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Summary

Summary

Development of treatment strategies of chronic inflammatory disorders relies on ongo-
ing progress in drug discovery approaches and related molecular biologics. This study
presents a gene reporter-based approach of phenotypic screening for anti-inflammatory

compounds in the context of rheumatoid arthritis (RA).

CEBPD gene, used as the target gene for the screening readout, encodes CCAAT/en-
hancer binding protein delta (C/EBPS) transcription factor (TF). Structural and regulatory
characteristics of CEBPD gene as well as function of C/EBP& TF in the context of inflam-
mation satisfied assay requirements. C/EBP& TF acts as a key regulator of inflammatory
gene transcription in macrophages (M) and is observed to contribute to disease devel-

opment in both a rodent model of RA and RA patient biopsies.

Despite well-described pro-inflammatory effects of C/EBPS TF, it functions as a cell con-
text-specific signal integrator showing also an anti-inflammatory activity. Consequently,
both activation and inhibition of CEBPD alike may display a desired anti-inflammatory
effect. The aim of this study was to develop a high-throughput screening assay for
CEBPD-modulating compounds and confirm hit compounds’ anti-inflammatory effects

via gene expression analysis.

Generation and characterization of a multi-gene-reporter cassette 1.0 encoding enzy-
matic secreted alkaline phosphatase (SEAP) gene reporter was a priority during the as-
say development. Chemiluminescent SEAP assay demonstrating high assay sensitivity,
broad linear range, high reproducibility and repeatability was chosen to monitor activity
of the defined CEBPD promoter (CEBPD::SEAP). PMA-differentiated and M1-polarized
THP-1-derived M stably expressing multi-gene-reporter cassette 1.0 were used as the
assay’s cellular system. mRNA expression of both reporter CEBPD::SEAP and endoge-
nous CEBPD mirrored each other in response to a LPS and IFN-g-triggered inflammatory
stimulus (M1 treatment), even though the defined CEBPD promoter region, utilized in
the assay, contained only the most proximal and known regulatory sequences. SEAP
chemiluminescence in the reporter cells” supernatant reliably correlated with the M1
treatment-induced CEBPD::SEAP gene expression. The final screening protocol was de-

veloped for semi-automatic screening in the 384-well format.

In total, 2054 compounds from LOPAC®'28% and ENZO®774 libraries were screened twice
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using the enzymatic SEAP readout with subsequent analysis of 18 selected compounds:
nine with the highest and nine with the lowest signals, further characterized by gPCR.
Gene expression levels of endogenous CEBPD, CEBPD::SEAP reporter as well as, IL-6,
IL-1B, and CCL2 as inflammatory markers were quantified. qPCR assays failed to corre-
late to SEAP readout in 15 compounds within three standard deviations (SDs) from sol-
vent control: nine low signal and six high signal compounds. Demonstrating both assay
sensitivity and specificity, a correlation between gPCR gene expression and SEAP
readout was observed for three hit compounds with signals above three SDs: BET inhib-
itors (BETi) GSK 1210151A and Ro 11-1464 as well as an HDAC inhibitor (HDACi) vori-
nostat. The control compound trichostatin A (TSA) that reproducibly upregulated SEAP
readout is also an HDAC inhibitor with a similar structure to vorinostat and was there-

fore included in the anti-inflammatory phenotype analysis.

The observed suppression of IL-6, IL-18, and CCL2 gene expression by hit compounds
suggested their anti-inflammatory effect in THP-1 reporter M. mRNA expression of
IL-6 and CCL2 was suppressed by HDACi and BETi at both 4 and 24 hours, while BETi
reduced IL-13 mRNA expression 24 hour time point. BETi significantly upregulated gene
expression of both reporter CEBPD::SEAP and endogenous CEBPD, 4 hours after M1
treatment. At the same time point, HDACi completely abolished the mRNA expression
of the endogenous CEBPD, while simultaneously upregulating mRNA expression of the
reporter CEBPD::SEAP. The use of the most proximal 300 base pairs region of endoge-
nous CEBPD promoter, making the upstream regulatory elements unavailable in the as-
say, may account for differential expression levels of SEAP and C/EBPS TF. This observa-
tion corroborated the need to include a longer and more extensive CEBPD’s gene regu-
latory area. Thus, an improved multi-gene-reporter cassette 2.0 was generated to be
used on the basis of a bacterial artificial chromosome (BAC) covering CEBPD’s genomic

area of about 200,000 base pairs.

The generated screening assay is flexible, reliable, and sensitive displaying potential for
drug discovery and drug repurposing. The pharmacological modulation of CEBPD gene
expression, first reported for GSK 1210151A, Ro 11-1464, and vorinostat, contributes to
the understanding of inflammatory responses in M@ and may have RA therapeutic ap-

plications.
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Zusammenfassung

Die Entwicklung alternativer Behandlungsstrategien von chronisch-entziindlichen Er-
krankungen baut auf dem kontinuierlichen Fortschritt in der Wirkstoffentdeckung und
der damit verbundenen Molekularbiologie auf. Diese Arbeit prasentiert einen genre-
porterbasierten Ansatz eines phanotypischen Screenings zum Erkennen anti-entziind-
lich wirkender Verbindungen im Kontext von Rheumatoide Arthritis (RA).

Das CEBPD Gen, das fiir den CCAAT/enhancer binding protein delta (C/EBP&) Transkrip-
tionsfaktor (TF) kodiert, stellte das Zielgen fiir den Screening-Readout dar. Strukturelle
und regulatorische Charakteristika von CEBPD sowie die Rolle von C/EBP& TF im Entzin-
dungsprozess erflllten die Anforderungen des gewahlten Screening-Ansatzes. C/EBP&
TF fungiert als zentraler Regulator entziindlicher Gentranskription in Makrophagen
(M) und wurde beobachtet, sowohl im RA-Tiermodell als auch in Gewebeproben von
RA-Patienten, zur Krankheitsentwicklung beizutragen.

Trotz prominenter pro-entziindlicher Wirkung von C/EBP& TF, fungiert er als zellkon-
textspezifischer Signalintegrator, der auch eine anti-entziindliche Wirkung zeigt. Folglich
kénnen sowohl Aktivierung als auch Hemmung von CEBPD eine erwiinschte anti-ent-
ziindliche Wirkung hervorrufen. Ziel dieser Arbeit war es, einen Hochdurchsatz-Scree-
ning-Assay fiir CEBPD-modulierende Verbindungen zu entwickeln und die entzlindungs-
hemmende Wirkung der Trefferverbindungen (Hits) durch Genexpressionsanalyse zu
untersuchen.

Die Generierung und Charakterisierung der Multigenreporterkassette 1.0, die sezer-
nierte alkalische Phosphatase (SEAP) als Genreporter exprimiert, war eine Schlisselauf-
gabe bei der Assay-Entwicklung. Der chemilumineszente SEAP-Assay zeigte eine hohe
Sensitivitdt, einen breiten linearen Bereich, sowie eine hohe Wiederholbarkeit und Re-
produzierbarkeit und wurde daher zur Aktivitatsiiberwachung des definierten CEBPD-
Promoters (CEBPD::SEAP) gewahlt. PMA-differenzierte und M1-polarisierte THP-1 Re-
porter M, die die generierte Multigenreporterkassette 1.0 stabil exprimierten, stellten
das zelluldre System des Assays dar. Die mRNA-Expression des CEBPD::SEAP Reporters
und des endogenen CEBPD spiegelten sich in Reaktion auf die Behandlung mit LPS und
IFN-g (M1-Behandlung), obwohl der definierte CEBPD-Promoter, der im Assay verwen-
det wurde, nur die proximalsten regulatorischen Sequenzen enthielt. SEAP zeigte die

M1-behandlungsinduzierte CEBPD::SEAP Genexpression durch ihr erhdhtes Niveau im
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Uberstand von THP-1 Reporterzellen zuverlassig an. Das endgiiltige Protokoll wurde fiir
das halbautomatische Screening im 384-Well-Format entwickelt.

Insgesamt wurden 2054 Verbindungen von LOPAC®%% yund ENZO®’74 Bibliotheken mit
Hilfe des enzymatischen SEAP-Readouts zweimal untersucht und anschlieBend 18 Ver-
bindungen - neun mit dem hochsten und neun mit dem niedrigsten SEAP-Signal - mittels
gPCR analysiert. Die Genexpressionsniveaus von endogenem CEBPD, CEBPD::SEAP Re-
porter sowie IL-6, IL-118 und CCL2 Entzlindungsmarker wurden quantifiziert. gPCR-Assays
korrelierten nicht mit dem SEAP-Readout bei 15 Verbindungen innerhalb von drei Stan-
dardabweichungen (SDs) von der Losungsmittelkontrolle: neun mit dem niedrigsten und
sechs mit dem hochsten SEAP-Signal. Bei drei Hits mit SEAP-Signalen liber drei SDs, den
BET-Inhibitoren (BETi) GSK 1210151A und Ro 11-1464 sowie einem HDAC-Inhibitor
(HDACI) Vorinostat, wurde eine Korrelation zwischen dem gPCR-Assay und dem SEAP-
Readout beobachtet, was sowohl die Assay-Spezifitat als auch die Sensitivitat zeigte. Die
Kontrollverbindung Trichostatin A (TSA), die reproduzierbar ein hohes SEAP-Signal ver-
ursachte, gehort auch zu den HDACi und wurde daher in die Hit-Analyse mit einbezogen.
Alle vier Hits zeigten ihre entziindungshemmende Wirkung durch die Suppression der
Genexpression von IL-6, IL-1R und CCL2. HDACi und BETi unterdriickten die mRNA-Ex-
pression von IL-6 und CCL2 4 und 24 Stunden nach der M1-Behandlung, wahrend BETi
die IL-1R mRNA-Expression reduzierten. BETi regulierten Genexpression des
CEBPD::SEAP und des endogenen CEBPD 4 Stunden nach der M1-Behandlung hoch. Zum
gleichen Zeitpunkt, unterdriickten HDACi die mRNA-Expression des endogenen CEBPD,
wahrend sie diese des CEBPD::SEAP Reporters hochregulierten. Fiir die unterschiedli-
chen Expressionsniveaus von SEAP und C/EBPS TF kann die Verwendung der proximals-
ten 300 Basenpaare Region des CEBPD-Promoters verantwortlich sein, wodurch die dis-
talen regulatorischen Elemente im Assay nicht verfligbar waren. Diese Beobachtung
zeigte die Notwendigkeit, einen umfassenderen regulatorischen Bereich von CEBPD zu
verwenden. Daflir wurde eine verbesserte Multigenreporterkassette 2.0 generiert, die
auf einem bakteriellen kiinstlichen Chromosom (BAC) exprimiert werden sollte, das ein
CEBPD-Genumfeld von 200.000 Basenpaaren umfasst.

Der entwickelte Screening-Assay ist flexibel, zuverlassig, sensibel und zeigt ein Potential
fur die Wirkstoffentdeckung. Die pharmakologische Modulation von CEBPD, erstmals
gezeigt fur BETi und Vorinostat, tragt zum Verstandnis von Entziindungsreaktionen in
M bei und weist mogliche therapeutische Anwendungen fiir RA auf.
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Introduction

1 Introduction

1.1 Phenotypic screening — a drug discovery strategy

Process of drug discovery starts with basic biology research focusing on characterisation
of original physiological and pathological signalling pathways, involved interactions, and
molecular interlayers. Obtained evidence is further investigated during pre-clinical re-
search using available or generating new cell-based or animal-based disease models. At
this step, promising pharmacologically active compounds are identified and character-
ized. Their safety and efficacy is further evaluated during clinical studies performed on
healthy volunteers and then on a targeted patient cohort. The most successful candidate
with desired and proven functions is finally released as a novel drug available for pa-

tients.

In drug discovery process, translational research aims to integrate basic biology evi-
dence into practical solutions. Therefore, translational research is considered to speed
up scientific discovery into applied therapeutic uses for a patient benefit.! Target-based
or system-based (phenotypic) screening approaches are used in preclinical research to

identify potential drug candidates.?

Phenotypic screening, which is defined as the testing of a large compound number in a
system-based manner,? is target-agnostic and focuses on monitoring of screening com-
pound-mediated changes in cellular phenotype.*> In contrary, target-based screening
relies on determined identity of target molecule and its molecular mechanism of action
(MMOA).2 Here it is important to consider pharmacological plasticity of identified drug
candidates, as a chosen target molecule is never static in an organism treated dynami-
cally.® Phenotypic screening advantageously enables identification of compounds that
act through unknown targets or unexpected MMOA for known targets.>*° In the period
from 1999 to 2013, 33 of first-in-drugs approved by U.S. Food and Drug Administration
(FDA) were discovered using a system-based approach and eight of them — by the phe-
notypic screening.? Several drug candidates such as bromodomain inhibitors derived

from a phenotypic screening.>’

Translational ability of phenotypic screening relies on a screening assay design defined

through three specific criteria associated with chosen pathological disorder — stimulus,
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system, and readout (Fig.1-1).# The chosen assay system is represented by a relevant
(and best available) in vitro or in vivo disease model that displays major disease-related
pathological aspects.* Phenotypic screening is mostly performed in a high-throughput
format using a well-established cell line. The chosen stimulus, applied during phenotypic
screening assay, should activate a relevant network of signalling pathways that contrib-
ute to the targeted disease pathology.? The chosen screening assay readout should dis-

play a close proximity to the clinical end point of selected disorder.*
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Figure 1-1: Overview of phenotypic screening characteristics in the context of a drug discovery pathway.
Drug discovery is a complex process that undergoes several stages. It originates at the level of basic re-
search, is directed toward clinical trials over translational research, and terminates at the desired stage of
drug associability for patients. Being a translational research approach, phenotypic screening is performed
in a target-agnostic manner and focuses on monitoring of compound-mediated changes in a cellular phe-
notype. In the chosen disease context, represented here by an in vitro disease model, the chosen stimulus
activates corresponding known and unknown signalling pathways (arrows) leading to phenotypic altera-
tions detected by the chosen readout. As cellular phenotype is also defined by the environment-respon-

sive gene and protein expression, promoter activity monitoring of a carefully chosen target gene can be
used as a screening readout.

During phenotypic screening, the choice of downstream readout beneficially enables
observation of a larger number of mechanisms that modulate cellular phenotype in a
chosen disease context.* Here, monitoring of gene expression as an assay readout gains

a special status relying on the connection of the gene function to a cellular phenotype.
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Accompanied by other factors, an environment-responsive gene and protein expression
define cell’s individual morphology and function resulting in a cell-specific phenotype.?
Gene reporter assays represent a specific category of phenotypic screening?® relying on
the relationship between gene expression and the resulting cellular phenotype. For a
reliable readout, this type of phenotypic screening requires careful selection of both tar-

get gene and gene reporter proteins.

1.2 Gene reporters in phenotypic screening: SEAP and GLuc

Gene reporter is a gene that is expressed under control of a chosen promoter and en-
codes an easily assayed protein.>° Reporter proteins reveal cellular processes in the cell
uncharacterized otherwise. Gene reporter assays belong to molecular-biologic instru-
ments widely-used to identify modulators of signal transduction and gene expression!-
13 and are also suitable for the phenotypic screening for drug candidates.'**> During
phenotypic screening, stimulation of an upstream receptor-mediated or receptor-inde-
pendent signalling activates transcription factors that bind a target promoter and acti-
vate a reporter gene.? Thus, the screening-compound mediated activation of a target
promoter is detected by measurement of reporter protein activity by the corresponding
assay. To the common gene reporters used in phenotypic screening belong intracellular
(e.g. chloramphenicol acetyltransferase, Firefly and Renilla luciferases, or fluorescent
proteins) or extracellular (e.g. SEAP, secreted luciferases) proteins.'* In this study, mul-

tiple reporter proteins such as SEAP and GLuc were used.

Secreted alkaline phosphatase (SEAP), derived from the membrane-bound human pla-
cental alkaline phosphatase (PLAP),® is a well-established gene reporter that is used for
monitoring of gene expression,” promoter activity,’® or endoplasmic reticulum (ER)
stress.'® SEAP enzymatic activity can be detected in lysates or cellular supernatants of
SEAP-expressing mammalian cells via colorimetric, fluorescent, or chemiluminescent as-
says. In absence of ER-stress affecting the secretory pathway, changes in SEAP levels in
cellular supernatant are linear to changes in intracellular SEAP mRNA and cell num-
ber.1620 SEAP displays a high protein stability with a half-live of over 20 days?! leading to
its accumulation in cellular supernatant upon promoter activation and so correlates with
bulk levels of target gene expression. SEAP is easy to distinguish from endogenous pro-
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teins as it is resistant to inhibition by L-homoarginine and shows high heat tolerance, in

contrary to other phosphatases.'®?2

Isolated from a marine copepod Gaussia princeps, Gaussia luciferase (GLuc) is one of the
brightest and smallest luciferases?*2?* and is used as a gene reporter for monitoring of
gene expression,?> promoter activity,?® ER-stress,?’ or protein-protein interaction.?® Be-
ing a naturally secreted protein,?® GLuc can be detected in both lysates and cellular su-
pernatants of GLuc-expressing mammalian cells. In the absence of ER-stress, changes in
GLuc levels in conditioned medium are direct proportional to cell number, growth, and
proliferation.?”?° GLuc oxidizes the natural substrate coelenteracine to coelen-
teramide®>3° — a light-producing molecule, which bioluminescent signal rapidly decays
after substrate addition. Chemiluminescent detection of GLuc requires, therefore, a lu-
minometer with a built-in injector. GLuc itself shows high protein stability in the condi-
tioned medium with a half-live of 6 days.3! As GLuc is a non-human protein, its detection
in cellular supernatants of human target cells is not biased by the activity of endogenous

proteins.

During phenotypic screening, the use of secreted enzymatic gene reporters like SEAP or
GLuc display following advantages: i) no need for cell lysis, allowing cells to be used for
further analysis; ii) temporally flexible detection of enzymatic activity in cellular super-
natants; iii) possibility to perform longitudinal studies; iv) reduced assay variability and
increased assay stability due to the long half-lives of reporters. Nonetheless, secreted
reporter assays show following limitations during screening: i) no indication of transfec-
tion efficiency or cell viability for transient transfected reporter cells; ii) sensitivity to ER
stress; iii) need to select distinct enzyme-specific substrates for the use of both enzymes
in the screening assay. Gene reporter assays may display further limitation in screening
reliability, as gene reporters are usually expressed under control of core promoters,

which can lack regulatory sequences present in endogenous promoter of a target gene.
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1.3 Target gene for screening readout encodes C/EBP&

1.3.1 Structure, regulation, and physiological function of C/EBP&

1.3.1.1 Structure of CEBPD gene, C/EBP6 mRNA, and C/EBPS protein

CCAAT/enhancer binding proteins (C/EBPs) belong to a family of transcription factors
(TFs) of the basic-leucine zipper (bZIP) class.3? The name refers to the ability of the first
identified C/EBP TF to bind CCAAT box of several promoters and core homology region
of some virus enhancers.?3 In mammalian cells, six members of C/EBP gene family were
identified to date: C/EBPa, C/EBPB, C/EBPy, C/EBPS, C/EBPg, and DDIT3 (CHOP, C/EBPY),

designated by Greek characters indicating the chronological order of their discovery.3

CCAAT/enhancer binding protein delta (C/EBPS, alternative names CELF, CRP3, NF-IL6p,
RcC/EBP2), is discovered in 3T3-L1 adipoblast cells in an effort to identify regulatory pro-
tein factors in the context of adipocyte differentiation.>> CEBPD gene that encodes
C/EBPS protein displays a very simple gene structure containing a distinct promoter and
a single exon.3> As CEBPD gene lacks introns, alternative promoters or alternative poly-
adenylation sites,3> a single C/EBPS mRNA is produced.3® CEBPD gene, which is among
the shortest human protein-coding genes (around 1.2 kilobases), is located on chromo-
some 8 (8p113¢ or 8q11.21: 47,738,164 - 47,736,913'*) (Fig.1-2). Homology analysis be-
tween human CEBPD and rodent cebpd genes reveals high similarity in protein coding
and untranslated regions, less similarity in proximal promoter region, upstream of tran-
scription start site (TSS), and no similarity in sequences downstream of transcription ter-

mination site.3®

According to different sources, C/EBP6 mRNA contains 12693 or 1252'* nucleotides
showing differences in length of the 3° UTRs. In this study, | refer to genomic information
for CEBPD gene (NC_000008.11), C/EBP& mRNA (NM_005195.4) and protein
(NP_005186.2) provided by NCBI'* (Fig.1-2). High instability with a half-time of 35-40
minutes and relatively short poly-adenylation tail characterize human C/EBP6
mRNA.3%37 Due to the lack of introns, C/EBP& mRNA cannot be exported from the nu-

cleus by exon-junction complex, however, mechanisms of C/EBP& mRNA nuclear export

1* Gene 1052 (CEBPD, Homo sapiens). Bethesda MD: National Library of Medicine (US), National Center for Biotech-
nology Information; 2004. https://www.ncbi.nlm.nih.gov/gene/1052. Accessed September 10, 2019.
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Figure 1-2: Genomic location and structure of human CEBPD gene, mRNA, and protein. Human CEBPD
gene (red arrow) is encoded on chromosome 8, where its cytogenetic locus location is reported as both
8p11 and 8q11.21. On 8ql11.21, CEBPD is encoded on a complementary strand at indicated positions,
surrounded by SPIDR, RNU6-665P, and PRKDC neighbourhood genes (grey arrows). This schematic draw-
ing is based on the GRCh38.p13 primary assembly (NCBI).** CEBPD gene NC_000008.11 contains a distinct
promoter and a single exon lacking introns, alternative promoters or polyadenylation sites. The single
C/EBPS mRNA NM_005195.4 (1252 nt) is translated into a C/EBP& protein (NP_005186.2), of which only
one full-length (269 amino acids, fist 10 are indicated in bold) functional protein isoform is known. C/EBP&
protein contains structural and functional domains including the highly conserved C-terminal basic leu-
cine-zipper (bZIP) module, the regulatory domain (RD), and the variable N-terminal trans-activation do-
main (TAD). bZIP contains TAIL sequence responsible for protein-protein interactions, the leucine zipper
(LEU-ZIP) required for dimerization, DNA binding domain (DBD) and FORK, both encoding nuclear locali-
zation signal (NLS), and basic/acidic region (BA). TAD and RD contain C/EBP intra-family conserved regions
(CR) CR-1to CR-8 (blue, green, and red areas) that are connected by low conservation regions (grey areas).
Individual functions of CRs are further described in text. TSS: transcription start site; ATG: translation start
codon; UTR: untranslated region; CDS: coding sequences.

have not been described yet.3® Derived from the intronless CEBPD gene, C/EBPS pre-
MRNA is not processed by the splicing machinery and is translated to a single C/EBP&
protein of approximately 28 kilo Daltons.3® To date, only one full-length (269 amino ac-
ids) functional C/EBPS protein is known.3¢:38 C/EBP& protein displays a short biological

half-life ranging between two and four hours in epithelial cells and macrophages.3”:38

C/EBPS TF is a modular protein containing an assembly of structural and functional do-
mains: C-terminal bZIP module, regulatory domain (RD), and N-terminal transactivation
domain (TAD) (Fig.1-2). The C-terminal amino acid sequence of bZIP is up to 90 % iden-
tical in all C/EBP isoforms.33383° The highly conserved bZIP module contains the pre-bzZIP
basic/acidic region (BA), the DNA binding domain (DBD), the fork sequence (FORK), the
leucine zipper (LEU-ZIP) dimerization domain and a post-bZIP C-terminal peptide —

TAIL3640 (Fig.1-2). The BA, DBD and FORK regions of bZIP share their basic amino acid
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nature and are responsible for DNA binding capacity and nuclear transport of C/EBPS.
As a structural part of C/EBP& TF, which directly interacts with DNA, DBD provides a
cognate recognition of specific sequences in the promoter regions of C/EBPS target
genes.3*3¢ The positively churched basic-amino-acid-rich DBD binds to a negatively
charged acidic DNA.*! Additionally, DBD, complemented by FORK sequence, serves as
the primary nuclear localization signal (NLS) for bZIP factors, including C/EBP8.#% In a
bZIP module of C/EBPS TF, leucine zipper is represented through a heptad of leucine
repeats that intercalate with that of the dimer partner resulting in a formation of a
coiled-coil of parallel oriented a-helices.*?® Thus, the LEU-ZIP is responsible for the for-
mation of homo- and heterodimers with other transcription factors of C/EBP family and
of a larger bZIP superfamily.3* The C-terminal peptide, TAIL, is identified in association
with many bZIP modules and is characterized as an extension of the zipper dimerization
domain.** It is proposed to act as a protein-protein interaction motif for diverse associ-

ations.*

The regulatory domain (RD) of C/EBP& TF serves as a platform for the most known and
described post-translational modifications. Specific amino acids, their location, and a

type of the post-translational modification of C/EBP are described later in this chapter.

