct

response to the cell stress, but rather represent a response to an interna conflict
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between contradicting signals. Similar observations have been made for the proto-
oncogene c-myc: Overexpression of c-myc drives cell cycle progression and promotes
proliferation [156]. Following growth factor withdrawal, c-myc expression was
downregulated , and cells exited the cell cycle, whereas c-myc overexpressing cells
underwent apoptosis [157]. Deprival of serum results in intracellular signaling
changes that induce growth arrest and initiate differentiation [72]. This stays in
conflict with constitutive overexpression of growth promoting genes like 1EX-1 or c-
myc, resulting in an impaired balance of growth-arresting and proliferation-enhancing
signaling pathways. It has been shown that, in the case of conflicting information
about further progression through the cell cycle the cell suicide program is activated
[5,158] (Figure 23).

IEX-1 CELL IEX-l?
« EXIY REPLICATION ———— PROLIFERATION
SERUM WITHDRAWAL

!

GROWTH ARREST SIGNAL

EX-1), iEx-1 4
GROWTH IMBALANCE
ARREST (Conflict)

TERMINAL
DIFFERENTIATION APOPTOSIS

Figure 23. Conflict Model for IEX-1 Overexpressing HaCaT
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It seems paradoxical that a proliferation enhancing gene is significantly upregulated as
aresponse to damaging cell stress, since DNA damage resultsin atransient cell cycle
arrest to alow for damage repair or, in case of extensive damage, programmed cell
death[8,91]. A similar observation has been made for c-jun, a transcription factor that
drives proliferation and G1- to Sphase progression by repression of p53 controlled
upregulation of the cyclin-dependent kinase (CDK) inhibitor p21 [159].
Surprisingly c-jun is upregulated and activated as a result to treatment with various
DNA damaging agents [160,161]. In a recent study Shaulian et al. proposed an
explanation for this phenomenon: C-jun deficient mouse fibroblasts exhibited
prolonged cell cycle arrest and resistance to apoptosis following UV irradiation. C-jun
overexpressing fibroblasts, in contrast, did not growth arrest, but underwent apoptosis
as aresponse to UV irradiation. These effects were exerted through inhibition of p53
association with the p21¥&" promoter. The authors argue that c-jun might be crucial for
cell-cycle re-entry following growth arrest after UV-irradiation [162]. IEX-1 could be
involved in similar cell cycle regulatory mechanisms. Under physiological conditions
IEX-1 could be promoting proliferation by either repressing transcription of cell cycle

14" or by enhancing expression of CDK -like proteins that

regulatory genes like p2
promote transgression of the cell cycle. In case of damaging cell stress an atenuation
of the IEX-1 signa in form of transcriptional upregulation might be necessary to
overcome growth arrest signals. Transgression through cell cycle checkpoints, without
growth arrest and damage repair, driven by constitutive IEX-1 expression might lead
to activation of cell suicide programs following DNA damaging insults and explain
the observed high apoptotic activity in the IEX cell line after Camptothecin or UV-B
treatment. Further studies investigating IEX-1 expression after inducing growth arrest
at various points in the cell cycle and investigation of interaction with other cell cycle
proteins will reveal more insight into IEX-1 cell cycle control.

In thisway IEX-1 could be having a dua role in cell cycle decisioning: On the one
hand proliferation enhancement, on the other hand apoptotis-facilitation. In the
absence of stress the pro-apoptotic effects of 1EX-1 might be suppressed by anti-
apoptotic signals. The significant upregulation of IEX-1 after cell damage might
overcome the anti-apoptotic suppression and lead to caspase activation with
subsequent initiation of the cell death program. In this case the proliferation
enhancing function of 1EX-1is possibly suppressed. If IEX-1 upregulation does not
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Figure 24. Dual Role of IEX-1

result in cell death or cell cycle progression, IEX-1 expression is rapidly
downregulated, to alow cell damage repair.

Similar findings have been reported for the cell growth regulatory gene c-myc: In cell
culture, c-myc activation is followed by increased cell growth preceeding DNA
synthesis and accelerated proliferation [163]. Alternatively, c-myc is interfering with
CD95/FAS and TNF-death pathways, promoting cell death [55,164]. Consequently a
modified dual function has recently been proposed for c-myc: Via one pathway the
gene promotes proliferation and primes the cell for apoptosis, while it triggers
apoptosis via a second, distinct pathway, that is suppressed under normal conditions
by survival factors[55]. Like c-myc, IEX-1 might serve arole as coordinating element
between cell proliferation and apoptosis, recruiting distinct pathways according to

varying environmental conditions.
4.3 Conclusions

The complexity of gene expression in cellular responses to stress, damage and
mitogenic stimuli is only beginning to be understood. With new applications in
molecular biology, important tools to investigate normal gene expression, pathologic
gene responses and therapeutic intervention in diseases, characterized by disturbed

cell proliferation will be available.