The N-termini containing transactivation domain (TAD) are rather divergent with less
than 20 % sequence identity between C/EBP family members.3646 The TAD contains ef-
fector sequences that are reported to be important for protein-protein regulatory inter-
actions, which mediate C/EBP& TF’s trans-activation.3* Certain examples of such media-

tion are defined later in this chapter.

Sequence alignments of C/EBPa, C/EBPB, C/EBPS, and C/EBPs proteins reveal a presence
of short discretely conserved regions (CR, CR1 to CR7) in their regulatory and trans-acti-
vating domains3®4%47 (Fig.1-2). CR2, CR3, CR4, and CR6 reveal high conservation of pri-
mary structures even between species, whereas in CR5 and CR7 the similarities between
C/EBPs were found more relaxed.*® The conserved C/EBP CRs are connected by a so
called low complexity regions (LCR) displaying less degree on conservation.*° CR1 to CR4
constitute the N-terminally TAD and CR5 to CR7 are located in RD.*® Although, CR1 is
restricted to C/EBPB, sequence similarities are found in C/EBP&.%° CR2, CR3, and CR4 are
proposed to interact with components of the basic and inducible gene regulatory ma-
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chinery®*-1 resulting in modulation of C/EBP transcriptional activity. In TAD, LCR are
thought to serve as flexible connection hinges or scaffolds providers for regulatory pro-
tein complex assembly.*? CR6, present in all C/EBPs, contains a target for a post-transla-
tional protein modification SUMOylation involved in repressive C/EBP regulation.? In
C/EBPB CR5 and CR7 are reported to be involved in repressive and auto-inhibitory regu-

lation circuits,*® with no clearly revealed function for C/EBPS yet.

1.3.1.2 Localization and dimerization of C/EBP&

C/EBP& TF is widely considered to be a predominantly nuclear protein.3®>3 While NF-kB,
CREB or AP-1 functionally related TFs display signal-mediated translocation toward nu-
cleus, C/EBPS immediately translocates to the nucleus after protein synthesis and does
not exist in an inactive form in cytoplasm.3® As mentioned previously, NLS of C/EBPS is
located in the basic DNA binding domain (DBD and FORK) (Fig.1-2). However, removal
of either the basic (BA) or leucine-zipper (LEU-ZIP) domains prevents C/EBPS nuclear
translocation proposing a further necessary elements located in bZIP despite DBD and

FORK.>* The IPO4 importin has been reported as one of the C/EBPS nuclear importers.>®

C/EBPS TF requires dimerization for DNA binding.3® Dimerization of C/EBPS occurs
through the leucine zipper of the bZIP domain. In LEU-ZIP, 5 to 6 leucine amino acid
residues at 7 residue intervals allow dimerization by hydrophobic interactions with leu-
cine residues of the partner protein.3® Due to the high conservation in bZIP domain,
C/EBPs can form homo- and hetero-dimers within the C/EBP family and with other tran-
scription factors of bZIP superfamily. However, the LEU-ZIP domains of C/EBPs are not

identical proposing the individual affinity for dimerization partners for C/EBP&.34

1.3.1.3 Regulation of CEBPD gene, C/EBPS mRNA, and C/EBPS protein

Based on the CEBPD’s gene structure, its transcription, translation, mRNA and protein
stability, C/EBP& is considered to be mainly regulated at the level of transcription initia-
tion.3® However, C/EBP& has been also found to be regulated at the level of DNA meth-
ylation, post-translational modifications, dimerization, and protein-protein interactions.

It is also important to consider a potential existence of species-, tissue-, and cell-specific
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differences in mechanisms of C/EBPS regulation.>6->8

Up to date, 92 TFs?* are experimentally confirmed by chromatin immunoprecipitation
sequencing (ChIP-Seq) to bind human CEBPD promoter.>® The proximal CEBPD promoter
region, between -300 and TSS, contains most of the characterized TF binding sites3®
(Fig.1-3A). Binding here, cAMP responsive element-binding protein (CREB), specificity
protein 1 (SP1), and signal transducer and activator of transcription 3 (STAT3) belong to

the most important TFs regulating C/EBPS expression.®

Although, multiple putative cAMP responsive element (CRE) binding sites were identi-
fied in human CEBPD gene,®° only the most proximal one (-47/-39) has been reported to
be functional®® (Fig.1-3A, B). Sequences of this CRE binding site are very similar in mouse
and human suggesting similarities in human CEBPD and murine cebpd gene transcription
regulation.®® Binding of CREB here is reported to be important for basal C/EBPS expres-
sion in murine macrophages®-%? and cAMP-induced C/EBP& expression in mouse embry-
onic fibroblasts.®? It is also proposed to be involved in adipogenesis initiation.®® In neu-
rons, in vitro data demonstrate the CREB-mediated control of neuronal C/EBP& expres-

sion.®

Human CEBPD gene is regulated by SP1 through a proximal site (-58/-52), which is con-
served in human and mouse® (Fig.1-3A, B). This site is reported to be important for IL-6
induced C/EBPS expression in human hepatocytes® and to be required for growth arrest
induced C/EBP& expression in human mammary epithelial cells.®> The CpG methylation
of this site in human breast cancer and leukemia cell lines is related to a reduced C/EBP&

expression.%67

In human, STAT3 transcription factor regulates CEBPD transcription through its binding
to the acute phase response element (APRE) binding site (-281/-273) (Fig.1-3A, B), which
is also conserved in mouse.® This site is considered to be significant for IL-6-induced
C/EBP& expression during the acute phase response in human hepatocytes®*® and for

growth arrest induced C/EBP& expression in mouse epithelial cells and adipocytes.®>®°

2% CEBPD gene, ENCODE transcription factor targets. Harmonizome internet site. http://amp.pharm.mssm.edu/Har-
monizome/gene/CEBPD. Accessed April 26, 2020.
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Figure 1-3: Transcriptional and post-translational regulation of C/EBPS. A, B: |dentities (A, B), positions
(A), and sequences (B) of known and proposed binding sites of regulatory TFs in the proximal CEBPD pro-
moter (-300 bp relative to TSS). To the known and most characterized regulatory proteins belong CREB,
SP1, and STAT3 TFs that bind CRE, SP1, and APRE binding sites (grey boxes, black letters), respectively.
Binding sites of NF-kB and ATF3 TFs (blue boxes, blue letters) are displayed only as proposed regulatory
sequences for human CEBPD, as their functionality is demonstrated only in murine macrophages. All po-
sitions refer to the reported TSS for murine cebpd gene, due to the lack of consensus regarding TSS posi-
tion in human CEBPD. C: C/EBPS TF regulation by post-translational modification. Phosphorylation, the
most characterized modification, is mediated by GSKp kinase at T156, S160, S167, and by CK2 at S171 and
at S57 (light orange circles). Lysine 120 represents an important target site for multiple modifications:
acetylation (green square) by unknown enzyme; SUMOylation (blue rhomb) by SUMO2, and SUMO3; and
ubiquitination by FBXW7a and SIAH2 E3 ubiquitin ligase (yellow triangle). Number indicates the amino
acid position in C/EBPS protein. S: serine; T: threonine; K: lysine.

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) also belongs to
the set of TFs that can influence C/EBPS expression. However, less robust evidences
about NF-kB-mediated C/EBPS regulation has been reporter for human. Although, vari-
ous studies demonstrate the involvement of NF-kB in C/EBP& protein expression,’® no
functional NF-kB binding site in the CEBPD promoter has been clearly identified.3® In
mouse M, a non-canonical NF-kB site is identified and reported to be essential for bac-
terial lipopolysaccharide- (LPS) and peptide-glycan-induced cebpd gene transcription.”*
Through the alignment of the mouse cebpd and human CEBPD promoter sequences
(chapter 8.1.2, Fig.8-2), the mentioned murine NF-kB binding site is located at -288/-281
position in the human sequence, partly overlapping with APRE (Fig.1-3A, B). Sequences

between murine and human DNA are very similar at that point (Fig.8-2).

In mouse M, activating transcription factor 3 (ATF3) binds the cebpd promoter four

hours after LPS treatment resulting in repression of cebpd transcription.’! A putative

10
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ATF3 binding site is identified in murine cebpd promoter.”! The alighment of the mouse
cebpd and human CEBPD promoter sequences (Fig.8-2) revealed the corresponding
ATF3 binding site position at -96/-74 in human (Fig.1-3A, B). Although, the human and
murine sequences of ATF3 binding site are very similar, in human CEBPD promoter the
binding site is disrupted at this position and may be non-functional (Fig.1-3B, Fig.8-2).
As human CEBPD promoter contains ATF3 binding site,>* it must be located more distally

(> 300 bp) relative to TSS.

DNA methylation is also suggested to represent a mechanism of C/EBPS expression reg-
ulation (Fig.1-4A). The CEBPD gene sequence displays a high frequency of CpG and en-
compasses a large CpG island that includes the whole transcribed region and up to 1 kb
upstream of the TSS.36 Hypermethylation of proximal CEBPD promoter is suggested to
be associated with reduced C/EBPS expression in human cancers.’? However, the effect

of changes in DNA methylation on C/EBPS function has not been well-characterized yet.

At the level of mMRNA synthesis (Fig.1-4B) and protein translation (Fig.1-4C), single RNA-
binding protein Hu antigen (HuR) is reported to bind 3"UTR of C/EBP& mRNA leading to
the increased C/EBPS protein expression.3¢:38 Such stabilization of C/EBP& mRNA by HuR
is observed in growth arrested murine MCF-12A, human mammary epithelial cells,” and
human macrophages.”* In macrophages, regulatory microRNA let-7c is observed to

downregulate C/EBPS mRNA by the targeting mechanism that requires the 3'UTR.”>

Post-translational modifications of C/EBP& (Fig.1-4D) can affect its transcriptional activ-
ity (toward activatory or inhibitory trans-activity), DNA binding ability, protein stability,
and interaction with other transcription factors and regulatory proteins.3® However,
only a few post-translational modifications for C/EBP& are described to date. The com-
monly reported post-translational C/EBP& modifications are phosphorylation and

SUMOylation, however, acetylation and ubiquitination are also observed.36:76

Experiments with phosphatase inhibitors revealed that C/EBPS needs to be phosphory-
lated to bind DNA.”” Moreover, de-phosphorylation resulted in inhibited C/EBPS protein

DNA binding and transcriptional activity.”” C/EBPS protein is phosphorylated by GSK38

3% CEBPD gene, ENCODE transcription factor targets. Harmonizome internet site. http://amp.pharm.mssm.edu/Har-
monizome/gene/CEBPD. Accessed April 26, 2020.
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Figure 1-4: Overview of C/EBP6 regulation. A: Initiation of CEBPD gene transcription is the primary regu-
latory mechanism of C/EBPS& expression. Regulatory TFs CREB, STAT3 and SP1 are reported to bind CEBPD
promoter activating CEBPD gene transcription. Methylation of CpG-rich CEBPD gene, however, results in
inhibited gene expression. B: Synthetized C/EBPS mRNA, which is highly unstable (half-time 35-40 min),
can be stabilized by HuR or downregulated by microRNA let-7c. C: Generated C/EBP& mRNA is translated
into a single functional full-length C/EBPS protein. D: C/EBPS protein is post-translationally phosphory-
lated leading to its dimerization and therefore activation. C/EBPS can be also acetylated or SUMOylated
resulting in activation or inhibition of C/EBPS target gene transcription, respectively. Ubiquitination is re-
quired for the proteasomal C/EBPS protein degradation. E: C/EBP& builds homo- or hetero-dimers within
C/EBP family or a larger bZIP cluster. Dimerization of C/EBP& can affect its DNA binding affinity and trans-
activation potential depending on the dimerization partners. F, G: Protein-protein interactions can affect
C/EBPS trans-activation potential: interaction with co-activators results in activation, while interaction
with co-repressors — in inhibition of C/EBP§’s target genes.

kinase on Thr156 and probably Ser160 in M and on Ser167 and Thr171 in astrocytes’®
(Fig.1-3C). In opposition to Thr171 phosphorylation, which is constitutive, Ser167 phos-
phorylation is induced by IL-1B and is reported to be involved in C/EBPS protein regula-
tion during astroglial migration and astroglial-induced microglial activation.’® Further,
LPS induces C/EBPS phosphorylation in IKKi/IKKe-mediated manner resulting in expres-
sion of inflammatory genes.”® C/EBPS is also phosphorylated by casein kinase 2 (CK2) on

Ser57 (Fig.1-3C) leading to the enhanced C/EBPS transcriptional activity.®°

Acetylation of C/EBPS protein by p300/CBP2! at L81, P8282, and K12023 (at least in vitro)

residues results in its activatory trans-potential. SUMOylation of C/EBPS at K120 residue,
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however, eliminates its interaction with p300/CBP co-activator leading to C/EBP func-

tioning as transcriptional repressor.8?

An important residue in C/EBPS protein is Lys120 that is required for three different
types of C/EBPS post-translational modification: acetylation, SUMOylation, and ubiqui-
tination.®* The Lys120 acetylation results in activatory C/EBPS trans-activity leading to
the enhanced COX2 expression, whereas the particular acetylation mechanism of
C/EBP& remains unclear.®3 The SUMO1,°? SUMO2,8> and SUMO3%> proteins can be at-
tached to Lys120 leading to an inhibitory C/EBP& trans-activity by preventing its interac-
tion with p30083 and allowing recruitment of HDACs.2® Sumoylated C/EBPS modulates
HDAC4 recruitment to the COX2 promoter leading to reduced COX2 expression, whereas
a non-sumoylated C/EBP& restores COX2 transcription.2® The ubiquitination of C/EBP&
at Lys120 by the ubiquitin ligase F-box and WD repeat domain containing protein 7 alpha
(FBXW?7a) is required for C/EBPS protein degradation,3® which is suggested to be medi-
ated by SIAH2.8% Thus, the Lys120 poly-ubiquitination of C/EBPS by the SIAH2 E3 ubiqui-
tin ligase leads to C/EBPS proteasomal degradation in breast cancer cells®* and macro-

phages.3®

At the level of protein stability, C/EBPS is downregulated by the mentioned mechanisms
involving SIAH2 E3 ubiquitin ligase® and FBXW7a poly-ubiquitination complex.®” The
FBXW7a-mediated C/EBP& degradation depends on prior T156 phosphorylation by
GSK3PB kinase,3® whose inhibition in turn results in C/EBPS stabilisation. Thus, in LPS-
activated mouse macrophages the TLR-mediated inhibition of GSK3B/FBXW7a pathway

is observed to contribute to the advanced C/EBPS protein stability.?’

Both, DNA binding affinity and trans-activation potential of C/EBPS is reported to be
affected by dimerization3® (Fig.1-4E). As mentioned previously, C/EBPS is able to form
homo- and heterodimers within a C/EBP family and a bZIP class of transcription factors.2
The heterodimerization of C/EBP& with other C/EBPs doesn’t affect its DNA binding af-
finity,3* due to the intra-familiarly conserved DBD, but can result in a changed C/EBPS
trans-activation, mediated by a variable N-terminus of the dimerization partner.?® Het-
erodimerization with LIP (isoform of C/EBPB),%° C/EBPy,°® and CHOP®! is observed to re-

sult in an inhibitory C/EBP& trans-activity. Within a bZIP class containing more than 100
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members including c-foc, c-jun, CREBs, and ATFs,?2 C/EBPS is shown to heterodimerize
with B-ATF1, B-ATF3, ATF4, and ATF5.88 The trans-activation potential and DNA binding
specificity of such C/EBPS heterodimers is often different compared to its homodi-
mers.”®>” Belonging to the stress response factors, CHOP and ATFs display well-charac-
terized roles in hypoxia and the unfolded protein response (UPR).?3 However, the spe-
cific roles of C/EBP6 — CHOP/ATFs heterodimers in C/EBP& physiology function have

been not specified yet.3®

Protein-protein interactions of C/EBPS with other co-factors is an additional regulatory
level of C/EBPS trans-activation (Fig.1-4F). Among all C/EBPs, C/EBPS displays a unique
trans-activation potential, the mediation of which also occurs through the association
of C/EBP& with co-activators and co-repressors.3® As already mentioned, co-factors in-
teract with C/EBPS via its N-terminal RDs and TADs (Fig.1-2). The physical interaction of
C/EBPS& with SP°* and ZNF638°° results in activation of C/EBPS target genes, whereas an
interaction with Rad®® or DIPA®’ leads to the C/EBPS- mediated inhibition of target gene
expression (Fig.1-4G). Interaction of C/EBP& with HDAC1°® or FOX03a®® contributes to
the repression or activation of PPAR-y gene, respectively. C/EBPS is also reported to
physically interact with Smad3 and Smad43° resulting in an inhibitory trans-activation

function of C/EBP&761%° resulting in repression of C/EBPS target genes.

1.3.1.4 Physiological function of C/EBP&
Due to its versatile functions, C/EBPS is considered to act as a responsive integrator of

signal-dependent pathways in a cell type-specific and context-specific manner.38

C/EBPS TF is assumed to bind target gene promoters in agreement with a DNA binding
model for bZIP transcription factors.3®1°! Here, C/EBPS dimer forms an inverted Y-shape
structure, with each arm containing a basic region binding to one half of a C/EBP recog-
nition sequence in the DNA major groove.3?2 Amino acid sequence of the DBD in C/EBP&
dictates its DNA binding specificity.’%? The palindromic symmetrical repeat RTTGC
GYAAY, with purines (R) and pyrimidines (Y) is determined as an optimal C/EBP binding
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site,193 whereas more complex consensus patterns are also described.1%

105

Initially, C/EBPS is reported to serve as a marker for adipocyte!®> and myeloid differenti-
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Introduction

ation% or inflammatory activation.3® To date, C/EBP& is also known for transcriptionally
modulating of cellular differentiation,%®'%” macrophage polarization,”> prolifera-
tion,108109 growth arrest,'% cell survival and cell death,'® metabolism,*!! learning and

112

memory formation,*** and immune responses (chapter 1.3.2.1). In most cells, basal

C/EBPS expression level is typically low, which can be rapidly induced in response to

115 3nd inflam-

various stimuli including glucocorticoids,'** hormons,®1 growth factors,
matory factors (chapter 1.3.2.1). Regulation of gene transcription in the context of in-

flammation belongs to the key functions of C/EBPS.

1.3.2 Role of C/EBP& in the context of inflammation and related disorders

1.3.2.1 C/EBPS in inflammatory process

Inflammation is a protective response of organism to pathogens and cell or tissue dam-
age. It is mediated by multiple interactions of immune cells and regulated by various
molecular mediators as a part of the corresponding signalling pathways. The complex
inflammatory response is suggested to be mainly regulated at the level of gene tran-
scription.11¢-118 C/EBPS TF is known to be predominantly involved in transcriptional con-
trol of inflammation, acting as a key regulator of inflammatory responses.3%''% Various
pro-inflammatory stimuli including LPS,%871120-123 |EN-g 58123 |FN-q,°8 TNF-q,°%122:124
IL-6,6412> |L-1,°8123 |L-1B,3278126 put also glucocorticoids!'3'?” and PGE2741?8 activate
C/EBPS (Fig.1-5). During inflammation, signalling pathways involving PI3 kinase,'?° p38
MAPK, 8115 JAK, 125 JNK,13° and PKA'?® mediate C/EBPS activation. Inflammation-induced
C/EBPS TF regulates or co-regulates a number of inflammatory genes, including
TNF-q, 133132 |[-1,131 |L-1B,132 |L-6,3L132 CXCL1,%32 IL-17A,%32 |L-8,131 |L-12,131 COX2,8313
iNOS,3! chemokines, monocyte chemoattractant protein 1 (MCP1) and anti-inflamma-
tory IL-107478130,133 (Fig 1-5). Additionally, multiple cell types including Mep,”%7>7987,134
tumor associated macrophages (TAMs),”* hepatocytes,'?113> and astroglial cells'?%123 ex-

press C/EBPS in an inflammation-mediated manner.

The pro-inflammatory regulatory activity of C/EBPS is mostly studied in macrophages
(M), cells of innate immune system that normally acts as the primary defence line
against pathogens. Pro-inflammatory activated Mg are suggested to contribute com-

plex pathogenesis of various disorders including atherosclerosis,*® cancer,**” and rheu-
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matoid arthritis, 138139

Responses of the innate immune system are largely triggered by toll-like receptors
(TLRs), pattern recognition receptors that mediate immune responses to infection.4°
Expressed on Mg, TLRs recognise microbial components4142 and activate correspond-
ing signalling pathways resulting in the induction of critical pro-inflammatory
genes!431% including C/EBPS. Inflammatory responses in M@ are also suggested to be
mainly driven at the level of transcription.!'®18 TLR4 agonist LPS,'#> a main component
of gram-negative bacteria surface, induces a battery of genes in M@*® resulting in M
activation.”! In LPS-activated M, three classes of transcriptional factors regulate tran-
scription initiation of response genes.'!® Class | transcription factors (e.g. NF-kB) are ac-
tivated post-transitionally, often at the stage of nuclear translocation, up to two hours
after LPS exposure.!® These transcription factors control the induction of the primary
response genes. Class Il transcription factors (e.g. C/EBPS, ATF3), which are induced dur-
ing primary response four to six hours after LPS binding, control the induction of the
secondary response genes.'® Induced during secondary response, class Ill transcription

factors (e.g. C/EBPB, PU.1) are not directly targeted by pro-inflammatory signals but are

responsible for specifying of Mg-specific gene expression pattern.!8

LPS-induced activation of M results in production and secretion of pro-inflammatory
cytokines and chemokines, enhanced co-stimulatory receptors expression required for
T-cell activation, enhanced production of metabolites, and changes in phagocytosis-re-
lated systems.143144147,148 This complex LPS signalling network in M includes C/EBPS-

dependent regulatory mechanisms.

Murine M display an important regulatory loop that involves C/EBPS, NF-kB, and ATF3
LPS-responsive genes.’! Here, TLR4-activated NF-kB directly activates and is necessary
for C/EBPS expression, which is attenuated by TLR4-activated ATF3’! (Fig.1-5). Moreo-
ver, LPS-activated C/EBPS binds its own promoter in an auto-regulatory manner result-
ing in activation of C/EBPS transcription.”t Such complex interactions in NF-kB-ATF3-
C/EBPS regulatory network result in a fine-tuned gene regulation of pro-inflammatory
IL-6. Gene expression of IL-6 is fully activated by the combined action of both NF-kB and
NF-kB-dependent C/EBPS, whereas the single NF-kB binding elicits only a weak IL-6 ex-
pression.’! Facilitating the sustained expression of the inflammatory genes, C/EBPS acts
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ATF3 FBXW7a /
\ i 7

legend:
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— — — — » signal transduction

- - - -+ inhibitory pathway

Figure 1-5: Simplified overview of CEBPD-mediated gene transcription in M. CEBPD gene expression is
activated by various stimuli including LPS, IFN-g, IFN-a, TNF-a, IL-6, and other. The LPS-mediated CEBPD
expression is induced by NF-kB and attenuated by ATF3 and FBXW7a through multiple regulatory mech-
anisms and loops. In LPS-activated M, CEBPD acts as a context-specific signal integrator that regulate
expression of pro- (e.g. IL-6, IL-1R, etc.) and anti-inflammatory (e.g. IL-10) target genes affecting the final
M phenotype. For details refer to the main text. EP4: E-type prostanoid receptor 4; IL-1R: interleukin 1
receptor; TLR4: toll-like receptor 4; IFNGR: interferon gamma receptor; IL-6R: interleukin 6 receptor;
TNFR: tumor necrosis factor receptor.

as an amplifier of the transient transcriptional activity of NF-kB.”%13! Such C/EBP&-medi-
ated recognition of transient and persistent TLR4 signals enables the native immune sys-
tem to mediate correct immune response.”* However, NF-kB-ATF3-C/EBP& regulatory
loop is rather cell-specific, as it is absent in kidney fibroblasts, where C/EBPS expression

is induced by c-Jun and maintained by an IRAK-1-dependent mechanism.#°

In activated M, C/EBPS is observed to amplify LPS signalling, to support expression of
LPS-responsive genes, and to be essential for clearance of persistent bacterial infec-
tion.”? Identified by the “chip-on-chip” analysis in murine M, TLR4-stimulated C/EBP&
is responsible for direct activation of 63 LPS-induced genes, including Serpinb2, Cp, Saa3,
Hp, Camp, C3, Tnfaip6, Ccl3, Cxcl2, and F10.”! In response to persistent LPS treatment,
the transcription of these C/EBPS target genes is significantly diminished in C/EBPS&-de-

ficient murine Mg.”*
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Analysis of C/EBPS&-deficiency further reveals its role in the context of inflammation.
C/EBP&-null Me display reduced induction of IL-6 and TNF-a in response to several TLR
ligands.3*%50151 |n peritoneal M, C/EBPS-deficiency is observed to affect the expression
of several TLR genes,®” not only of reported TLR4. Decreased plasma levels of TNF-a and
IL-6 are reported to contribute to a reduction of endotoxin-induced systemic inflamma-
tion in C/EBP&-null mice.'>? Further, systemic LPS-induced gene expression of iNOS,
TNF-a, IL-1B, and IL-6 is observed to be attenuated in glia cells of C/EBP& knock out
mice.'®3 Further, C/EBP&-deficiency is reported to protect against LPS-induced lung in-

jury®! and (at least partly) from sepsis.'>?

However, C/EBPS TF is also observed to display an anti-inflammatory activity.3%11°
C/EBPS mediates LPS- or PGE2-induced activation of anti-inflammatory IL-10 in mouse
Me,”#130 facilitates anti-apoptosis, and attenuates IL-18 and IFN-g-induced production
of chemokines by promotion of IRF-1 expression in rat pancreatic R-cells.*>* The acti-
vated C/EBP& TF may prevent inflammatory responses in human pericytes,*>® protect

against radiation-induced sepsis suppressing inflammation.>®

1.3.2.2 C/EBPS in the context of inflammatory disorders

Activation of C/EBP& gene transcription is observed in acute inflammatory!!® and
chronic inflammatory diseases including atherosclerosis,'*”18 type 2 diabetes,*® Par-
kinson’s disease, 60161 Alzheimer’s disease,'%>1%3 and rheumatoid arthritis.13%1%* C/EBPS
is also involved in regulation of neuro-inflammation?>3163 and cancer pathology.3%74108
This study focuses on implementation of C/EBP& in the pathology of rheumatoid arthri-

tis.

1.3.3 Rheumatoid arthritis and the macrophage C/EBP&

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterised by inflamma-
tion-driven pannus formation that affects peripheral joints resulting in cartilage and
bone destruction.'®> Complex pathophysiology of RA is further underlined by invasion
of inflammatory cells, proliferation and migration of synoviocytes, angiogenesis, and ac-

tivity of bone-destructive chondrocytes and osteoclasts.6>166
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Synovial membrane of a normal joint capsule displays rather low cell type variety con-
taining scarce blood vessels and M@-encompassing fibroblast tissue in the inner joint
lining'®” (Fig.1-6A). In contrary, the synovial membrane of RA joint becomes hyper-

trophict®®

and promotes the formation of a pannus - an invasive and destructive front
built of fibroblast-like synoviocytes.'®> In pannus, chronic inflammatory condition is gen-
erated by the activity of infiltrated immune cells including M@, plasma and mast cells,

dendritic cells, neutrophils, and T- and B-lymphocytes'®>1%¢ (Fig.1-6A).

Inflammatory-activated M are suggested to represent central cells in RA pathology,¢*
172 due to their prominent number in the synovial membrane’>174 and cartilage-pannus
junction.'”> During inflammation, Mg undergo polarization toward a pro-inflammatory
M1 state, induced by various stimuli including LPS and cytokine interferon gamma
(IFN-g).1”2 Whereas IFN-g elicits cellular responses by binding of cytokine receptors, cell
activation markers, and cell adhesion molecules,'’®177 LPS activates various inflamma-
tion-linked signaling pathways acting via TLRs.'”? In RA, M1-polarized pro-inflammatory
Mpt67:178179 3¢t as local and systemic disease amplifiers by production and secretion of
inflammatory cytokines including TNF, IL-1B, IL-6, IL-12, IL-23 and chemokines such as
CCL5, CCL8, CXCL12, CXCL4.167,163,171,172 \/j3 their action in autocrine and paracrine man-
ner, M@ activate fibroblasts,'®-182 osteoclasts,’’? chondrocytes,’?> leucocytes, and
T-cells resulting a in cartilage and bone destruction,818 sustained inflammatory con-

dition and pain.®

TLR2 and TLR4 receptors,*®'87 which can be also activated by intrinsic non-infectious
agents, are proposed to contribute to RA pathology.'818 |n RA joint, TLR2 and TLR4 are
greatly expressed by synovial lining and sub-lining M as well as by fibroblasts.*°%*°1 TLR
signaling activates MyD88 pathway, important for transcriptional activation of inflam-

mation-related genes*®? including NF-kB and CEBPD.”!

Cytokine IFN-g belongs to intrinsic inflammatory RA mediators, which levels significantly
correlate with disease severity.'® In RA joint, infiltrating immune cells like neutrophils'’?
and T-cells?®*1%> secrete IFN-g driving M1-polarization of M. In M, the IFN-g- and LPS-
responsive C/EBPS TF controls expression of a battery of target genes,”* the summary

action of which triggers inflammation and loss of function in RA joint.132/164
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A asymptomatic joint | rheumatoid joint

B human rheumatoid joint C
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prolif-n a% migr-n o;brablasts

Figure 1-6: Schematic display of general and C/EBP&-mediated pathophysiology of RA. A: In a normal
joint fibroblast-like synoviocytes build a tiny lining on synovial membrane, while in a rheumatoid joint
these hyperplastic, proliferative cells are greatly increased in mass and form an invasive pannus front (1).
Various immune cells including M, dendritic cells, mast cells, plasma cells, neutrophils, T- and B-cells
infiltrate the pannus causing chronic inflammation. Generated inflammatory milieu is further driven by
secreted cytokines and chemokines (2). As a result, inflammation-driven osteoclasts cause bone destruc-
tion contributing to the loss of joint function (3). B: In synovial tissue biopsies of RA patients, C/EBP& TF
displays an elevated DNA binding activity. Inflammation-activated C/EBP& TF predominantly localizes in
the nucleus of pannus lining cells including CD4+ macrophage-like and CD4- fibroblast-like cells. C: In CIA
mice, enhanced expression of macrophage C/EBP& TF promotes angiogenesis, infiltration of inflammatory
cells, as well as proliferation and migration of fibroblasts, factors that were attenuated in C/EBP&-deficient
CIA mice.

The involvement of the macrophage C/EBPS in pathophysiology of RA is shown in both,
murine model of RA'32 and biopsies of RA patients.'%* Elevated C/EBP& DNA binding ac-
tivity in RA patients’ synovial tissue positively correlates with both serum C-reactive pro-
tein and synovial IL-6 mRNA levels.'®* An immune-histochemical analysis reveals locali-
zation of activated C/EBPS protein predominantly in the nuclei of rheumatoid synovial
lining cells including macrophage-like and fibroblast-like cells.'®* Elevated C/EBPS is
therefore proposed to contribute to the pathology of synovitis in RA through the activa-
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tion of gene expression in both, cytokine-producing M and cytokine responding fibro-

blast cells®* (Fig.1-6B).

As introduced previously, human CEBPD and murine cebpd gene promoter regions and
corresponding proteins are highly conserved enabling function and regulation study of
C/EBPS& TF in mice.3® A collagen-induced arthritis (CIA) mice is a well-established murine
model of RA, which displays similarities in RA symptoms such as synovitis, bone erosion,
and pannus formation.'3? Inflammatory-activated C/EBP& TF is proposed to contribute
to disease development in CIA mice (Fig.1-6C), as C/EBP&-deficient CIA mice displays
improved joint integrity, minor infiltration of inflammatory cells to the pannus, de-

creased pannus growth, and reduced formation of micro vessels.3?

C/EBP& TF also affects mRNA expression and cytokine secretion in human THP-1 cells.'3?
THP-1 is a human monocyte-like cell line, which is generated by a spontaneous immor-
talization of monocyte cells from peripheral blood of acute monocytic leukemia
(AML-M5) patient,*?® widely used to study physiological and pathophysiological aspects
of inflammation.!®” Expression levels of over 400 genes (>1.5-fold) are significantly dif-
ferent in TNF-a-treated C/EBP&-deficient THP-1 cells, as revealed by mRNA microarray
analysis.'3? Inflammatory-activated C/EBPS directly binds promoter regions of genes

132 attract leucocytes to the synovium,®®%%° and pro-

that contribute to angiogenesis,
mote migration and proliferation of fibroblast-like synoviocytes in a paracrine manner,
detected by ChIP analysis in THP-1 cells.'3? Elevated C/EBPS levels also result in upregu-
lated secretion of 25 proteins, as detected by a cytokine array analysis of the condition-
ing medium of CEBPD-overexpressing THP-1 cells.'32 To these proteins belong important

pro-inflammatory factors identified in RA joints: IFN-g, IL-1B, IL-6, IL-8, IL-17, IL-23A,
CCL20, CXCL1, CXCR2, and TGF-R.13?

Attempts to reduce inflammation by non-steroidal anti-inflammatory drugs (NSAIDs),
glucocorticoids, and disease modifying anti-rheumatic drugs (DMARDs) are the standard
approach in current RA therapy.2%2203 Anti-inflammatory compounds rosmanol?®® and
inotinol?®! inhibit TNF-a-activated CEBPD gene expression resulting in attenuated migra-
tion and proliferation of fibroblasts and reduced neo-angiogenic tube formation by

HUVECs.'32 However, activation of macrophage CEBPD may also result in an anti-inflam-
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matory M phenotype (cf. chapter 1.3.2.1). Thus, CEBPD-modulating compounds may

be potential candidates for therapy of inflammatory disorders including RA.

1.4 Aims of the study

Identification of anti-inflammatory compounds is a part of the ongoing development of
treatment strategies of chronic inflammatory disorders like RA. Phenotypic screening is
a target-agnostic drug discovery strategy that monitors screening compound-mediated
changes in a system-based manner. Phenotypic screening aims to relate systemic stim-
ulus response to a quantifiable change of phenotype such as gene expression. Gene re-
porter assays represent a specific category of phenotypic screening, relying on the rela-
tionship between cellular phenotype and cellular networks resulting in a measurable

gene reporter activity.

Inflammatory responses in M are proposed to be regulated mainly at the gene tran-
scription level. C/EBPS transcription factor, being regulated predominantly on level of
gene transcription initiation, is a primary response gene triggering downstream gene
expression cascade regulating inflammatory response and defining a specific M phe-
notype. Elevated C/EBP& TF activity contributes to RA pathology, as observed in mice
and human. However, activation of C/EBPS TF may result in both anti- and pro-inflam-
matory phenotype, functioning as a context-specific signal integrator in M. Therefore,
both pharmacological inhibition and activation of macrophage CEBPD may display the

sought after anti-inflammatory effect.

The first aim of this study was to develop a flexible, reliable, and sensitive phenotypic
screening assay in M1-polarized THP-1 M¢ that mimic cellular context of inflammatory
RA. Generation of the SEAP-containing gene reporter cassette, central to the screening

assay flexibility, was a priority during screening assay development.

The second aim of this study was, subsequent to development of the final screening
protocol, to conduct a high-throughput screening (HTS) of LOPAC®!280 and ENZO®774 |i-
braries for CEBPD-modulating compounds with the final goal to characterize the result-
ing hit compounds according to their anti-inflammatory activity via gene expression reg-

ulation of CEBPD and related pro-inflammatory genes.
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Materials and Methods

2 Materials and Methods

2.1 Materials, kits and devices
The used consumables (Table 2.1), compounds, chemicals, reagents (Table 2.2), com-
mercial kits (Table 2.3) as well as instruments, devices, and corresponding software

(Table 2.4) are listed below. Instruments and devices used during a HTS on Fraunhofer

IME ScreeningPort in Hamburg are noticed in Table 2.4.

Table 2.1: List of used consumables.

product

supplier, location

aerosol Barrier Pipet Tips, 0.1-1 mL, 20-200 uL, 2-20 pL, 1-10 uL
(Fraunhofer IME ScreeningPort)

bacteria culture tube

cell culture dish, 10 cm

cell culture flasks, T175, 775, T25

cell culture plates, 6-, 24-, 96-, 384-well

cell scraper

chambers, agarose gel elecrophoresis, 40-1214, 40-0708, 40-
1214

chambers, PAGE

Clip-tips, up to: 300 pL, 100 uL, 50 uL, 10 plL

combitips, up to: 10 mL, 5 mL, 1 mL, 0.5 mL, 0.2 mL, 0.1 mL
Corning® CoolCell® LX, Cell Freezing Container

cryo tubes, 2 mL

cuvettes, clear

Echo plates, Echo Qualified 384-well, low dead volume
electroporation cuvettes, Puser®/MicroPulser™, 0.1 cm gap
falcons, 15 mL, 50 mL

filter, Filtropur $0.2,0.2 um

Finnpette®, multi-channel pipettes, 16-channel, manual, 5-50
pL, 1-10 pL (Fraunhofer IME ScreeningPort)

Finnpette®, multi-step, multi-channel pipette, electric, 16-
channel, 5-50 pL (Fraunhofer IME ScreeningPort)

Gene Pulser® electroporation cuvette, 1 mL
glass coverslips, 22 mm x 22 mm

glass slides, Superfrost® Plus

glassware

hemocytometer, 0.1 mm x 0.0025 mm?

inoculation loop
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Fischerbrand™, Thermo Fisher Scientific,
Oberhausen, DE

Greiner Bio-One, Kremsmiinster, AUT
Greiner Bio-One, , Kremsmiinster, AUT
Greiner Bio-One, , Kremsmiuinster, AUT
Greiner Bio-One, , Kremsmiinster, AUT
Sarstedt, NiUmbrecht, DE

Peglab Biotechnologies, Erlangen, DE

Bio-Rad, Hercules, CA, USA

Thermo Fisher Scientific, Oberhausen, DE
Eppendorf, Hamburg, DE

Corning, NY, USA

Greiner Bio-One, Kremsmiinster, AUT
Carl Roth, Karlsruhe, DE

Labcyte, San Jose, CA, USA

Bio-Rad, Hercules, CA, USA

Greiner Bio-One, Kremsmiinster, AUT
Sarstedt, Niimbrecht, DE

Thermo Scientific, Waltham, MA, USA

Thermo Scientific, Waltham, MA, USA

Bio-Rad, Hercules, CA, USA

Thermo Scientific, Waltham, MA, USA
Thermo Scientific, Waltham, MA, USA
Schott, SIMAX, Duran Hirschmann
Marienfeld, Lauda-Kénigshofen, DE

Greiner Bio-One, Kremsmtinster, AUT



Table 2.1: Continuance.