The immediate early response gene I1EX-1 is involved in cellular stress response and
proliferation. Like other known immediate early genes, such as c-myc, cjun or

p21"4 that are involved in the cellular stress response, 1EX-1 might also control
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progression through the cell cycle and play a role in mediating DNA damage repair,
growth arrest or apoptosis.

IEX-1 may be directly involved in the pathway of apoptosis but, more likely,
indirectly controls pro- or anti-apoptotic signals by gene regulation on a
transcriptional level. By dua signaling activities, IEX-1 may serve as a default
regulator within the cell, to promote its proliferation when cellular conditions are
favorable but also, to facilitate elimination of the cell by enhancing pro-apoptotic or
inhibiting anti-apoptotic pathways when stress is encountered. The rapid increase in
IEX-1 expression could be responsible for the default switch that converts
proliferation to programmed death within the cell.

These attempts to characterize the role of IEX-1 in keratinocyte proliferation,
differentiation and apoptosis, could give some insight into the function of 1EX-1. The
exact functions and pathways in which |EX-1 plays a regulatory role remain unclear

and further investigations will define the importance of 1EX-1 for cell integrity.

4.4 Future Per spectivesin | EX-1 Research

Future research to reveal more knowledge on the function of IEX-1 should focus on
three related main fields: i) The question of how IEX-1 gene expression is regulated

ii) Detailed analysis of protein structure and iii) Functional analysis of the protein.

|EX-1 gene regulation and the question in which pathways IEX-1 is involved could be
addressed by more extensive promoter studies. The promoter sequence could be
analyzed for known regulatory sequences and more detailed promoter-gene-reporter
experiments with truncated promoter elements could be performed.

The structure of the protein could be analyzed b revea specific properties of the
function and importance of the glycosylation and phosphorylation sites. Studies of
intracellular, especialy subcellular localization or intracellular trafficking will give
insght into the function.

The most promising feld is predicted to be functiona analysis of the 1EX-1 gene.
Gene over-expression studies of the IEX-1 in primary keratinocytes could be

performed using viral expression vectors.
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Gene suppression studies could aso give vauable information about possible
functions of IEX-1. In this context the 1EX-1L protein could be used as a dominant
negative to suppress wild type IEX-1-protein function by competitive inhibition.
Another possibility is overexpression of IEX-1 anti-sense mRNA or blocking gene
transcription by binding peptide nucleic acids (PNA) to parts of the coding region of
[EX-1.

Finally, transgenic anima models could give new insight into IEX-1 function and its
relevance in vivo. In our laboratories a transgenic murine model is currently being
established. In this model IEX-1 overexpression is directed exclusively to the
epdermis by subcloning the I1EX-1 sequence into a vector bearing the involucrin

promoter, to study the impacts of 1EX-1 overexpression on keratinocytesin vivo.
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5. Summary

In the present study IEX-1 a novel, stress induced and differentiation regulated
immediate early gene has been further characterized. Gene-regulation and function
were investigated in the keratinocyte and HaCaT model.

Gene regulation after cell stress or mitogenic treatment were investigated with
Northern blotting and promoter studies. In gene expression studies in HaCaT cells
effects of IEX-1 on proliferation, differentiation and programmed cell death were
examined. In addition, subcellular localization of IEX-1 protein in vitro was
investigated using immunohistochemical and molecular-biological methods. Tissue
distribution of IEX-1 protein in the epidermis was defined.

It was attempted to define possible activation pathways of |EX-1 and its involvement
in proliferation, differentiation and programmed cell death. The results of the present

study can be summarized as follows:

Treatment of primary keratinocytes and HaCaT cells with stress or mitogenic stimuli
is followed by a rapid and transient up-regulation of 1EX-1 mRNA, that possibly is
mediated by an EGFR-controlled pathway.

Over-expression of 1EX-1 enhances proliferation in HaCaT cells without changing
death rate in the culture.

IEX-1 over-expression does not enhance apoptosis of HaCaT cells in unstressed,
replicating cell cultures, but renders HaCaT cells susceptible to apoptosis inducing

treatments.

Invitro and in vivo IEX-1 expression is dependent on an undifferentiated state of the
cell.
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