Materials and Methods

product

supplier, location

Mini-PROTEAN® TGX Stain-Free™ Precast gel, 8-16 %
Mr. Frosty™ Freezing Container

multi-channel pipettes, manual, 8-, 12-channel, 30-300 pL, 10-
100 pL, 5-50 pL, 1-10 pL

multi-step, one-channel pipette, electric, Repeater E3
multi-well plate seal film

multi-well plates, 96-, 384-well formats

one-channel pipette tips, up to: 1 mL, 0.2 mL, 10 pL

one-channel pipettes, manual, 0.1-1 mL, 10-200 pL, 1-10 L, 0.1-

2ulL

Parafilm M®

pasteur pipettes, 230 mm

PCR foil seal (Fraunhofer IME ScreeningPort)
PCR tubes, 0.2 mL, 8-strips

petri dish

PipetBoy 2

PVDF membrane, 0.45 um

gPCR multi-well plates, 384-well format

gPCR multi-well plates, 96-well format

gPCR plate cover foil

gPCR plate seal film

gPCR strips for plate

reaction tubes, 2 mL, 1.5mL, 0.5 mL

scalpel

Scepter Sensors, 60 um (Fraunhofer IME ScreeningPort)
serological pipettes, 5-25 mL, 2-10 mL, 0.5-5 mL, 0.3-2 mL
syringes, 10 mL, 5mL, 1 mL

tips for Finnpipette®, 16-channel, 1-10 uL

tips for Finnpipette®, 16-channel, 5-50 uL

tips, Janus MDT P30 (Fraunhofer IME ScreeningPort)

Transferpipette®, multi-step, multi-channel pipette, 8-
channel, electric, 10-200 pL (Fraunhofer IME ScreeningPort)

water treatment plant, Milli-Q-Water-System
whatman
2,2°,2”,2"""-(ethane-1,2-diyldinitrilo)tetraacetic acid,
EDTA
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Bio-Rad, Hercules, CA, USA
Thermo Fisher Scientific, Oberhausen, DE

Thermo Scientific, Waltham, MA, USA

Eppendorf, Hamburg, DE

Carl Roth, Karlsruhe, DE

Greiner Bio-One, Kremsmtuinster, AUT
Starlab, Hamburg, DE

Eppendorf, Hamburg, DE

Pechine Plastic

Carl Roth, Karlsruhe, DE

4-titude®, UK

Biozym, Hessisch Oldendorf, DE
Greiner Bio-One, Kremsmiinster, AUT
Integra™, Thermo Fisher Scientific, Ober-
hausen, DE

Millipore, Burlington, MA, USA
Thermo Fisher Scientific, Oberhausen, DE
Bio-Rad, Hercules, CA, USA

Greiner Bio-One, Kremsmiinster, AUT
Bio-Rad, Hercules, CA, USA

Bio-Rad, Hercules, CA, USA
Eppendorf, Hamburg, DE

Heinz Herenz, Hamburg, DE

Millipore, Burlington, MA, USA
Eppendorf, Hamburg, DE

Inject®, DE

Thermo Scientific, Waltham, MA, USA
Axygen®, Corning, NY, USA

Axygen®, Corning, NY, USA

Brand, Wertheim, DE

Millipore, Burlington, MA, USA
Bio-Rad, Hercules, CA, USA
Sigma Aldrich, St. Louis, MO, USA
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Table 2.2: List of used compounds, chemicals and reagents.

product

supplier, location

2,2 -sulfonyl-bis-(3,4,6-trichlorphenol), MT4

3-(N-morpholino)propansulfonsaure, MOPS

4’,6-diamidino-2-phenylindole dihydrochlorid, DAPI

acetic acid, pH 2.0

agar

alkylphenylpolyethylenglycol, Triton® X 100
ampicillin

bovine serum albumin, BSA

calcium chloride, CaCl2

Chloramphenicol, ca

coelenteracine

DABCO

diethanolamine

dimethyl sulfoxide, DMSO
disodiumhydrogenphosphat, Na2HPO4xH20
Escherichia coli lipopolysaccharides, LPS
ethanol

glucose

glycerol

GSK 1210151A

hygromycin B gold (solution), hygro

IFN-gamma recombinant human protein, IFN-g

inotilone

isopropanol

kanamycin, can

L-arabinose
L-homoarginine

lovastatin

lysozyme

magnesium chloride, MgClI2
mangan chloride, MnCI2
methanol, MeOH

moviol 4-88
paraformaldehyde, PFA
phorbol 12-myristate 13-acetate, PMA

p-nitrophenyl phosphate
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Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
Electran®, DE

Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
MP Chemicals, DE

Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Thermo Fisher Scientific, Oberhausen, DE
Cayman Chemical, Ann Arbor, MI, USA
Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

MP Biomedicals, Eschwege, DE
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Proanalysis, Merck, Darmstadt, DE
Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
TClI, Tokio, JPN
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Materials and Methods

product

supplier, location

potassium acetate

potassium base, KOH

potassium chloride, KCI
potassiumdihydrogenphosphat, KH2PO4
puromycin dihydrochlorid, puro

Ro 11-1464

rosmanol

sodium acetate

sodium base, NaOH

sodium chloride, NaCl

sodium dodecyl sulphate, SDS
R-mercaptoethanol

sucrose

tetracycline hydrochloride, tet
thapsigargin

TNF-alpha

trichostatin A, TSA
Tris(hydroxymethyl)-aminomethan, TRIS
TRIS-HCI

tween-20

vorinostat

Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
Phytolab, Vestenbergsgreuth, DE
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE

Sigma Aldrich, St. Louis, MO, USA
AppliChem, Darmstadt, DE

Sigma Aldrich, St. Louis, MO, USA
Carl Roth, Karlsruhe, DE
Adipogen, San Diego, CA, USA
PeproTech, Hamburg, DE

Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA
Sigma Aldrich, St. Louis, MO, USA

Table 2.3: List of used commercial kits.

product

supplier, location

Cell Line Nucleofector™ Kit V

CellTiter-Glo® Luminescent Cell Viability Assay
First Strand cDNA Synthesis Kit

MycoAlert™ PLUS Detection Kit

NEBuildner® HiFi DNA Assembly Cloning Kit
NecleoBond Xtra BAC preparation kit
NucleoBond Gel and PCR Clean-up
NucleoBond Plasmid preparation kit, mini, midi

PEG Virus Precipitation Kit

Phospha-Light™ SEAP Reporter Gene Assay System

Pierce™ BCA Protein Assays Kit

Quick Ligation™ Kit

Lonza, Basel, CHE

Promega, Fitchburg, WI, USA

Thermo Scientific™, Oberhausen, DE
Lonza, Basel, CHE

NEB, Ipswich, MA, USA

Macherey-Nagel, Diiren, DE
Macherey-Nagel, Diiren, DE
Macherey-Nagel, Diiren, DE

Abcam, Cambridge, UK

Thermo Fisher Scientific, Oberhausen, DE
Thermo Fisher Scientific, Oberhausen, DE

NEB, Ipswich, MA, USA
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Materials and Methods

product

supplier, location

RNase-Free DNase set
RNeasy Mini Kit

SEAP detection Kit, Fluorescence

Qiagen, Hilden, DE
Qiagen, Hilden, DE
Sigma Aldrich, St. Louis, MO, USA

Table 2.4: List of used instruments, devices and corresponding software.

product

supplier, location

4D-Nucleofector™, X-Unit, 96-well Shuttle™ device

autoclave, Systec VX150

BarTender Professional 10.1 SR 4, software (Fraunhofer IME

ScreeningPort)

cell counter, Scepter (Fraunhofer IME ScreeningPort)

cell culture bench, HeraSafe HSP 12 (Fraunhofer IME Screening-
Port)

cell culture bench, Herasafe KS
centrifuge, CL21R

centrifuge, 5430R

centrifuge, bench

centrifuge, Heraeus™ Megafuge™ 16R (Fraunhofer IME
ScreeningPort)

centrifuge, Heraeus™ Megafuge™ 40R

chemical cabinet

ChemiDoc™ MP Imaging system

Echo 550 Liquid Handler (Fraunhofer IME ScreeningPort)
Echo Plate Reformat 1.5.6, software (Fraunhofer IME Scree-
ningPort)

EnSpire™ Multimode Plate Reader

EnVision® HTS Plate Reader (Fraunhofer IME ScreeningPort)
extra cold fridge, HFU500TV60 (Fraunhofer IME ScreeningPort)
freezer, -80°C, HERAfreeze HFU T Series

freezers, -20°C

fridges, 4°C

Gene Pulser Xcell™ electroporation system

heat cabinet, HeraTherm 1GS60 (Fraunhofer IME ScreeningPort)
heat cabinet, HeraTherm Oven

ice machine, AF 103

incubator, bacteria plates

incubator, bacteria, MAXQ 8000
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Lonza, Basel, CHE
Systec, Linden, DE
Citizen, Stuttgart, DE

Millipore, Burlington, MA, USA
Thermo Scientific, Waltham, MA, USA

Thermo Scientific, Waltham, MA, USA,
Thermo Fisher Scientific, Oberhausen, DE
Eppendorf, Hamburg, DE

Carl Roth, Karlsruhe, DE

Eppendorf, Hamburg, DE

Thermo Fisher Scientific, Oberhausen, DE
Mc6, Das Laborsystem, DE
Bio-Rad, Hercules, CA, USA
Labcyte, San Jose, CA, USA
Labcyte, San Jose, CA, USA

PerkinElmer, Waltham, MA, USA
PerkinElmer, Waltham, MA, USA

Thermo Scientific, Waltham, MA, USA
Thermo Fisher Scientific, Oberhausen, DE
Liebherr, Bulle, CHE

Liebherr, Bulle, CHE

Bio-Rad, Hercules, CA, USA
Thermo Electron LED, Langenselbold, DE

Thermo Scientific, Waltham, MA, USA
Scotsman, Milano, IT
Thermo Scientific, Waltham, MA, USA

Thermo Fisher Scientific, Oberhausen, DE
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Materials and Methods

product

supplier, location

incubator, bacteria, New Brunswick® Excella E24

incubator, cell culture plate, Cytomat 6001 (Fraunhofer IME

ScreeningPort)

incubator, cell culture, HeraCell 240 (Fraunhofer IME Screening-

Port)

incubator, cell culture, New Brunswick™ GALAXY® 170S

JANUS Mini Plattform, MDT-Arm (Fraunhofer IME ScreeningPort)

label print system, CLP-631 (Fraunhofer IME ScreeningPort)

magnetic stirrer

microscope, 6V30W1AF (Fraunhofer IME ScreeningPort)
microscope, confocal fluorescent, AxioVison v4.8
microscope, Observer Z1 with AxioCam MRC camera
microwaves

nitrogen system, LS-600

PCR cycler, 2720 Thermal Cycler

PCR cycler, Vapo protect PCR Cycler

pH-meter, pH Fix 4.5-10.0

plate washer, ELX405 (Fraunhofer IME ScreeningPort)
power supply, PEQ power 300V

gPCR cabinet, UVP PCR Workstation

gPCR cycler, CFX96 Touch Real-Time PCR Detection System
gPCR cycler, Quantstudio 12K Flex system

roller, su 1400

scale, s-64

scale, Scout Pro 6000 g

shaker, pss-10L

spectrophotometer, Nanodrop™ 2000
ThermoMix Pro

ThermoMixer® C

Trans-Blot® Turbo™ System, semi-dry
vacuum pump, bench

vacuum pump, cell culture, 2511c-02

vacuum pump, cell culture, BrandTech™ Vacuubrand™ BVC

vortex, Genie 2

Wallac EnVision Manager 1,12, software (Fraunhofer IME

ScreeningPort)

water bath, GFL 1086

Eppendorf, Hamburg, DE

Liconic, Mauren, LIE

Thermo Scientific, Waltham, MA, USA

Eppendorf, Hamburg, DE

PerkinElmer, Waltham, MA, USA

Citizen, Stuttgart, DE

Neolab, Heidelberg, DE

VWR, Radnor, PE, USA

Carl Zeiss, Oberkochen, DE

Carl Zeiss, Oberkochen, DE

Bosch, Gerlingen, DE; Sharp, Osaka, JPN
Taylor Wharton, Osaka, JPN

Thermo Fisher Scientific, Oberhausen, DE
Eppendorf, Hamburg, DE

Carl Roth, Karlsruhr, DE

BioTeck, Nogarazza, IT

Peglab, VWR, Radnor, PE, USA

Analytik Jena, Jena, DE

Bio-Rad, Hercules, CA, USA

Thermo Fisher Scientific, Oberhausen, DE
SunLab, Hamburg, DE

Denver Instrument, Bohemia, NY, USA
Ohaus, Parsippany, NJ, USA

Neolab, Heidelberg, DE

Thermo Fisher Scientific, Oberhausen, DE
Cell Media, DE

Eppendorf, Hamburg, DE

Bio-Rad, Hercules, CA, USA

Fischer Scientific, Oberhausen, DE
Thermo Scientific, Waltham, MA, USA
Fischer Scientific, Oberhausen, DE
Scientific Industries, Bohemia, NY, USA

PerkinElmer, Waltham, MA, USA

GFL, Burgwedel, DE
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Table 2.4: Continuance.

product supplier, location

water bath, GFL 11817318 K (Fraunhofer IME ScreeningPort) GFL, Burgwedel, DE

water destillator, MIli-Q® Integral Merck Millipore, Burlington, MA, USA
WIiInPREP 4.10.0.54, software (Fraunhofer IME ScreeningPort) PerkinElmer, Waltham, MA, USA

ZOE Fluorescent cell imager Bio-Rad, Hercules, CA, USA

2.2 Stock solutions and buffers

The used stock solutions, buffers and the corresponding ingredients are listed below

(Table 2.5).

Table 2.5: List of used stock solutions and buffers.

solution / buffer ingredients

CaCl2, 1M 1 M CaClz in ddH20

EDTA,0.5M, pH 7.6 0.5 M EDTA (w/v), pH adjusted with NaOH

KCl, 1M 1 M KCl in ddH20

MgClz, 1M 1 M MgCl; in ddH20

MnClz, 1M 1 M MnClz in ddH20

NaCl, 5 M 5 M NaCl in ddH20

PBS, pH 7.4 137 mM NaCl, 2.6 mM KCl, 8.1 mM NazHPQOg4, 1.5 mM KH2POs, pH 7.4
TRIS-HCI, 1 M, pH 8.0 1M Tris (w/v), pH adjusted with HCI

2.3 DNA ladders

The used DNA ladders are shown below (Fig.2-1).

Kilobases Mass (ng) |)[) 00/0.5 1] %
A =100 42 B C
-80 42
-60 50
- 50 42
40 33
-30 125
16.0
-20 48 };:
1138
-15 3% 118
100
94
-0 42
— 10171 370 73
-05 42

Figure 2-1: DNA ladders used in agarose gel electrophoresis.

A: Quick-Load® 1 kb DNA Ladder (NEB, cat# N0468) on a 0.8 % TAE agarose gel. Mass values are for 0.5
ug/gel lane. B: Quick-Load® purple 50 bp DNA Ladder (NEB, cat# NO556) on a 3 % TAE agarose gel. Mass
values are for 1 pg/lane. C: GeneRuler™ high range DNA ladder (Thermo Scientific™, cat# 11843993) on a
0.4 % TAE agarose gel, 5 V/cm, 1.5h. Mass values are for 0.4 ug/lane.
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2.4 Protein ladders
The used protein ladders are shown below (Fig.2-2).

A B

Prastained

Figure 2-2: Protein ladders used in SDS-PAGE.

Protein ladders Precision Plus Protein™ Dual Color Standard (Bio-Rad, cat# 1610374) (A) and Precision
Plus Protein™ WesternC™ Standard (Bio-Rad, cat# 1610385) (B) were used for protein molecular weight
estimation on SDS-PAGE gels and western blots.

2.5 Antibodies

2.5.1 Primary antibodies
The following primary antibodies were used for Western Blotting and immunofluores-

cence staining (Table 2.6).

Table 2.6: Primary antibodies used for Western Blotting (WB) and immunofluorescence (IF) analysis.

antibody monoclonal clone/ species dilution reference
/ polyclonal  cat# WB IF
anti-c-myc poly C3956 rabbit 1:500 1:100 Sigma Aldrich
anti-GRP78 mono sc-376768 mouse 1:1,000 - Santa Cruz Biotechnology
anti-GAPDH mono 14C10 rabbit 1:1,000 - Cell Signaling Technology

2.5.2 Secondary antibodies
The following secondary antibodies were used for Western Blotting and immunofluo-

rescence staining (Table 2.7).

Table 2.7: Secondary antibodies used for protein detection.
HRP (horseradish peroxidase) and Alexa conjugated antibodies were used for Western Blotting and immunofluores-

cence staining, respectively.

antigen species conjugation dilution reference, cat#
anti-rabbit 1gG goat HRP 1:15,000 Sigma Aldrich, A9169
anti-rabbit 1gG donkey Alexa 555 1:1,000 Thermo Fisher Scientific, A-31572
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Materials and Methods

antigen

species conjugation

dilution

reference, cat#

anti-mouse 1gG

rabbit HRP

1:30,000

Sigma Aldrich, A9044

2.6 Bacterial strains

The bacterial strains used for cloning are listed in Table 2.8.

Table 2.8: Escherichia coli (E. coli) bacterial strains used for plasmid and BAC cloning.

strain genotype reference

DH5a F- supE44 AlacU169 @80lacZAM15 hsdR17 recAl endAl gyrA96  Bachmann?%*
thi-1 relAl

SCS110  rpsL (Str) thr leu endA thi-1 lacY galK galT ara tonA tsx dam Agilent, cat# 200247
dcm supE44 A(lac-proAB) [F traD36 proAB laclq ZAM15]

DH10B  F—mcrA A(mrr-hsdRMS-mcrBC) @80lacZAM15 AlacX74 recAl BACPAC Chori?%
endA1 araD139 A(ara-leu)7697 galU galK A— rpsL(StrR) nupG

PIR1 F- Alac169 rpoS(Am) robAl creC510 hsdR514 endA recAl uidA  Thermo Fisher Scientific,

(AMIul) ::pir-116

cat# C1010-10

2.7 Cell lines

The used wild type and generated reporter cell lines are listed below (Table 2.9).

Table 2.9: Wild type and generated reporter cell lines.
*THP-1 eGFP reporter cells were kindly provided by the working group of Prof. Briine, Institute of Biochemistry | -

Pathobiochemistry, Goethe University, Frankfurt am Main.

cell line origin expressed reporter source
genes
HEK 293T human embryonic  non (wild type cell line) ATCC: CRL-11268,
kidney Leibniz Institute DSMZ,
cat# ACC 635
THP-1 monocyte-like non (wild type cell line) ATCC: TIB-202,
cells Leibniz Institute DSMZ,
cat# ACC 16
HEK 239T-G2P generated eGFP this study
HEK 293T-G2P-SEAP generated eGFP, SEAP-myc this study
HEK 293T-G2P-GLuc generated eGFP, GLuc-myc this study
THP-1 eGFP generated eGFP *
THP-1 CMV::GLuc-CEBPD::SEAP generated eGFP, SEAP-myc, GLuc-myc this study
THP-1 CMV::SEAP-CEBPD::GLuc generated eGFP, SEAP-myc, GLuc-myc this study

eGFP: enhanced green fluorescent protein; G2P: eGFP linked via T2A self-cleavage peptide to puromycin resistance gene; SEAP:
secreted alkaline phosphatase; GLuc: Gaussia luciferase; CMV: cytomegalovirus constitutive promoter; CEBPD: CCAAT/enhanced
binding protein delta promoter.
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2.8 Oligonucleotides

The used primers for cloning (Table 2.10) and sequencing (Table 2.11) are summarized

below.

Materials and Methods

Table 2.10: Sequences of oligonucleotides used for cloning.
F: forward; R: reverse. Restriction sites are underlined.

oligonucleotide

sequence in 5" to 3 direction

G2P_BsaBl|
: G2P_BstBI

: Gaussia_myc

: Gaussia_myc_Hindlll
:uni_Nhel

X M X T X

: myc_NLS_mCherry

F: Kfll-CMV-Space

R: Space-SPg

F: Space_SPg

R: BGH poly EcoRlI

F: Space_SPs

R: Space_SPs

F: Xhol SV40 poly

R: SV40 poly BGH poly
F: gaussia backbone-CEBPD
R: SEAP-myc-CEBPD

F: BGH poly SV40 poly

R: Acc651 CEBPD
F: Xhol_pA_Gluc
R: ECORV_CMV
F: T2A_hygro

: bGH_PGK

: pcDNA_G2H

: NLS_bGH

: bGH_NLS_cGFP
GFP_NLS

I M I TD

: T2A_cGFP
: pcDNA_Prp
:SV40_Poly_pcDNA
: Nhe_Prp_SEAP

: Xho_SVv40

: Bmtl_Gluc

m X m X M XD

)

: Prp_Sacl
F: PCR_CEBPD_cassette
R: PCR_CEBPD_cassette

AGACAGGATGAGGATCGTTTCGCATGGAGAGCGACGAGAGC
GGTCATITCGAACCCCAGAGTCCCGTCAGGCACCGGGCTTGCG
AGGGGATCCAGCCACCATGG
CTTAAGCTTTTACAGATCCTCTTCTGAGATGAGTTTTTGTTCGTCACCACCGG
GGAGACCCAAGCTGGCTAGC

TTTGGATCCCGGGCCCGCGGTACCCTGTCCAACTTGACCCTCTTGGCAG-
CAGGCAGATCCTCTTCTGAGATG
CACCTCCCAACCCCGAGGGGACCCGACAGGGTTGACATTGATTATTGACTAGTTAT
AGGGCAAACAGAACTTTGACTCCCATATTTCGATAAGCCAGTAAGCAGT
CCACTGCTTACTGGCTTATCGAAATATGGGAGTCAAAGTTCTGTTTGCCCTGAT
CTGCAGGAATTCGATAGCCATAGAGCCCACCGCATCCCCAGCAT
CCACTGCTTACTGGCTTATCGAAATATGCTGCTGCTGCTGCTGCTGCTGGGCCT
AGGCCCAGCAGCAGCAGCAGCAGCAGCATATTTCGATAAGCCAGTAAGCAGT
TCGACCTCGAGGCAAACTTGTTTATTGCAGCTTATAATGGT
CTGGGGATGCGGTGGGCTCTATGGCACAGACATGATAAGATACATTGATGA
CAAGGCAAGGCTTGACCGACGGAGTGTCATTCCCAGCAGCGCAGCGC
GCAGCAGCAGCAGCATGGCGGCGTCGGGCCGGGC
TCATCAATGTATCTTATCATGTCTGTGCCATAGAGCCCACCGCATCCCCAGCAT
TTAAAGGTACCGAGCTGGAGTGTCATTCCCAGCAGCGCA
TCTTACTCGAGGCCATAGAGCCCACCGCAT
TCTGCAGATATCGACATTGATTATTGA
AGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAGAA-
GACTTCCTCTGCCCTCTTCCTTTGCCCTCGGACGAGT
GGGATGCGGTGGGCTCTATGGCTACCGGGTAGGGGAGGCGCTTTTCCCAA
TTTAAACGGGCCCTCTAGACTCGAGGAAGGGTTCCGCAAGCTCTAG
AAGTTGGACTAGGGGGATCAATTCTCTAGAGCTCGCTGA
TCAGCGAGCTCTAGAGAATTGATCCCCCTAGTCCAACTTGACCCTCTT
ATGTTAGAAGACTTCCTCTGCCCTCGTCCAACTTGACCCTCTTGGCAGCAGGGCGA-
GATCCGGTGGAGCCGGGT
ATGCGGTGACGTGGAGGAGAATCCCGGCCCTATGGAGAGCGACGAGA
CCCAAGCTGGCTAGCATGGCGAACCTTAGC
GAACCCTTCCTCGAGTAAGATACATTGATG
CTGGCTAGCATGGCGAACCTTAGCTA

CCTTCCTCGAGTAAGATACATTGATGA
AGGAGTTTACGTCCAGCCAAGCTAGCGTTGACATTGATTATTGACTAGTTATTAA-
TAGTAATCAATTACGGG
CACAGTCGAGGCTGATCAGCGAGCTCATGGCGAACCTTAGCTAC
ATACTCATACTCTTCCTTTTTCAATATTGGAGTGTCATTCCCAGCAGCGCAGCGC

GCAGCCAGTAGCTAAGGTTCGCCATGGCGGCGTCGGGCCGGGC
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Table 2.11: Sequences of oligonucleotides used for sequencing.

F: forward; R: reverse.

Materials and Methods

oligonucleotide

sequence in 5" to 3 direction

: pcDNA_G2P_sv40
: pcDNA_G2P

: seq_Gaussia
:seq_CMV_TB

: BGH_Poly
:seq_CMV

: seg-mCherry
seq_CEBPD_viral_2
seq_CEBPD_viral_3
F: seq_pSEW_GFP
seq_CEBPD_viral_5
seq_CEBPD_viral_4
R: qPCR_SEAP_WT
seq_CEBPD viral_6
PCR_SEAP_space

X M X T M X M

R:

F: gPCR_Gaussia
R: gPCR_Gaussia
F: pcDNA_G2H
R: bGH_PGK
R: T2A_cGFP
F: T2A_hygro

: SV40_Poly_pcDNA
: qPCR_SEAP_WT

: BAC_PCR_7

: BAC_PCR_2

: BAC_PCR_1

X X M m X

TTCCAGAAGTAGTGAGAAGGC

AGGTTGGGCGTCGCTTGGTC

ATATCTGCAGAATTCCACCA

GAGGTCTATATAAGCAGAGC

AACAGATGGCTGGCAACTAG

GAGGTCTATATAAGCAGAGC

GCATGAACTCCTTGATGATG

CCATTCCTGCACCAGATTCT

GACATCGCTACGCAGCTCATCT

GATATTCACCATTATCGTTT

TGTCGACGATCGCCTCGCCT

AATTGCATGAAGAATCTGCT

CGCCCAGGAAGATGATGAGG

ACAGGTCGATCTGTGTGTGGACT

ACGCCTAACCCTAAGCAGAT

CCCACCGAGAACAACGAAGA

GGGCATTGGCTTCCATCTCT
TTTAAACGGGCCCTCTAGACTCGAGGAAGGGTTCCGCAAGCTCTAG
GGGATGCGGTGGGCTCTATGGCTACCGGGTAGGGGAGGCGCTTTTCCCAA
ATGCGGTGACGTGGAGGAGAATCCCGGCCCTATGGAGAGCGACGAGA
AGGGCCGGGATTCTCCTCCACGTCACCGCATGTTAGAAGACTTCCTCTGCCCTCTTCCTTT-
GCCCTCGGACGAGT

GAACCCTTCCTCGAGTAAGATACATTGATG
CAGTTGAGGAGGAGAACCCG

CCTCCAGCAGCCTCTACAGT

GGAGTGTCATTCCCAGCAGC

ACTGTAGAGGCTGCTGGAGG

2.9 Plasmids

The already available plasmids, listed in the Table 2.12, served as template vectors for

the generated plasmids, listed in the Table 2.13. The used SEAP sequence corresponds

to this from GenBank (acc#f U89937). BAC clone CH17-293N3 (BACPAC services, CHORI)

served as a genetic source of CEBPD target promoter sequence. Plasmid maps of used

and generated plasmids are shown in chapter 8.9 (Fig.8-17 — Fig.8-42).

Table 2.12: List of available plasmids.

a: working group of Prof. Starzinski-Powitz, Institute of Cell Biology and Neuroscience, Goethe University, Frankfurt

am Main

b: working group of Prof. Briine, Institute of Biochemistry | - Pathobiochemistry, Goethe University, Frankfurt am

Main
c: Dr. Grote, IncRNA Research in cardio-pulmonary development, Goethe University, Frankfurt am Main
construct description/encoded backbone reference / source plasmid
genes map Fig.
pcDNA3.1(-) backbone vector - a 8-17
wt-SEAP-myc wild type SEAP, myc-tagged pcDNA3.1(-) a 8-18
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Table 2.12: Continuance.

construct description/encoded backbone reference / source plasmid
genes map Fig.

ASP-SEAP-myc wt-SEAP-myc, deleted SP pcDNA3.1(-) a 8-19

shrew-1-ASP-SEAP-myc  shrew-1 SP fused to ASP- pcDNA3.1(-) a 8-20
SEAP-myc

Prl-ASP-SEAP-myc Prl SP fused to ASP-SEAP- pcDNA3.1(-) a 8-21
myc

Prp-ASP-SEAP-myc Prp SP fused to ASP-SEAP- pcDNA3.1(-) a 8-22
myc

pSEW-eGFP eGFP fluorescent protein pSEW b 8-23

pX335A-G2P G2P construct pX335A C 8-24

pR6k(hygro)-bglobin hygromycin resistance pR6k c 8-25
gene

pSC101-gbaA gbaA recombinases pSC101 c 8-26

pmCherry-N1 mCherry fluorescent pro- not specified Clontech, cat# 632523 8-27
tein

pCMV-Gaussia Gaussia luciferase not specified Thermo Fisher, cat# 8-28

16147
CH17-293N3 CEBPD-expressing BAC pBACGK1.1 BACPAC CHORI,205 none

clone

Table 2.13: List of generated plasmids.
Some of the listed plasmids were generated over multiple steps (helping plasmids), as described in each of the corre-

sponding cloning strategies (chapter 8.8).
*Plasmids generated by Holger Jordan, Fraunhofer IME-TMP, Frankfurt am Main.

construct description reference chapter plasmid
map Fig.
pcDNA3.1(-)-G2P copGFP coupled via T2A to this study 8.8.1 8-29
puromycin resistance
pcDNA3.1(-)-G2P-SEAP-myc wt SEAP, myc-tagged this study 8.8.1 8-30
pcDNA3.1(-)-G2P-GLuc-myc Gaussia, myc-tagged this study 8.8.1 8-31
pmCherry-wt-SEAP-myc-NLS wt SEAP-myc, NLS-tagged this study* 8.8.2 8-32
pmCherry-ASEAP-myc-NLS A SEAP-myc, NLS-tagged this study* 8.8.2 8-33
pmCherry-shrew-1-SEAP-myc- shrew-1 SEAP-myc, NLS- this study* 8.8.2 8-34
NLS tagged
pmCherry-Prp-SEAP-myc-NLS Prp SEAP-myc, NLS-tagged this study* 8.8.2 8-35
pmCherry-Prl-SEAP-myc-NLS Prl SEAP-myc, NLS-tagged this study* 8.8.2 8-36
pSEW-eGFP-CMV-GLuc-myc- wt Gaussia-myc, wt SEAP-myc  this study 8.8.3 8-37
CEBPD-SEAP-myc
pSEW-eGFP-CMV-SEAP-myc- wt Gaussia-myc, wt SEAP-myc  this study 8.8.3 8-38

CEBPD-GLuc-myc
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Table 2.13: Continuance.

construct description reference chapter plasmid
map Fig.

pcDNA3.1(-)-H2G-NLS-CMV-GLuc- hygromycin resistance fused  this study 8.8.4 8-39

myc via T2A to copGFP-NLS, wt

Gaussia-myc

pcDNA3.1(-)-Prp-SEAP-myc-NLS- Prp-SEAP-myc-NLS, H2G- this study 8.8.4 8-40

H2G-NLS-CMV-GLuc-myc NLS, wt Gaussia-myc

pR6k-Prp-SEAP-myc-NLS-H2G-NLS- Prp-SEAP-myc-NLS, H2G- this study 8.8.5 8-41

CMV-GLuc-myc NLS, wt Gaussia-myc

pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-  Prp-SEAP-myc-NLS, H2G- this study 8.8.6 8-42

NLS-H2G-NLS-CMV-GLuc-myc NLS,wt Gaussia-myc

2.10 Software

Clone Manager Professional 9, Scientific & Educational Software

EndNote X8, Thomson ISI ResearchSoft

GraphPad Prism 8.0.0, Statistical Scientific Software, GraphPad

Image Lab, Life Science Research, Bio-Rad

Microsoft Office 2013, Microsoft

SnapGene® Viewer 3.2.1, gene maps generation, GSL Biotech LLC, Chicago, IL, USA
TIBCO Spotfire®, data visualization and analytics, TIBCO Software Inc., Palo Alto, CA, USA

Zeiss microscope software AxioVison v4.8

2.11 Internet sources

BLAST®, Basic Local Alignment Search Tool, NCBI
(https://blast.ncbi.nim.nih.gov/Blast.cgi)
Cleavage Close to the End of DNA Fragments, usage guidelines, NEB

(https://international.neb.com/tools-and-resources/usage-guidelines/cleavage-close-

to-the-end-of-dna-fragments)
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Harmonizome database, Oxford
(http://amp.pharm.mssm.edu/Harmonizome/gene/CEBPD)

Integrity: knowledge-based drug discovery and development database
(https://integrity.clarivate.com)

National Center for Biotechnology Information (NCBI) and its resources
(http://www.ncbi.nlm.nih.gov/)

NEBuildner® Assembly Tool, v2.2.5, planning of assembly cloning strategy, NEB
(http://nebuilder.neb.com/#!/)

NEBioCalculator™, v1.10.0, planning of ligation reaction, NEB
(http://nebiocalculator.neb.com/#!/ligation)

NEBcloner®, v1.3.13, planning of restriction enzyme double digestion, NEB

(https://nebcloner.neb.com/#!/redigest)
Optimizing Restriction Endonuclease Reactions, tools and resources, NEB

(https://www.neb.com/tools-and-resources/usage-guidelines/optimizing-restriction-

endonuclease-reactions)

Poly(A) Signal Miner, prediction of poly(A) signals in human DNA sequences, Liu at al.,
2003 (http://dnafsminer.bic.nus.edu.sg/PolyA.html)

Primer-BLAST, primer design tool, Coulouris et al., 2012
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)

Reverse complement, The Sequence Manipulation Suite, Paul Stothard
(http://www.bioinformatics.org/sms/rev_comp.html)

Tm Calculator, v1.12.0, NEB

(http://tmcalculator.neb.com/#!/main)

UCSC Genome Browser, on human Dec. 2013 (GRCh38/hg38) Assembly

(https://genome.ucsc)

36


https://integrity.clarivate.com/

Materials and Methods

2.12 Determination of DNA and RNA concentration

DNA and RNA concentrations were determined using the Nanodrop 2000C spectropho-

tometer, by measuring the absorption at the wavelength of 260 nm. The DNAse and

RNAse-

free water was used as a reference.

2.13 Generation of competent E.coli

For the uptake of plasmid DNA (transformation), E. coli DH5a and DH10B were made

chemo-competent following the protocol below.

inoculation of a 5 mL LB medium with incompetent E-coli on a shaker at 37°C,
overnight

inoculation of 99 mL LB medium with 1 mL of the overnight culture

incubation on a shaker at 37°C till ODgoo = 0.4 — 0.5

centrifugation of bacterial suspension for 5 min, at 3,000 x g and 4°C, discard
supernatant

pellet resuspension in 30 mL of ice-cold TFB-I buffer

incubation of bacterial suspension for 30 min on ice

centrifugation of bacterial suspension for 5 min, at 3,000 x g and 4°C, discard
supernatant

pellet resuspension in 4 mL of ice-cold TFB-II buffer

aliquot the bacteria suspension (app. 100 pL aliquots) in 1.5 mL reaction tubes

shock freezing of aliquots in liquid nitrogen and storage at -80°C

TFB-I buffer TEB-II buffer

10 mM KCl 19 mM MOPS

50 mM MnClz 75 mM CaClz

20 mM potassium acetate 10 mM KClI

10 mM CaCly 15 % (v/v) glycerol

15 % (v/v) glycerol pH adjusted to 7.0 with KOH
sterile filtered and stored at 4°C sterile filtered and stored at 4°C

37



2.14 PCR for cloning

Materials and Methods

During cloning, different DNA polymerases were used depending on the individual char-

acteristics of the template used. To generate high-quality PCR products (up to 5 kb) from

normal or GC-reach templates (e.g. BAC) Q5 High-Fidelity DNA Polymerase (NEB, cat#

MO0491G) or Advantage® HD Polymerase Mix (Clontech, cat# PT3921-2) were used. The

AccuPrime™ Pfx SuperMix (Invitrogen™, cat# 12344-040) was used to generate high-

quality PCR product up to 8.5 kb from a GC-reach template. The reactions were set up

as follows.

Q5 High-Fidelity DNA Polymerase

5 puL 5-fold Q5 reaction buffer
200 uM dNTPs

0.5 um forward primer

0.5 uM reverse primer
upto0.5ug template DNA

0.25 uL Q5 polymerase

ad 25 uL ddH.0

Advantage® HD Polymerase Mix

5uL 5-fold HD buffer

2 uL dNTP mixture (2.5 mM each)
0.2-0.3 uM forward primer

0.2-0.3 uM reverse primer

200 ng template (50 ng for GC-reach)
0.25 uL HD polymerase
ad 25 uL ddH-0

AccuPrime™ Pfx SuperMix

22.5 uL AccuPrime Pfx SuperMix
200 nM forward primer

200 nM reverse primer

10 pg—200ng template DNA

ad 25 uL ddH.0

thermocycling conditions

98°C 30 seconds

98°C 5-10 seconds
50-72°C  10-30 seconds
72°C 20-30 seconds / kb
72°C 2 minutes

4-10°C

thermocycling conditions

98°C 5 minutes

98°C 10 sec / (45 sec for GC-reach)
55°C 5—15 seconds

72°C 1 minute / kb

4-10°C

thermocycling conditions

95°C 5 minutes

95°C 15 seconds

55-65°C 30 seconds 35 cycles
68°C 1 minute / kb

4-10°C
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2.15 DNA digestion

For digestion of plasmid and BAC DNA, restriction endonucleases with the supplied buff-
ers were used. Generally, up to 3 pg of plasmid DNA and up to 0.5 pg of BAC DNA were
digested in a 50 and 25 pL reactions respectively, according to the manufacturer’s in-

struction.

2.16 Agarose gel electrophoresis (0.4 — 3 %)

For agarose gel electrophoresis, DNA samples were mixed with 6-fold (v/v) DNA sample
buffer and loaded on the agarose gel stained with Roti®-GelStain (3.5 pL for 50 mL gel;
Carl Roth, cat# 3865). The concentration of the agarose gel was adapted to the size of
the analyzed DNA fragment: 3 % agarose for fragment size < 500 bp, 1 % agarose for
fragment sizes between 500 and 5,000 bp, and 0.5-0.4 % agarose for fragment size >
5,000 bp (e.g. BAC fragments). The electrophoresis was performed in TAE buffer till the

desired DNA fragment separation. The DNA was visualized using ChemiDoc™ MP Imag-

ing system.
0.4-3.0% agarose gel 50 x TAE buffer
1 % (w/v) agarose in 242 g TRIS-HCI
1xTAE buffer 57.2 mL acetic acid
100mL O.5MEDTA,pH7.8
ad1lL ddH.0
1 x TAE buffer 6 x DNA sample buffer
20 mL 50 x TAE buffer 200 uL  DNA gel loading dye (NEB, cat# B7025)
ad 1 LddH.0 100 pL glycerol

ad1lmL ddH0

2.17 DNA gel purification

Digested backbone plasmids and PCR fragments were purified directly using the Nucleo-
Bond Gel and PCR Clean-up (Macherey Nagel, cat# 740609), according to the manufac-

turer’s protocol. The DNA was eluted in 30 — 50 pL ddH20

39



Materials and Methods

2.18 DNA ligation

The digested and on gel purified backbone plasmids were ligated with PCR-generated
inserts following different ligation strategies: T4 ligase-mediated ligation, quick DNA li-
gation, DNA assembly, or in vivo DNA assembly.?%¢ Before ligation, the digested back-
bone plasmid DNA was treated by the calf intestine phosphatase (CIP) to remove 3" and
5’ phosphate residuals and therefore to prevent the possible re-ligation of the backbone
vector. The reactions were set up as follows.

CIP treatment

1 uL CIP (NEB, cat# M0290) added to
30 -50 pl of backbone digestion reaction

T4 ligase-mediated ligation Quick DNA ligation

3L 10-fold T4 ligase buffer 10puL  2-fold reaction buffer
1uL digested backbone plasmid (app. 300 ng) 50ng  (0.020 pmol) digested backbone
5to 10 uL insert 37.5ng (0.060 pmol) insert
1 uL T4 DNA ligase (Thermo Fischer, cat# EL0011) (calculated using NEBio Calculator™)
ad30pL  ddH20 lul Quick ligase (Quick Ligation Kit,
NEB, cat#t M2200)
ad 20 pL
DNA assembly in vivo DNA assembly

2-3 fragment assembly
10 pL NEBuildner HiFi DNA Assembly Master Mix

9.5 uL PCR-generated insert
0.5 pL digested backbone DNA

(NEB, cat# E2621)
0.03 — 0.2 pmol DNA (vector : insert/s=1:2)
ad 20 pL ddH20

2.19 Heat-transformation of competent E.coli

For heat-transformation, chemo-competent E. coli DH5a, DH10B, SCS110, and PIR1
were thawed on ice. Up to 20 pL of ligation reaction were added to the thawed E. coli
followed by gently mix via tube inverting and incubation on ice for 10 min. Next, the
bacteria were heated for 45 seconds to 42°C, immediately followed by incubation for 5
minutes on ice. After 1 mL of 37°C warm lysogeny broth (LB) medium was added, the
transformation reaction was shaken for 20 to 40 minutes at 37°C. The bacteria were
collected by centrifugation for 5 min at 3,000 x g and streaked out on a LB agar plate
containing the corresponding selection antibiotic (Table 2.14). It is crucial to use low salt
LB (LB-Luria) and LB-Luria agar for bacterial clone selection with salt sensitive hygromy-

cin antibiotic. The plate was incubated for 12 to 16 hours at 37°C and stored at 4°C.
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Table 2.14: The used antibiotics, stock and working concentrations.

antibiotic stock concentration working concentration comment

(mg/mL), diluent (ng/mL)
ampicillin 50, ddH20 100 -20°C storage
tetracycline 10, ethanol 5 light sensitive, -20°C storage
chloramphenicol 30, ethanol 12.5 -20°C storage
kanamycin 10, ddH20 30 -20°C storage
hygromycin 100, ddH20 20 low-salt LB, light sensitive,

4°C storage
LB-Miller medium LB-Miller agar
25 g LB powder 40 g LB-agar powder
(10 g/L tryptone, 5 g/L yeast extract, 10 g/L NaCl; pH 7.0; (10 g/L tryptone, 5 g/L yeast extract, 10 g/L NaCl, 15 g/L agar-
Carl Roth, cat# X968) agar; pH 7.0; Carl Roth, cat# X969)
ad 1LddH20 ad 1 LddH20
autoclaved autoclaved
LB-Luria medium LB-Luria agar
15.5 g LS-LB powder 15.5 g LS-LB powder
(10 g/L tryptone, 5 g/L yeast extract, 0.5 g/L NaCl; pH 7.0; (10 g/L tryptone, 5 g/L yeast extract, 0.5 g/L NaCl; pH 7.0;
Sigma Aldrich, cat# L3397) Sigma Aldrich, cat# L3397)
5 % (w/v) agar-agar (Sigma Aldrich, cat# A5306)

ad 1L ddH20 ad 1L ddH20
autoclaved autoclaved

2.20 Plasmid preparation according to Holmes and Quigley

Following heat-transformation (chapter 2.19), single clones grown on a selective agar
plates were picked with sterile pipette tips, inoculated in 5 mL of LB medium containing
the corresponding antibiotic (Table 2.14) and grown at 37°C overnight. To identify posi-
tive clones, DNA plasmid preparation was performed according to Holmes and
Quigley.?” In short, 1.5 mL of overnight culture was collected and centrifuged for 1 min
at 16,200 x g at room temperature. After supernatant was removed, the bacteria pellet
was resuspended in 400 pL of 4°C STET buffer followed by addition of 25 L of lysozyme,
gently mix, and incubation for 2 min at room temperature. Next, bacteria were boiled
for 30 seconds at 95°C and the broken cells were centrifuged for 10 min at 16,200 x g at
room temperature. After centrifugation, cell debris were removed using a sterile tooth-

pick and the supernatant was supplemented with 40 pL of 3 M sodium acetate pH 5.2
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and 420 pl of isopropanol. The plasmid DNA-containing precipitate was pelletized by
centrifugation for 15 min at 16,200 x g at room temperature. Next, supernatant was
removed and DNA-containing pellet washed with 1 mL of 70 % (v/v) ethanol, followed
by centrifugation for 10 min at 16,200 x g at room temperature. Finally, after ethanol
supernatant was removed, DNA-containing pellet was air-dried and resuspended in 30

uL double distilled water.

STET buffer lysozyme solution
50 mM TRIS-HCI, pH 8.0 10 mg/mL lysozyme in ddH.0
50 mM EDTA stored at -20°C

0.5 % (v/v) Triton X-100
8.0% (v/v) sucrose
sterile filtered

stored at 4°C

3 M sodium acetate, pH 5.2 ethanol 70 %
3 M sodium acetate 70 % (v/v) ethanol
pH adjusted with 96 % acetic acid 30 % (v/v) ddH20

sterile filtered

stored at 4°C

2.21 Selection of positive clones

Depending on cloning strategy, bacterial colonies grown on selective agar plates were
tested through restriction digestion or colony PCR by Red Tag DNA polymerase (VWR,
cat# 733-1320). The oligonucleotides used for colony PCR are summarized in Table 2.15.
Restriction digestion was performed following plasmid DNA isolation via Holmes and

Quigley strategy (chapter 2.20). The reactions were set up as follows.

Red Tag DNA Polymerase Master Mix test restriction digestion

12.5uL Taqg 2-fold master mix 2.5 uL 10-fold reaction buffer

200 nM  forward primer 10-15uL  plasmid DNA

200 nM  reverse primer 0.3uL of each restriction enzyme
1-3 uL of picked colony in ddH20 1ul RNAse A (VWR, cat# AC117)
ad 25 uL ddH20 ad 25 uL ddH20
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thermocycling conditions

95°C 2 minutes

95°C 30 seconds

52-55°C 25 seconds 30 cycles
72°C 1 minute / kb

72°C 2 minutes

4-10°C hold

Table 2.15: Sequences of oligonucleotides used for colony PCR.

Materials and Methods

vector

oligonucleotide

sequence in 5" to 3 direction

AAAGCGCCTCCCCTACCCGGTAGCCA-

F: PGK_bGH
TAGAGCCCACCGCATCCCCAGCAT
pcDNA3.1(-)-CMV-GLuc-myc
R: ECORV_CMV TCTGCAGATATCGACATTGATTATTGA
F: Xho_pA_Gluc TCTTACTCGAGGAAGGGTTCCGCAAGCT
pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc
GGGATGCGGTGGGCTCTATGGCTAC-
R: bGH_PGK

CGGGTAGGGGAGGCGCTTTTCCCAA

pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-
CMV-GLuc-myc;
pR6k-Prp-SEAP-myc-NLS-H2G-NLS-CMV-

GLuc-myc

F: Nhe_Prp_SEAP

CTGGCTAGCATGGCGAACCTTAGCTA

R: Xho_SV40

CCTTCCTCGAGTAAGATACATTGATGA

pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-
H2G-NLS-CMV-GLuc-myc

F: PCR_CEBPD_cassette

ATACTCATACTCTTCCTTTTTCAA-
TATTGGAGTGTCATTCCCAGCAGCG-
CAGCGC

pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-
H2G-NLS-CMV-GLuc-myc

R: qPCR_SEAP_WT

CGCCCAGGAAGATGATGAGG

2.22 Plasmid preparation using kits

For subsequent procedures such as DNA sequencing and cell transfection, plasmid DNA

was isolated using NucleoBond Plasmid mini and midi preparation kits (Macherey &

Nagel, cat# 740571, cat# 740573). For isolation of high-quality BAC DNA NucleoBond

Xtra BAC preparation kit (Macherey & Nagel, cat# 740436) was used.

2.23 DNA sequencing

Sequencing of plasmid DNA was performed by company Microsynth AG, Balgach, Swit-

zerland. BAC DNA was sequenced by Zeda Sequencing Service, Fraunhofer IME, Aachen.
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2.24 Glycerol stock generation
After identification of a positive bacterial cell clone, a permanent glycerol stock with 800
uL of fresh overnight culture and 200 puL of sterile 86 % (v/v) glycerol was generated.

Glycerol stocks were stored at -80°C.

2.25 Bacterial artificial chromosome cloning

2.25.1 Verification of a wild type BAC clone

To isolate high quality BAC DNA, DH10B bacteria containing BAC clone CH17-293N3
(201,427 bp; BACPAC CHORI, Table 2.12) was grown in LB-Miller medium supplemented
with 12.5 pug/mL chloramphenicol for 12-14 hours at 37°C and 220 rpm, till ODsgo With
0.35 - 0.4. Next, BAC DNA was isolated (chapter 2.22) and verified by restriction diges-
tion, PCR (for primers refer to Table 2.16), and sequencing (for primers refer to Table

2.11). The restriction digestion, PCR, and sequencing reactions were set up as follows.

BAC restriction digestion

2.5uL 10-fold CutSmart buffer

0.5uL BamHI restriction enzyme
500 ng BAC DNA
ad 25 pl ddH20

incubated for 2 hours at 37°C

electrophoresis on 0.4 % TAE agarose gel (chapter 2.16),

for 1.5 hours at 3 V/cm

BAC verification PCR
5uL 5-fold HD buffer

0.5 uL dNTP mixture (10 mM each)

200 mM forward primer

200 mM  reverse primer

5ng BAC DNA template

0.25uL  Advantage® HD Polymerase
ad 25 uL  ddH.0

for PCR program see chapter 2.14
BAC sequencing
900 ng BAC DNA per primer reaction
10 uM primer
ad 15 pL ddH20

Table 2.16: Primer pairs used for BAC clone verification by PCR.

template primer pairs (5°to 3" orientation) product size (bp) verified BAC region
forward: CCT CCA GCA GCC TCT ACA GT 3" UTR and down-
reverse: TCT TGG GACATA GGA GCG CA 06 stream sequence
forward: CAG CAA CGA CCCATA CCT CA CEBPD mRNA
reverse: TCT TTG CGC TCC TAT GTC CC t (3°UTR, partly)
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forward: TCT TTG CGC TCC TAT GTC CC CEBPD protein and
353
reverse: AGC GCA ACA ACA TCG CC 3" UTR
forward: AAG CTC ACC ACG GTC TGT
272 CEBPD protein
reverse: ATC GAC TTCAGC GCCTACAT
forward: GTT TCC CTT CTG CCT TCG GG
1946 upstream sequence

reverse: TAG CAG CCT GCA TCA GGA GT

UTR: untranslated region

2.25.2 BAC in vivo recombination (preliminary protocol)

BAC in vivo recombination relies on a homologous recombination between a linear (e.g.
PCR product) and a circular DNA molecule (e.g. BAC) allowing flexible, precise, and ac-
curate DNA modification.?®® Homological recombination is mediated by recombinase
proteins (e.g. rec-a, rec-B, and rec-y) and requires homology regions - pieces of DNA

shared by the two molecules that recombine. As homology region sequences can be
chosen freely, any position on a target molecule can be specifically altered.?%8

In this study, first experiments were done to generate recombinant BAC vector that
should encode multi-gene-reporter cassette 2.0 under control of CEBPD target pro-
moter. The multi-gene-reporter cassette 2.0 was constructed in a high-copy
pcDNA3.1(-) backbone (chapter 8.8.4, Fig.8-40) that is easy to handle, and then cloned
into pR6k backbone (chapter 8.8.5, Fig.8-41) that can be replicated exclusively in PIR1
E.coli (Table 2.8). The use of pR6k backbone eliminates a possibility of its replication in

DH10B E.coli during recombination.

In short, CH17-293N3 BAC-expressing DH10B E.coli were heat-transformed (chapter
2.19) with pSC101-gbaA vector (Fig.8-26) that encodes rec-a, rec-, and rec-y recom-
binase proteins under control of L-arabinose-inducible promoter and contains a thermo-
sensitive origin of replication (replication abolished at 37°C). The insert, which encodes
multi-gene-reporter cassette 2.0 flanked by 50 bp long homology regions, was genera-
ted by PCR (AccuPrime™ Pfx SuperMix, chapter 2.14) using pR6k-Prp-SEAP-myc-NLS-
H2G-NLS-CMV-GLuc-myc vector (Fig.8-41) as a template. The pSC101-gbaA-containing,
BAC-expressing DH10B E.coli were cultured in 1.5 mL LB-Luria medium supplemented

with 12.5 pg/mL chloramphenicol (ca) and 5 pg/mL tetracycline (tet) at 30°C and 1000
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rpm, overnight. Next day, 50 uL of the overnight culture were inoculated in 1.4 mL of
fresh ca + tet conditioned LB-Luria medium and incubated for 2 hours at 30°C and 1000
rpm till ODggo ~ 0.3. Next, 50 pL of 10 % (w/v) L-arabinose, which induces recombinase
protein expression, were added to the bacterial suspension, followed by incubation for

1 hour at 37°C and 1000 rpm.

2.25.3 Bacteria electroporation and positive clone selection (preliminary protocol)

After L-arabinose treatment, bacterial cells were collected by centrifugation for 2
minutes 3,000 x g and 2°C. Next, supernatant was removed and bacterial pellet was re-
suspended in 1 mL of ice-cold cell culture grade deionized water. Centrifugation and on
ice resuspension steps were repeated. A small volume 1-2 uL of fresh PCR product (in-
sert, 0.2 - 1 ug) was added to up to 30 uL of bacterial suspension, gently mixed, placed
into an ice-cold electroporation cuvette (Bio-Rad, 0.1 cm gap, cat# 1652083), and elec-
troporated at 1350 V 10 pF and 600 Ohms for optimally 5 ms using Gene Pulser Xcell™
electroporation system (Bio-Rad). Immediately after electroporation, bacteria were col-
lected in 37°C warm SOC medium without antibiotics and incubated for 70 minutes at
37 °C and 1000 rpm. Finally, bacteria were streaked out on LB-Luria agar plates condi-
tioned with 12.5 pg/mL chloramphenicol + 20 pg/mL hygromycin and incubated at 37°C,
overnight. Grown cell colonies were tested using UV-light to detect copGFP fluorescence

and by colony PCR (chapter 2.21).

SOC medium 10 % (w/v) L-arabinose stock solution
1L LB-Luria medium (chapter 2.19) 0.5g L(+)-arabinose (Carl Roth, cat# 5118)
autoclaved ad 5 mL ddH.0

20mM  glucose
sterile filtered (0.2 um filter)

2.26 Eukaryotic cell culture

HEK293T wild type and reporter cells were cultured in DMEM GlutaMAX™ (Thermo
Fisher Scientific, cat# 31966047) supplemented with 10 % (v/v) heat-inactivated FBS
(Thermo Fisher Scientific, cat# 10270-106), 1 % (v/v) pen-strep (10,000 U/mL, Thermo
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Fisher Scientific, cat# 15140-122). Stably transfected HEK293T reporter cells were cul-
tured in cell culture medium additionally supplemented with 10 pg/mL puromycin dihy-

drochlorid (Carl Roth, cat# 0240) for selective pressure.

THP-1 wild type and reporter cells were cultured in RPMI 1640 GlutaMAX™ medium
(Thermo Fisher Scientific, cat# 61870-044) supplemented with 10 % (v/v) heat-inacti-
vated FBS, 1 % (v/v) penicillin-streptomycin solution. During screening, THP-1 reporter
cells were cultured in RPMI 1640 medium without phenol red (Thermo Fisher Scientific,
cat# 11835105), supplemented with 10 % (v/v) heat-inactivated FBS, 1 % (v/v) pen-strep,
2 mM glutamine (Thermo Fisher Scientific, cat# 25030081). All cells were incubated at
37°C, in an atmosphere of 5 % CO, and 95 % humidity. Generated HEK293T and THP-1
reporter cells were tested for mycoplasma contamination using mycoplasma detection

kit (Lonza, cat# LT07-318) after cell sorting.

For propagation, HEK293T cells were washed with Dulbecco’s phosphate-buffered sa-
line, DPBS (no calcium, no magnesium, pH 7.0-7.3, Thermo Fisher Scientific, cat# 14190-
169) and detached with trypsin-EDTA (Thermo Fischer Scientific, cat# 25300054) solu-
tion. Trypsin-treated cells were resuspended in DMEM GlutaMAX™ medium and propa-
gated in a ratio of 1:10 to 1:15. THP-1 suspension cells were collected by centrifugation
for 5 min at 300 x g, resuspended in RPMI 1640 GlutaMAX™ medium and propagated in
a ratio of 1:10 to 1:15.

For experiments, HEK293T and THP-1 reporter cells were seed in different multi-well

formats. The routinely used cell numbers are listed in Table 2.17.

Table 2.17: Routinely used cell numbers for culture in multi-well format.

multi-well plate format  HEK293T (cells/well) THP-1 / THP-1 M (cells/well)

6-well format 600,000 650,000
24-well format - 120,00
96-well format - 40,000

2.27 Freezing and thawing

Freezing

For long-term storage, cells were frozen in liquid nitrogen. HEK293T cells, when reached
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around 80 % confluence in a 175 cm? flask, were washed with 15 mL DPBS, detached
with 10 mL trypsin-EDTA and collected in 30 mL DMEM GlutaMAX™ medium followed
by a centrifugation for 5 min at 300 x g. THP-1 suspension cells, when reached cell con-
centration with 800,000 - 900,000 cells per milliliter, were directly collected by centrif-
ugation for 5 min at 300 x g. The cellular supernatant was collected for mycoplasma test.
The cell pellet was resuspended in 10 % (v/v) DMSO/FBS with up to 5 million cells per
millilitre, split on corresponding number of cryo-tubes, and frozen in freezing container
at -80°C. Frozen cells were finally transferred to the liquid nitrogen tank upon negative

mycoplasma test result.

10 % DMSO / FBS
10 % DMSO (v/v)

ad final volume FBS

Thawing

Frozen cells were thawed through the short incubation of cell-containing cryo-tube at
37°C in water bath and subsequently transferred to a 14 mL of 37°C warm cell culture
medium in a 15 mL tube, followed by centrifugation for 5 min at 300 x g. The cell-pellet
was resuspended in corresponding cell culture medium and transferred to a culture
flask. To remove residual DMSO, the cell culture medium was changed 24 hours after

thawing.

2.28 Generation of reporter cells

2.28.1 Transient and stabile transfection of HEK293T cells

Transient transfection

Wild type HEK293T cells were transfected with Lipofectamine® 2000 transfection rea-
gent (Invitrogen™, Thermo Fischer Scientific, cat# 11668027) one day after cell seed in
a 6-well format (Table 2.17), according to the manufacturer’s protocol. In short, plasmid
DNA and Lipofectamine® 2000 were first diluted in an appropriated volume of Opti-
MEM® reduced serum medium (Gibco™, Thermo Fischer Scientific, cat# 31985062).
Next, the diluted DNA was added to the diluted Lipofectamine® 2000 (1:1, v/v) and in-
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cubated for 5 min at room temperature. The DNA-Lipofectamine complex was added to

the cells, followed by the incubation at 37°C for at least 12 hours.

Stable transfection

HEK293T reporter cells were generated by stably transfection of wild type HEK293T cells
using Lipofectamine® 2000 reagent in a 6-well format (see transient transfection). For
cloning strategies of backbone and enzyme-encoding plasmids refer to chapter 8.8.1.
Next day after transfection, HEK293T cells were cultured in selective DMEM GlutaMAX™
medium containing 10 pg/mL puromycin. Positive HEK293T cell clones, stably expressing
generated eGFP-positive constructs, were raised up as single clones and selected via
fluorescence activated cell sorting (FACS) approximately three weeks after transfection.

Transfection reactions were set up as follows.

transient stable

2 g 2.5pug DNA amount per well

ad 125 pL ad 125 pL Opti-MEM medium volume for DNA dilution

9 uL 9 uL Lipofectamine 2000 per well

ad 125 pL ad 125 pL Opti-MEM medium volume for Lipofectamine dilution
250 pL 250 pL total amount of DNA-Lipofectamine complex per well

2.28.2 Generation of THP-1 reporter cell lines by viral transduction
THP-1 reporter cells stably expressing the multi-gene-reporter cassette 1.0 were gener-
ated via viral transduction. Cloning of corresponding vectors is described in chapter

8.8.3.

Generation of viral particles

Viral particles containing generated vectors (Fig.8-37, Fig.8-38) were produced using
HEK293T wild type cells, which were transfected with jetPRIME® transfection reagent
(Polyplus transfection®, cat# 114-07) in 10 cm? dishes with 2 million cells per dish. One
day after transfection, cellular supernatants were collected and centrifuged for 5
minutes at 500 x g. To obtain highly concentrated viral particles, virus-containing super-
natants were sterile-filtered and precipitated using PEG virus precipitation kit (Abcam,

cat# 102538) according to the manufacturer’s protocol. In short, virus concentrating so-
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lution was added to supernatants and incubated for 24 hours at 4°C, followed by cen-
trifugation for 30 minutes at 3,200 x g and 4°C. The virus-enriched phase was aliquoted

and stored at -80°C. Transfection reaction was set up as follows.

jetPRIME® transfection reaction

20 pL jetPRIME® transfection reagent
2.088 ug PSPAX2 packaging plasmid*
0.835 pg PMD2.G envelope plasmid*
2ug construct DNA

500 pL JetPrime reaction buffer

*Plasmids were kindly provided by the working group of Prof. Briine, Institute of Biochemistry | - Pathobiochemistry,
Goethe University, Frankfurt am Main

Cell transduction

Fresh aliquot of a virus-containing suspension was added to 1 million of wild type THP-
1 cells, which were cultured in 1.5 mL of medium in a 6-well format, and incubated for
6 hours. Next, 1 mL of fresh medium was added to the cells followed by cell culture for
24 hours. Virally transduced cells were expanded for up to four weeks, before positive

eGFP-expressing THP-1 cell clones were selected by FACS.

2.28.3 Generation of THP-1 reporter cells by electroporation (preliminary protocol)
THP-1 reporter cells that were proposed to express the multi-gene-reporter cassette 2.0
were electroporated with the corresponding vector (Fig.8-42). For cloning strategy refer

to chapter 8.8.6.

THP-1 cells were electroporated using Amaxa 4D-Nucleofector (Lonza) and the corre-
sponding cell electroporation kit (V4XC-3024), according to the manufacturer’s proto-
col. In short, wild type THP-1 cells were seeded in a 6-well format with 200,000 cells per
well and cultured for one day, till 300-400,000 cells per well. Further, cells were com-
bined to aliquots, each with two million cells, and centrifuged for 10 minutes at 90 x g,
and room temperature. After cell culture supernatants were removed, cells of each ali-
guot were resplendent in 100 pL of a prepared Nucleofector solution, supplemented
with 0.8 — 6 pg of plasmid DNA (generated vector), and placed into electroporation cu-

vettes avoiding air bubbles. Placed into Nucleofector, cells were electroporated using
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different, from a supplier suggested electroporation programs. Just after electro-
poration, cells were resplendent in 0.5 mL of pre-warmed cell culture medium, trans-
ferred to a 6-well plate, and incubated as usual. Growing electroporated cells were con-
tinuously expanded before being sorted via FACS. Positive copGFP-expressing THP-1 re-
porter cells were cultured in a 6-well format after cell sorting. To the end of this timely
restricted project, electroporated THP-1 reporter cells did not survive a FACS procedure

due to very low transfection efficiency.

2.29 SDS-PAGE and Western Blotting analysis

2.29.1 Preparation of cell extracts

For Western Blotting analysis, wild type and stable transfected HEK293T cells were
rinsed with DPBS and lysed in with protease inhibitor (cOmplete™ Protease Inhibitor
Cocktail, Sigma-Aldrich, cat# 11697498001) supplemented RIPA buffer, for 30 min on
ice. For these experiment, HEK293T cells were used that remained in the well after im-
munofluorescence analysis (chapter 2.30). Cell lysates were cleared by centrifugation

for 5 min at 10,000 x g, 4°C and stored at -20°C.

RIPA lysis buffer 21-fold protease inhibitor cocktail

150 mM NaCl seven tablets of complete protease in-
50 mM TRIS-HCI, pH 7.5 hibitor cocktail was dissolved in ddH.0
0.5 % (w/v) sodium desoxychelate stored aliquoted at -20°C

1.0% (v/v) Nonidet P-40
0.1 % (w/v) SDS
1mM EDTA

protease inhibitor cocktail added freshly

2.29.2 Determination of protein concentration

Protein concentration was determined using Pierce™ BCA Protein Assays Kit (Pierce,
cat# 23225) according to the manufacturer’s protocol. The protein calibration curve was
generated using supplied protein standards. Sample absorption, measured at 540 nm
using EnSpire plate reader, was converted into the sample protein concentration using
the generated protein calibration curve. Protein standards and samples were measured

in RIPA lysis buffer.
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2.29.3 SDS-polyacrylamide gel electrophoresis

Protein samples were ssupplemented with 4-fold Laemmli buffer (Bio-Rad, cat#
1610747) and boiled for 5 min at 95°C. The 5 and 10 pug of sample protein as well as
protein marker (Bio-Rad, Fig.2-2) were loaded on the Mini-PROTEAN® TGX Stain-Free™
Precast gel (8-16 %, Bio-Rad, cat# 4568104) and separated for up to 1 hour at 85 mA.

2.29.4 Protein blotting

Proteins were transferred from gel to PVDF membrane (0.45 um, Millipore, cat#
IPVHO0010) by a semi-dry blotting procedure using Trans-Blot® Turbo™ System (Bio-
Rad, 7 minutes blotting program). The membrane was first activated by incubation in
100 % methanol for 5 minutes and additionally incubated with thick blot filter paper
(Bio-Rad, cat# 1703932) in the transfer buffer. After blotting, the membrane was incu-
bated either in 5 % (w/v) BSA in PBS or in a blotting-Grade Blocker (Bio-Rad, cat #
1706404), at 4°C overnight.

1 x transfer buffer

200 mL 5 x transfer buffer (Bio-Rad)
200 mL  ethanol
ad 1L ddH20

2.29.5 Immunodetection of proteins

Western Blotting membranes were incubated with primary (Table 2.6) and the HRP-con-
jugated secondary (Table 2.7) antibodies in PBST for 2h and 1h at room temperature,
respectively. During antibody application membranes were washed three times with
PBST for 5 min and three times shortly. After final rinse with PBS, membranes were de-

veloped using Clarity™ Western ECL Blotting Substrate (Bio-Rad, cat# 1705060).

10x PBS, 1L 1xPBS, 1L
80.0g Nacl 100 mL 10 x PBS
20g Kd 900 mL ddH.0

14.2 g NaxHPOsor

17,8 g NaxHPO4 x 2H,0
2,78 KH2PO4

adlL ddH20

pH adjusted at 7.0 with HCI
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PBST, 1L BSA blocking solution
1L1xPBS 5% (w/v) BSA in TBST

0.5 mL tween-20

2.30 Preparation of immunofluorescence samples

For immunofluorescence analysis, generated HEK293T reporter cells were cultured on
glass cover slips in a 6-well format with 650,000 cells per well for 24h. Next day, after
the cell culture medium was removed (used for SEAP enzymatic assay, chapter 2.34.1),
cells were rinsed twice with the sterile DPBS and transferred on glass slips into a fresh
plate. Here, cells were first fixed with 4 % (v/v) PFA in PBS for 20 min, permeabilized
with 0.1 % (v/v) Triton X-100 in PBS for 5 min and blocked with 10 % (v/v) FBS in PBS for
30 min at room temperature. Between the steps, cells were rinsed with PBS. Both, the
primary anti-c-myc (1:100 in 10 % (v/v) FBS in PBS) and Alexa Fluor 555 (1:1,000 in 10 %
(v/v) FBS in PBS) secondary antibodies were applied for 1.5 hours at room temperature.
During antibody application cells were washed three times with PBS for 5 min. Nuclei
were stained with DAPI for 15 min at room temperature. Through the procedure, re-
porter cells were protected from light. The DAPI-stained cells were mounted on glass

slides using mowiol mounting solution and stored in the dark for long term at 4°C.

0.1 % Triton X-100 10 % FBS in PBS

0.1 % Triton X-100 (v/v) in PBS 10 % FBS (v/v) in PBS

sterile filtered, stored at 4°C prepared freshly

DAPI stock 4 % PFA

0.5 mg/mL DAPI in ddH20 4 % paraformaldehyd (w/v) in PBS
stored at -20°C stored at 4°C

Mowiol mounting solution

6g glycerol

24¢g Mowiol 4-88

12mL 0.2 M TRIS-HCI, pH 8.5
6 mL ddH20

450 mg DABCO

stored aliquoted at -20°C

53



Materials and Methods

2.31 Cell microscopy

2.31.1 Live-cell microscopy

Wild type and reporter THP-1 cells were examined via live-cell microscopy. Phase con-
trast and fluorescent pictures of cultured THP-1 cells were taken by Observer Z1 with

AxioCam MRC camera or ZOE Fluorescent Cell Imager (Bio-Rad), respectively.

2.31.2 Confocal fluorescent microscopy
During immunofluorescence analysis, fixed HEK293T reporter cells were examined using

Zeiss confocal microscopy and images were captured using Software (AxioVison v4.8).

2.32 RNA purification and real-time quantitative PCR
Total RNA was extracted using RNeasy Mini Kit (Qiagen, cat# 74104), according to the
manufacturer’s instructions, including on-column DNA digestion using RNase-free

DNase kit (Qiagen, cat# 79254). RNA was eluted in RNase free water and stored at -80°C.

Up to 1 ug of the total RNA was reverse transcribed using the First Strand cDNA Synthesis
Kit (Thermo Scientific, cat# 10774691) with random primers according to the manufac-
turer’s instructions. In 96-well format, real-time quantitative PCR (RT-qPCR) was carried
out in 20-uL reaction containing 10 ng transcribed cDNA, SsoAdvanced™ Universal
SYBR® Green Supermix (Bio-Rad, cat# 1725271) up to 0.5 nM of each primer pair (Table
2.18) in technical duplicates on a CFX96 Touch Real-Time PCR Detection System (Bio-
Rad). In 384-well format, RT-gPCR was carried out in 10-pL reaction containing 10 ng
transcribed cDNA, SYBR® Select Master Mix (Thermo Fischer Scientific, cat# 4472908)
and up to 0.5 nM of each primer pair (Table 2.18) in technical triplicates on a Quantstu-

dio 12K Flex system (Thermo Fischer Scientific). The used gPCR programs are described

below.

96-well format 384-well format
95°C 1 min 95°C 10 min activation
95°C 15 sec 95°C 15 sec denaturation

40 cycles } 40 cycles annealing/ex-
60°C 15 sec 60°C 1 min

tension

60°C—-95°C 15 sec 60°C—-95°C 15 sec melting curve
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Relative gene expression levels in wild type and reporter THP-1 M@ were normalized to
the MO (PMA-differentiated, non-polarized, non-treated) control group using the 2744¢¢
method.?%° The ribosomal protein L37A (RPL37A) and R-actin (ACTB) proteins served as

a housekeeping genes?'® for 4h and 24h time points, respectively.

Table 2.18: Primer pairs used in RT-qPCR.
*Primer pairs designed and validated by Dr. Hiromi Shiratori, Fraunhofer IME-TMP, Frankfurt am Main.

gene primer pairs (5°to 3" orientation) primer conc. (hnM)  primer efficiency (%)
forward: CAG CAA CGA CCC ATA CCT CA

CEBPD 350 102.3
reverse: TCT TTG CGC TCC TAT GTC CC

forward: CTC GTC CGC CTAATA CCG C

RPL37A 425 100.6
reverse: TAC CGA CGA TCCCGACTTTC
forward: ATT GCC GACAGG ATG CAG AA

ACTB* 400 98.7
reverse: GCT GAT CCA CAT CTG CTG GAA
forward: GAGATG AGTTTT TGT TCA CCC G

SEAP 500 110.0
reverse: GAC CTT CAT AGC GCA CGT CA
forward: AAA CTG AAG CTCGCACTCTCG C

ccL2* 500 97.03
reverse: AGG TGA CTG GGG CATTGA TTG
forward: GTG TGA AAG CAG CAA AGA GGC

IL-6* reverse: TCT GTT CTG GAG GTA CTC TAG 400 90.6
GTAT
forward: GTG GCA ATG AGG ATG ACT TGT

IL-18* TCT 400 93.47

reverse: TGT AGT GGT GGT CGGAGATTCG

All primers were designed for human mRNA sequences covering exon-exon junctions,
except for CEBPD (an intronless gene). RPL37A primer pair was exclusively designed to
detect gDNA contamination (chapter 8.6.4, Fig.8-15). Primer efficiencies were verified

in 96-well format, under mentioned conditions for RT-gPCR.

2.33 ER-stress treatment

Thapsigargin, a SERCA inhibitor,?'! was used to induce endoplasmic reticulum stress (ER-
stress) in HEK293T reporter cells. In short, HEK293T wild type cells were seeded on glass
cover slips in a 6-well format and transiently transfected (chapter 2.28.1) with
SP-SEAP-myc-NLS-mCherry encoding constructs (for cloning strategy see chapter 8.8.2;

Fig.8-32 to Fig.8-36). Next day after transfection, the overnight cellular supernatants
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were replaced by fresh cell culture medium containing 3 uM thapsigargin and incubated
for 6 hours. The thapsigargin treated cells were examined via Western Blotting (chapter
2.29) and immunofluorescence (chapter 2.30) analysis as well as via SEAP enzymatic as-

say (chapter 2.34.1.1). DMSO-treated cell were used as negative control.

1.5 mM thapsigargin stock solution

1mg thapsigargin (Adipogen, cat# AG-CN2-0003)
1mL DMSO

stored aliquoted at -20°C

2.34 Enzymatic reporter assay
Secreted enzymatic SEAP and GLuc gene reporters were detected in cellular superna-
tants of HEK293T and THP-1 reporter cells. After cell debris were removed by centrifu-

gation for 2 minutes at 16,200 x g, the cleared supernatants were stored at -20°C.

2.34.1 SEAP assay

SEAP utilizes three different substrates enabling its chemiluminescent, fluorescent, and
colorimetric detection. To eliminate possible bias through the enzymatic signals pro-
duced by the endogenous SEAP-like proteins, the collected cellular supernatants were

heat-inactivated for 30 minutes at 65°C prior measurement.'®

2.34.1.1 Chemiluminescent SEAP assay
96-well format

Chemiluminescent SEAP assay protocol was adapted from Phospha-Light™ SEAP Kit (Ap-
plied Biosystems™, Thermo Fischer Scientific, cat# T1016) protocol. In short, heat-inac-
tivated cellular supernatants were diluted 1:1 (v/v) in kit provided dilution buffer. On
the plate (white, Greiner Bio-One, cat# 655098, 655083), 50 uL of assay buffer were
added to 50 pL of diluted sample and incubated for 5 minutes at room temperature. The
enzymatic reaction was started by addition of 50 L of substrate buffer and immediately
monitored using EnSpire multimode plate reader for 25 to 45 minutes (0.1 sec/well).
Cellular supernatants of wild type THP-1 cells or HEK293T cells, stably expressing back-

bone vector were used as a negative control.
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384-well format

During HTS for CEBPD-modulating compounds, chemiluminescent SEAP assay was per-
formed in a 384-well format (white plate, Greiner Bio-One, cat# 781904). Here, the rou-
tinely used chemiluminescent SEAP protocol in 96-well format was down-scaled accord-
ing to the new developed protocol with 10 pL of diluted sample (1:1 dilution with a sup-

plied dilution buffer), 10 uL of assay buffer, and 10 puL of substrate buffer per well.

2.34.1.2 Fluorescent SEAP assay

Fluorescent SEAP assay was performed using Alkaline Phosphatase Detection Kit (Sigma
Aldrich, cat# APF-1KT), according to the manufacturer’s instructions. Shortly, 20 uL of
heat-inactivated cellular supernatants were placed on the 96-well plate (black, Greiner
Bio-One, cat# 655090) and diluted with 20 pL of supplied dilution buffer, followed by
the addition of 160 uL fluorescent assay buffer. The enzymatic reaction was started by
addition of 1 puL of 10 mM 4-MPP substrate buffer and immediately monitored using
EnSpire multimode plate reader at 360 nm excitation and 440 nm emission wavelengths

for 25 to 45 minutes.

10 mM 4-methylumbelliferyl phosphate disodium salt (4-MPP)

1mg 4-MPP (supplied in Kit)
330puL  ddH20

stored aliquoted at -20°C

2.34.1.3 Colorimetric SEAP assay

Colorimetric SEAP assay protocol was adopted from Berger et al.*® In short, 10 pL of the
heat-inactivated cellular supernatants were mixed with 90 pL ddH;0 and 100 uL SEAP
buffer on a 96-well plate (transparent, Greiner Bio-One, cat# 655101) and incubated for
10 min at 37°C. Immediately after substrate buffer addition, the absorption of the reac-
tion was measured at 405 nm for 25 to 45 minutes using EnSpire multimode plate

reader.
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SEAP buffer SEAP substrate solution

1M diethanolamine 120 mM p-nitrophenyl phosphate,
10 MM  L-homoarginine-hydrochloride dissolved in SEAP buffer

0.5mM MgCl,

2.34.2 GLuc assay

Chemiluminescent GLuc assay was performed as described previously.?*? In short, 15 L
of cellular supernatants were placed on plate (white, Greiner Bio-One, cat# 655083 and
incubated for 5 min at 37°C. The 20 uM coelenteracine substrate buffer was prepared
in assay buffer and incubated for 30 min at room temperature protected from light. The
enzymatic reaction was started by injection of 50 uL substrate buffer and immediately

monitored using EnSpire multimode plate reader for 2 minutes (10 seconds/well).

GLuc assay buffer 5.9 mM coelenteracine stock solution

5 mM NaCl in PBS 2.5 mg coelenteracine (Carl Roth, cat# 4094)
pH 7.2 1 mL ethanol

stored at 4°C stored aliquoted at -80°C protected from light

coelenteracine substrate buffer

20 uM coelenteracine in assay buffer

prepared freshly

2.35 SEAP and GLuc assay validation parameters

For chemiluminescent SEAP and GLuc gene reporter assays following validation param-
eters were determined: assay sensitivity, linearity, and variability. Chemiluminescent
SEAP assay was validated using CMV::SEAP HEK293T reporter cells for assay perfor-
mance in 96-well format, and THP-1 reporter cells - for 384-well assay format. Chemilu-
minescent GLuc assay was validated using CMV::Gaussia HEK293T reporter cells for as-
say performance in 96-well format. Intra- and inter-assay coefficient of variations as well
as Z'-factor value were calculated using HEK293T cells, stably expressing backbone vec-
tor, or wild type THP-1 cells as negative control. The Z'-factor, a statistical factor for

assay quality in the setting of high throughput screening,?!® was calculated as follows:

58



Materials and Methods

3% (SD (sample) + SD (neg. control))

Z'=1-
(| mean (sample) — mean (neg. control) |
SD (sample) : standard deviation of the sample; 1> Z'-factor = 0.5: excellent assay;
SD (neg. control): standard deviation of negative control. 0 > Z’-factor > 0.5: double assay;

Z'-factor = 0: “yes/no” type assay;

Z’-factor < 0: screening is impossible.

2.36 Compound preparation

Screening compounds of LOPAC®'28% gnd ENZO®’7# libraries were maintained in DMSO
at 10 mM and stored on 384-well plates (Echo Qualified 384-well plates, Labcyte) at -
80°C (Fraunhofer IME ScreeningPort, Hamburg). Before screening, compounds were
thawed at room temperature and applied at final concentration of 10 uM. Stock solu-
tions of recombinant human IFN-g (1 mg/mL) and LPS (1 mg/mL) were prepared in cell
culture-grade DPBS. Stock solutions of compounds GSK 1210151A (10 mM), Ro 11-1464
(10 mM), Trichostatin A (6.6 mM), and Vorinostat (10 mM) were prepared in DMSO. IFN-
g stock solution and all of the remaining stock solutions were stored at -80°C and -20°C,
respectively. The desired compound concentrations were freshly prepared in the cell

culture medium for each treatment.

2.37 In vitro differentiation of THP-1 cells

In order to obtain THP-1-derived M, wild type and reporter THP-1 cells were seeded in
desired plate format and stimulated for 48 hours with 50 ng/mL PMA, followed by fur-
ther incubation in fresh cell culture medium for 72 hours, as described previously.?'*
During screening, THP-1 target reporter cells were differentiated in a bulk format (chap-

ter 2.39.1).

2.38 M1 treatment: in vitro polarization of THP-1 cells

For M1 polarization, differentiated THP-1 wild type and reporter cells were co-stimu-
lated with LPS (0.1 or 1 pg/mL) and IFN-g (20 ng/mL), as described previously.?'* The
gene expression was investigated in cells incubated with stimuli for 1, 3, and 6 hours.

For SEAP enzymatic assay, the cells were M1 treated for 24 hours.
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2.39 Screening for CEBPD-modulating compounds

2.39.1 High-throughput screening

HTS for CEBPD-modulating compounds was performed in a 384-well format semi-auto-
matically at Fraunhofer IME ScreeningPort in Hamburg. LOPAC®!28° and ENZO®’74 com-
pound libraries, containing 1280 and 774 compounds respectively, were screened twice.
THP-1 reporter cells were differentiated in a bulk format: cells were seeded in T175
flasks with 12 million cells and stimulated with 50 ng/mL PMA for 48 hours, followed by
cell recovery in fresh cell culture medium without PMA for 72 hours. PMA-differentiated
THP-1 reporter M@ were detached using Accutase® solution (Sigma-Aldrich, cat# A6964)
for 1 hour at 37°C, centrifuged for 5 min at 300 x g and seeded in a 384-well format with
10,000 cells per well in 50 pL of RPMI 1640 cell culture medium without phenol red. Next
day, overnight cell culture medium was automatically removed and 20 uL of fresh me-
dium were manually added to the re-attached cells. Next, cells were pre-treated with
screening and TSA control compounds, added robotically (0.2 pL per well, Echo 550 Lig-
uid Handler) for 1 hour at 37°C. Pre-treated cells were stimulated by manually addition
of 20 uL cell culture medium containing 0.1 pg/mL LPS and 20 ng/mL IFN-g (M1 treat-
ment, chapter 2.37). The final screening compound (10 uM) and TSA (0.5 uM) concen-
trations were restored by the second robotic compound addition. Finally, cell culture
medium of treated cells was robotically collected using JANUS Mini Platform (Perkin
Elmer), 24 hours after M1 treatment and analysed via SEAP readout assay. Chemilumi-
nescent SEAP assay was performed in 384-well format (chapter 2.34.1.1) on Envision
plate reader (Perkin Elmer). Cells were analysed via CellTiter-Glo® cell viability assay

(chapter 2.39.3).

2.39.2 Hit compound confirmation

Hit compound confirmation was performed manually according to the screening proto-
col described previously (chapter 2.39.1). THP-1 reporter cells were PMA-differentiated
in a bulk format and cultured in a 96-well format with 37,000 cells per well in 100 pL of
RPMI 1640 cell culture medium without phenol red. Chemiluminescent SEAP assay was
performed in a 384-well format (chapter 2.34.1.1). Obtained SEAP signals were normal-
ized to the corresponding cell numbers, determined via CellTiter-Glo® assay (chapter

2.39.3).
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2.39.3 Cell viability assay

Cell viability assay was performed using CellTiter-Glo® Kit (Promega, cat# G7570) in 384-
and 96-well format according to the manufacturer’s instructions. Shortly, after cellular
supernatants were collected for SEAP assay, freshly prepared CellTiter-Glo® reagent was
added to the cells with 100 pL per well and mixed for 2 minutes on an orbital shaker to
induce cell lysis. Upon incubation for 10 minutes at room temperature, luminescence

was recorded on EnSpire plate reader with 0.25 sec/well integration time.

2.39.4 Hit compound characterization

Characterization of GSK 1210151A, Ro 11-1464, vorinostat, and trichostatin A hit com-
pounds was performed manually according to the screening protocol described previ-
ously (chapter 2.39.1). THP-1 reporter cells were PMA-differentiated in a bulk format
and cultured in a 24-well format with 120,000 cells per well in 0.5 mL of RPMI 1640 cell
culture medium without phenol red. Hit compound-mediated effects on SEAP secretion
and expression of selected genes (Table 2.18) was determined via chemiluminescent
SEAP assay (384-well format, chapter 2.34.1.1), and real-time quantitative PCR (chapter
2.32), respectively. The compound-mediated effect on SEAP secretion was determined

for all 18 selected compounds, to analyse signal correlation (chapter 8.6.3 Fig.8-14).

2.40 Statistical analysis

All independent experiments were repeated at least three times. Significant differences
were evaluated using GraphPad Prism 8.0.1 software. The criteria for significance were

set with the following p-value: *p < 0.05; **p < 0.005; ***p < 0.001; ***p < 0.0001.
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3 Results

3.1 Screening assay design and experimental workflow

Development of phenotypic screening assay starts with definition of suitable screening
setting that includes three criteria — stimulus, cellular system, and readout. As the suit-
ability of these criteria depends on their relevance in the chosen disease context
(cf. chapter 1.1), | set stimulus, cellular system, and readout regarding to the inflamma-
tory aspects of RA (cf. chapter 1.3.3). In this study, LPS and IFN-g serve as the screening
stimuli, M1-polarized THP-1 reporter M — as the cellular system, and CEBPD as the tar-

get gene for the screening readout.

Bacterial artificial chromosome (BAC) that encodes a piece (201,427 bp) of the human
chromosome 8 including CEBPD gene was a genetic source of CEBPD promoter se-
guence, which | confirmed by sequencing (chapter 8.1.1, Fig.8-1). To monitor changes in
CEBPD target promoter activity | used SEAP as a gene reporter, which | combined with
further reporter genes such as GLuc and eGFP to a multi-gene-reporter cassette 1.0
(Fig.3-1A). | stably integrated this cassette, which was expressed on a viral vector, into
the genome of THP-1 cells. Generated THP-1 reporter M that undergo polarization to-
ward pro-inflammatory M1 state in response to LPS and IFN-g treatment | used for the

HTS for CEBPD-modulating compounds.

The THP-1-derived M display multiple advantages of their use during HTS: i) their easy
handling and acquisition, ii) no limitation in cell number, iii) their homogeneous genetic
background as well as purity of the obtained M¢ population.’®” M1-polarized
THP-1 Me display certain gene and surface protein expression markers that are compa-

rable to that of M1-polarized peripheral blood mononuclear cells (PBMCs).2

During screening, monitoring of compound-mediated changes in CEBPD promoter activ-
ity relies on usage of a robust, stable, sensitive, and non-invasive gene reporter like
SEAP. As introduced previously (cf. chapter 1.2), SEAP is an enzymatic and secreted re-
porter protein, whose transcription is initiated upon activation of a target promoter
(Fig.3-1B). Thus, SEAP indicates activation of CEBPD promoter by a strong enzymatic sig-
nal detected in the cellular supernatant (Fig.3-1B), which otherwise happens unper-

ceived in the nucleus. In THP-1 reporter M, the obtained SEAP signals can be norma-
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Figure 3-1: Structure of generated gene reporter cassettes and principles of their functioning in the cell.
A: BAC clone CH17-293N3 that encodes a fragment (201,427 bp) of human chromosome 8, including
CEBPD (red arrow), SPIDR, and PRKDC (grey arrows) genes, served as a genetic source for CEBPD target
promoter. Expressed on a plasmid (viral vector), multi-gene-reporter cassette 1.0 encodes SEAP-myc un-
der control of defined CEBPD promoter, restricted to contain only the most proximal known regulatory
sequences, TATA box, and 5" UTR. Supposed to be expressed directly on BAC, multi-gene-reporter cassette
2.0 encodes modified Prl-SEAP-myc-NLS-mCherry fusion protein, which is thought to be set under control
of endogenous CEBPD promoter, containing known and unknown regulatory sequences. Both cassettes
further encode GLuc-myc enzymatic and GFP fluorescent gene reporters under control of constitutive
promoters. B: In M1-polarized THP-1 reporter M stably expressing multi-gene-reporter cassette 1.0, LPS-
and IFN-g treatment activates CEBPD promoter resulting in secretion of SEAP-myc, whose enzymatic ac-
tivity is detected in cellular supernatant. Constantly secreted GLuc-myc reporter protein may serve as an
internal control. Cytoplasmic eGFP was used to select positive clones. C: Modified Prl-SEAP-myc-NLS-
mCherry (SEAP-myc-mCherry) fusion protein, stably expressed in M1-polarized THP-1 reporter Me, could
be used for both monitoring of CEBPD promoter activity and visual detection of ER-stress. NLS-tagged
copGFP exclusively locates in the nucleus supporting visual ER-stress detection. GLuc-myc may serve as
an internal control.
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lized to the corresponding signals of GLuc - a naturally secreted luciferase. As GLuc is
expressed under control of a strong constitutive promoter CMV, it is constantly secreted
into the cellular supernatant and can therefore serve as an internal control (Fig.3-1B).
The multi-gene-reporter cassette 1.0 encodes CEBPD target promoter that was re-
stricted to the most proximal, known regulatory sequences, TATA box, and 5'UTR
(Fig.1-3A,B). Such simplification relied on a limited cloning capacity of the viral vector,
on which the cassette 1.0 was expressed, and on lack of knowledge about location and
functionality of further CEBPD regulatory sequences in the proximal promoter region
(cf. chapter 1.3.1.3). To enhance screening reliability, | proposed to express gene re-
porter cassette under control of the endogenous CEBPD promoter directly on BAC that

1. Selection of a gene repotrter for screening readout

l

2. Selection of a gene reporter for normalization

3. Combination of selected gene reporters
to multi-gene-reporter cassette 1.0

® 4 & L &8 [ €8
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¥
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Figure 3-2: Experimental workflow - from screening assay development to the hit compound character-
ization. This 7-step experimental workflow gives an overview of the whole practical part. In this study, the
main focus was on screening assay development and execution of HTS for CEBPD-modulating compounds
(steps 1-7). A side-project (steps 4" and 5°) focused on generation of a multi-gene-reporter cassette 2.0,
to be expressed on BAC (development of cloning strategy).
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covers CEBPD’s genomic area of about 200,000 base pairs. Here, | planned to use an
optimized multi-gene-reporter cassette 2.0 encoding modified SEAP and GFP reporter
proteins (Fig.3-1A). The use of this cassette should enable both monitoring of CEBPD
promoter activity and visual detection of a cellular stress (Fig.3-1C), which can impair
SEAP secretion and therefore cause data misinterpretation. Although | could show that
the multi-gene-reporter cassette 2.0 was functional in HEK293T cells, its expression on

BAC in THP-1 target cells remained a future task.

In summary, the priority of this study was to develop and conduct of a HTS for CEBPD-
modulating compounds in THP-1 reporter M followed by characterization of identified
hit compounds (Fig.3-2). Generation of the multi-gene-reporter cassette 2.0 and testing
of its functionality belonged to a side-project, further development of which exceeded

the time limitation of this study (Fig.3-2).

3.2 Development of the screening assay

3.2.1 Generation and characterization of the multi-gene-reporter cassette 1.0
3.2.1.1 Selection of gene reporters suitable for monitoring of CEBPD promoter activity

or for normalization

Initially, it was important to determine which reporter protein, SEAP or GLug, suits at its
best to monitor CEBPD gene expression and which can serve as an internal control. Se-
lection of the best suitable reporter protein relied on characterization of the corre-
sponding enzymatic assay. Therefore, | generated three HEK293T reporter cell lines that
stably expressed each of the reporter-encoding constructs or an empty vector
(Fig.3-3A). Generation of stably transfected HEK293T reporter cells displayed certain ad-
vantages over transient transfection: i) no transient transfection variation; ii) no acute
cellular stress via transfection reagent addition; iii) easy handling of HEK293T cells;
iv) no limitation in cell number and cellular supernatant volume. SEAP and GLuc gene
reporters displayed their expected enzymatic activities in cellular supernatants of corre-
sponding HEK293T reporter cells (Fig.3-3B, D). SEAP and GLuc proteins carried a C-ter-
minal myc-tag that enabled their immunological detection via Western Blotting

(Fig.3-3C) and immunohistochemistry (Fig.3-3E). SEAP and GLuc showed predominantly
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Figure 3-3: Characterization of HEK293T reporter cells stably expressing SEAP or GLuc. Following stable
transfection with CMV::SEAP, CMV::GLuc or empty vectors (A), HEK293T cells were cultured on object
slides in a 6-well format for 24 hours. Enzymatic activity of each of the reporters was measured in cellular
supernatants of corresponding cells (B, D). Cells attached to object slides were used for immunofluores-
cence analysis (E) with the remaining cells being lysed for Western Blotting (C). Cellular supernatants (B,
D) or protein extracts (C) from empty vector-expressing HEK293T cells were utilized as negative control.
A: Schematic drawing of generated constructs. Myc-tagged SEAP or GLuc reporters were cloned into
empty vector encoding G2P fusion protein. G2P contains eGFP, which is linked via T2A self-cleavage pep-
tide to a puromycin resistance gene (encodes puromycin N-acetyl-transferase; puromycinR). MCS: multi-
ple cloning site B, D: Enzymatic activity of secreted SEAP-myc and GLuc-myc gene reporters. Each point
represents average signal £ SD of three independent experiments. RLU: relative luminescence units C:
Western Blotting analysis of protein extracts from non-transfected (non transf.) and stable transfected
HEK293T cells. Detected with an anti-c-myc antibody (1:500, Sigma Aldrich), SEAP-myc and GLuc-myc dis-
played expected protein sizes at 72 and 21 kDa, respectively. m: protein ladder. E: Immunofluorescence
analysis of HEK293T reporter cells. SEAP-myc and GLuc-myc proteins were detected intracellularly using
rabbit anti-c-myc (myc ab; 1:100, Sigma Aldrich) primary and anti-rabbit Alexa 555-conjugated secondary
(1:1000, Thermo Fischer Scientific) antibodies. DAPI: nuclear staining. Scale bar: 20 um.
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ex-nuclear localization in HEK293T reporter cells, typically for secreted proteins

(Fig.3-3E).

The suitability of reporter proteins relied on the fulfilment of purpose-dependent crite-
ria. During screening, monitoring of CEBPD gene expression required a very sensitive
and temporarily flexible detection, as CEBPD displayed a relatively weak promoter
strength (chapter 8.3, Fig.8-6) and timing of compound-mediated changes in CEBPD pro-
moter activity was unknown. SEAP and GLuc reporters both displayed a high protein
stability in cellular supernatants (cf. chapter 1.2) that led to their accumulation upon
promoter activation and hence enabled temporally flexible detection. Here, it was more
appropriate to compare the sensitivity of SEAP and GLuc enzymatic assays. Selection of
suitable gene reporter for normalization relied on a high reporter protein stability as

well as on a high assay repeat- and reproducibility.

Assay sensitivity, linearity, and variability?®® | estimated in serially-diluted cellular super-
natants of SEAP- (Fig.3-4) and GLuc-expressing HEK293T reporter cells (Fig.3-5). Assay
sensitivity was determined by an end-point dilution, at which the assay could no longer
distinguish between a positive (SEAP or GLuc) and a negative signal (background). The
clear difference between a positive and a negative signal was shown by Z'-factor, a sta-
tistical criterion that implicates means and signal deviations.?'* An optimal Z’-factor for
the SEAP and GLuc assay was set at 2 0.5. Thus, chemiluminescent SEAP assay displayed
high assay sensitivity indicated by the Z'-factor with 0.7 for the 1,000-fold diluted sample
(Fig.3-4B). In comparison, GLuc assay displayed only a moderate assay sensitivity as the
highest dilution, at which Z"-factor is > 0.5, was 100 (Fig.3-5B). Chemiluminescent SEAP
assay was also the most sensitive in comparison to the colorimetric (chapter 8.2.1,

Fig.8-3) and the fluorescent (chapter 8.2.2, Fig.8-4) SEAP assays.

Assay linearity is characterized by enzymatic signals that are directly proportional to the
concentration of the enzyme, which decreases with raising dilution. Whereas SEAP assay
was linear (R? > 0.9900) over four 10-fold dilutions (Fig.3-4C), GLuc assay - over three
10-fold dilutions (Fig.3-5C).

Assay repeatability is expressed by a coefficient of variability (CV): the intra-assay CV
and read-to-read CV. The intra-assay CV indicates the variability of enzymatic signals

between the multiple technical replicates of the same sample. The read-to-read CV
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Figure 3-4: Characterization of the chemiluminescent SEAP assay. SEAP enzymatic activity was measured
in undiluted and up to 10,000-fold diluted cellular supernatants of SEAP-expressing HEK293T reporter
cells 24h after cell seeding. Cellular supernatants of HEK293T cells stably transfected with empty vector
were utilized as negative control. A: Kinetics of enzymatic reaction. SEAP readout was measured for each
of the dilutions for 30 minutes after substrate addition. Each point represents the average signal = SD of
three independent experiments. B: Determination of assay sensitivity. The highest dilution factor at which
Z’-factor is 2 0.5 is 1,000 indicating high assay sensitivity. Data represent mean + SD of three independent
experiments. C: Determination of assay linearity. Chemiluminescent SEAP assay is linear (R?= 0.9945) over
four 10-fold dilutions. Each point represents the average signal of three independent experiments, de-
tected 20 minutes after substrate addition. D: Determination of assay repeatability and reproducibility.
The intra- and inter-assay CVs were determined between the three technical replicates or the three inde-
pendent experiments, respectively. RLU: relative luminescence units.

expresses the variability of enzymatic signals from the same sample detected on differ-
ent assay plates. SEAP assay displayed low intra-assay CV (< 10 %) for up to 1,000-fold
diluted samples (Fig.3-4D), while GLuc assay showed moderate intra- and read-to-read
CVs (< 15 %) for up to 100-fold diluted samples (Fig.3-5D). Assay reproducibility is ex-
pressed by the inter-assay CV that indicates the variability of enzymatic signals of sam-
ples that belong to different individual experiments. Chemiluminescent SEAP assay dis-
played low inter-assay CV (< 5 %) for up to 1,000-fold diluted samples (Fig.3-4D) and
thus a high assay reproducibility. GLuc assay showed moderate inter-assay CV (< 15 %)

for up to 100-fold diluted samples (Fig.3-5D). | also tested the suitability of the fluores-
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Figure 3-5: Characterization of the chemiluminescent GLuc assay. GLuc enzymatic activity was measured
in undiluted and up to 1,000-fold diluted cellular supernatants of GLuc-expressing HEK293T reporter cells
24h after cell seeding. Cellular supernatants of HEK293T cells stably transfected with empty vector were
utilized as negative control. A: Kinetics of enzymatic reaction. GLuc readout was measured for each of the
dilutions for 2 minutes after substrate addition. Each point represents the average signal £ SD of three
independent experiments. B: Determination of assay sensitivity. The highest dilution factor at which Z’-
factoris 2 0.5is 100 indicating moderate assay sensitivity. Data represent mean + SD of three independent
experiments. C: Determination of assay linearity. Chemiluminescent GLuc assay is linear (R?= 0.9986) over
three 10-fold dilutions. Each point represents the average signal of three independent experiments, de-
tected right after substrate addition. D: Determination of assay repeatability and reproducibility. The in-
tra-assay, read-to-read, and inter-assay CVs were determined between the three technical replicates, be-
tween single measurements of same samples on three assay plates, or between the three independent
experiments, respectively. RLU: relative luminescence units.

sent eGFP gene reporter to serve as internal control in THP-1 target cells. eGFP assay
displayed low assay sensitivity, linearity, repeatability and reproducibility (chapter 8.2.3,
Fig.8-5), eGFP was, therefore, an inappropriate gene reporter for normalization but
could serve as a fluorescent cell marker.

In summary, SEAP was the more suitable reporter protein for monitoring of CEBPD pro-
moter activity due to the higher assay sensitivity and broader linear range in comparison
to these of the GLuc assay. GLuc gene reporter could function as an internal control due
to its easy and temporary flexible detection and the acceptable inter-, read-to-read, and

intra-assay CVs for up to 100-fold diluted samples.
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3.2.1.2 Multi-gene-reporter cassette 1.0 is functional in target THP-1 cells

After assay characterization, | combined enzymatic SEAP and GLuc as well as fluorescent
eGFP gene reporters to a multi-gene-reporter cassette 1.0 (Fig.3-6A). The inducible part
of the cassette expressed SEAP under control of the defined CEBPD promoter (Fig.3-6B),
while the constitutive part expressed GLuc and eGFP reporters under control of strong

constitutive promoters CMV and SFFVp, respectively (Fig.3-6A).

To evaluate the use of SEAP and GLuc in target cells, | stably integrated the multi-gene-
reporter cassette 1.0 into the genome of wild type THP-1 cells using a lentiviral vector.
Following transduction and positive cell clone selection, | tested the differential plastic-
ity of generated THP-1 reporter cells. Like wild type THP-1 cells, THP-1 reporter mono-
cytes are suspension cells that differentiate to M@ in response to the treatment with
phorbol myristate acetate (PMA) changing their morphology and becoming adherent
(Fig.3-6C). During their recovery in a fresh PMA-free medium, PMA-differentiated
THP-1 Mo were observed to express gene and cell surface protein markers comparable
to these of PBMCs’.?16 Next, | tested the expression of SEAP and GLuc by detection of
their enzymatic activity in cellular supernatants of THP-1 reporter cells before and dur-
ing PMA-differentiation. SEAP and GLuc can be detected in the same cellular superna-
tant, as they utilize different substrates. As expected, SEAP enzymatic activity was at a
background level in cellular supernatant of undifferentiated THP-1 cells (Fig.3-6D, 24h
before PMA), as CEBPD gene displays a low basal expression in monocytes.®? PMA-dif-
ferentiation activated CEBPD promoter leading to SEAP secretion during (48h with PMA)
and after (48h recovery) PMA treatment (Fig.3-6D). GLuc reporter, which was expressed
under control of constitutive CMV promoter, displayed its enzymatic activity in cellular
supernatants of non- and PMA-differentiated THP-1 reporter cells (Fig.3-6E). Surpris-
ingly, GLuc enzymatic activity was induced in response to PMA treatment (Fig.3-6E, 48h
with PMA) and remained high after PMA treatment (Fig.3-6E, 48h recovery).

In summary, the defined CEBPD promoter as well as SEAP and GLuc reporter proteins
were functional in generated THP-1 reporter cells, which have undergone the expected

differentiation to M in response to PMA treatment.
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Figure 3-6: Characterization of THP-1 reporter cells stably expressing multi-gene-reporter cassette 1.0.
Wild type THP-1 cells were stably transduced using a lentiviral vector encoding multi-gene-reporter cas-
sette 1.0 (A) under control of the defined CEBPD promoter (B). THP-1 reporter cells were PMA-differenti-
ated to My, following positive cell clone selection. THP-1 cells were first cultured for 24 hours in a stand-
ard cell culture medium (24h before PMA), then treated with 50 ng/mL PMA for 48 hours (48h with PMA),
and, finally, cultured in a fresh PMA-free medium for 48 hours (48h recovery). Effect of PMA on THP-1
reporter cell morphology was examined by live-cell microscopy (C). Enzymatic activity of SEAP (D) and
GLuc (E) was examined in cellular supernatants of THP-1 wild type and reporter cells at indicated time
points. A: Schematic drawing of the multi-gene-reporter cassette 1.0. B: Schematic drawing of the defined
CEBPD promoter containing 5'UTR, TSS, TATA box as well as known (gray boxes) and proposed (blue
boxes) binding sites of regulatory TFs. Positions are indicated relative to TSS. C: Live-cell imaging of
THP-1 reporter cells. During PMA-differentiation, THP-1 reporter cells became adherent and displayed
heterogenic and elongated cell shape (white arrows). Scale bar: 100 uM. D, E: The effect of PMA on se-
cretion of SEAP (D) and GLuc (E) in THP-1 reporter cells. Data represent mean + SD of three independent
experiments. RLU: relative luminescence units.
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3.2.2 Generation and functionality test of the multi-gene-reporter cassette 2.0
3.2.2.1 Modification of SEAP gene reporter: detection of ER-stress

Integrity of the secretory pathway is an important factor that has to be considered using
secreted gene reporters like SEAP. Screening compounds can potentially cause ER-stress
that disturbs secretory pathway resulting in reduced SEAP secretion, which can be mis-
interpreted as an inhibitory effect of a screening compound on CEBPD gene expression.
For a non-invasive monitoring of ER-stress during screening, | sat out to use a dual-local-

ization mechanism that could be detected by a high content microscopy.

Secreted proteins like SEAP carry N-terminal signal peptide (SP) that is responsible for
secretory pathway targeting. The SPs are short (approx. 20 amino acids) protein seg-
ments that differ in their primary amino acid sequences but display similar physio chem-
ical properties. Further, SPs display different efficiencies according to their protein-tar-
geting ability in response to ER-stress. To test the endogenous SEAP SP, | compared its
protein targeting efficiency in absence and presence of ER-stress to this of SPs from
other proteins. To do so, | modified SEAP reporter protein by its C-terminal fusion to a
nuclear localization signal (NLS) and a red fluorescent protein mCherry (Fig.3-7A). Five
SEAP constructs were generated under the SPs from the following proteins: SEAP,
AJAP1, Prl, Prp, and one lacking the SP (Fig.3-7B). According to the proposed dual-local-
ization mechanism, SP-SEAP-myc-NLS-mCherry reporter, which normally locates in cy-
tosolic organelles (e.g. ER, Golgi), translocates to the nucleus in response to ER-stress
(Fig.3-7C). The SP-specific differences in protein targeting efficiency in absence and pres-
ence of ER-stress | determined in DMSO- and thapsigargin-treated HEK293T reporter
cells transiently expressing generated SP-SEAP-myc-NLS-mCherry proteins (Fig.3-8). Se-
cretion of SEAP was not considerably affected by its fusion to NLS-mCherry, as detected
in cellular supernatants of corresponding HEK293T reporter cells, before and after
DMSO treatment (Fig.3-8A, B, C, D, grey lines) and before thapsigargin treatment
(Fig.3-8A, B, C, D, green line). As expected, SP-deficient delta-SEAP-myc-NLS-mCherry
protein displayed a background enzymatic activity indicating the absolute requirement
of SP for protein secretion (Fig.3-8A, B, C, D, blue line). In response to the thapsigargin
treatment (3 uM for 6h), SP-SEAP-myc-NLS-mCherry secretion level was dramatically re-

duced in comparison to before treatment, in SP-independent manner (Fig.3-8A, B, C, D,
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Figure 3-7: Development of SEAP-based ER-stress reporter using dual-localization mechanism. A: Sche-
matic drawing of generated SEAP-based reporter gene and reporter protein. Here, myc-tagged SEAP (dark
red) has been further modified by its C-terminally fusion to a nuclear localization signal (NLS, green) and
a red fluorescent protein (mCherry, magenta). In total, five different SEAP-myc-NLS-mCherry fusion pro-
teins were generated that carry different signal peptides (SP, pink) including wild type SEAP’s SP (wt), SPs
from other proteins (AJAP1, Prp, Prl), as well as delta SP (signal peptide deletion mutant). B: Primary
amino acid sequences and lengths of used SPs are described in (A). C: Schematic principle of ER-stress
detection using dual-localization mechanism. SP-SEAP-myc-NLS-mCherry reporter gene is transcribed into
the corresponding mRNA following transfection (1). Freshly synthetized reporter mRNA translocates into
the cytosol for the ribosomal translation to generate SP-SEAP-myc-NLS-mCherry protein (2). Ribosomal
synthesis of proteins carrying N-terminal SP terminates in cytosol to be continued in ER-lumen. Translo-
cated to ER (3), ribosome binds to translocon located in ER membrane (here not shown) leading to protein
synthesis in ER-lumen. The fully synthetized protein is further modified through SP cleavage in ER, under-
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going protein folding and glycosylation (here not shown). Next, reporter protein is transported to Golgi
(4) and later to cell membrane to be finally secreted into the supernatant (5). However, during ER-stress
(red area) usual translocation process of ribosome to ER can be disturbed resulting in cytosolic protein
synthesis (6). Fully synthetized proteins usually stay in cytosol being unable to enter ER and failing to be
secreted (7). Here, NLS-carrying reporter proteins are recognized by other protein machinery and targeted
to the nucleus (8). ER-stress, potentially caused by a screening compound during HTS, may be detected
through a monitoring of SEAP-myc-NLS-mCherry localization by high-content microscopy.

red line). The remaining SEAP enzymatic activity, which was normalized to the corre-
sponding values before treatment and compared to that of DMSO-treated control (set
as 1), was between 18 to 27 per cent in response to the thapsigargin-induced ER-stress
(Fig.3-8E). Tested SPs displayed no significant differences in their individual ER-stress
sensitivity. Elevated protein level of GRP78 - a well-established ER-stress marker?'’ - con-
firmed ER-stress onset in thapsigargin-treated samples, as demonstrated by Western
Blotting (Fig.3-8F). Fluorescent microscopy analysis showed that the red fluorescence
ability of mCherry was unaffected by its fusion to SEAP-myc-NLS and could be detected
in fixed HEK293T reporter cells (Fig.3-8G). As expected, delta-SEAP-myc-NLS-mCherry
protein located exclusively in the nucleus, unable to be targeted to ER (Fig.3-8G, last
panel). Different extend of the nuclear reporter localization characterized dissimilar pro-
tein targeting efficiencies of tested SPs in the absence of ER-stress. Wild type SEAP and
AJAP1 SPs were less efficient in comparison to Prl and Prp SPs (Fig.3-8G, first panel),
indicated by the absent non-nuclear localization of corresponding reporter proteins. Prl
SP showed the highest SP efficiency compared to other SPs tested exhibiting hardly any
nuclear localization. Further, Prl-SEAP-myc-NLS-mCherry translocated to the nucleus in
response to the thapsigargin treatment (Fig.3-8G, middle panel), visually indicating the
onset of ER-stress. These preliminary data characterized Prl-SEAP-myc-NLS-mCherry as

a potential ER-stress reporter.

3.2.2.2 Multi-gene-reporter cassette 2.0 is functional in HEK293T cells

The modified Prl-SEAP-myc-NLS-mCherry protein | combined with GLuc-myc and cope-
pod GFP (copGFP) to a multi-gene-reporter cassette 2.0. Each of the used reporter pro-
teins displayed its purpose-dependent function in the cassette 2.0 (Fig.3-9A). | further
modified copGFP by its C-terminal fusion to NLS, as visual detection of ER-stress can be

supported by the optical marking of the nucleus. A predominantly non-nuclear protein
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Figure 3-8: Characterization of SP-dependent ER-stress sensitivity and protein targeting efficiency. Wild
type HEK293T cells were cultured on object slides in a 6-well format for 24 hours followed by transient
transfection with wt-, AJAP1-, Prp- or Prl-SEAP-myc-NLS-mCherry-expressing plasmids. Cellular superna-
tants were collected next day after transfection (condition “before treatment”). Next, HEK293T reporter
cells were treated with medium supplemented with either 3 uM thapsigargin or equal volume of DMSO
solvent control for 6h (condition “after treatment”). Changes in SEAP secretion were detected in corre-
sponding cellular supernatants (A-E). Cells attached to object slides were used for microscopic analysis (G)
and the remaining cells were analyzed by Western Blotting (F). A, B, C, D: Chemiluminescent SEAP assay.
Enzymatic activity of SEAP-myc-NLS-mCherry was monitored in cellular supernatants of HEK293T reporter
cells, before and after DMSO or thapsigargin treatment. Background enzymatic activity was detected in
cellular supernatant of HEK293T reporter cells transiently expressing delta-SEAP-myc-NLS-mCherry. Each
point represents an average signal £ SD of three independent experiments. E: ER-stress-mediated reduc-
tion in SEAP secretion. Enzymatic signals of thapsigargin treated samples, detected 15 min after substrate
addition, were normalized to their corresponding DMSO control (summarized in one bar, which is set as
1). Statistical analysis was done via ordinary one-way ANOVA with Dunnett’s multiple comparisons test,
with a single pooled variance. Data represent mean + SD of three independent experiments. F: Western
Blotting analysis of protein extracts from non-treated wild type HEK293T (neg. control) and thapsigargin
or DMSO treated HEK293T reporter cells. GRP78 (ER-stress marker) and GAPDH (loading control) proteins
were detected using anti-GRP78 (1:1000, Santa Cruz Biotechnology) and anti-GAPDH (1:1000, Cell Signal-
ing Technology) primary antibodies, respectively. Here, HRP-conjugated secondary antibodies were used.
Representative result of three independent experiments is shown. m: protein maker;
****p-value < 0.0001.
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Figure3-8: Continuance.
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Figure 3-8: Characterization of SP-dependent ER-stress sensitivity and
protein targeting efficiency. G: Microscopic analysis of SP-dependent
changes in reporter protein localization in response to thapsigargin treat-
ment. Following DMSO or 3 uM thapsigargin treatment for 6h, HEK293T
cells transiently expressing SP-SEAP-myc-NLS-mCherry reporter proteins
were fixed, permeabilized, and stained with DAPI nuclear staining (blue).
After staining, cellular localization of mCherry-containing reporter pro-
tein (red, Amax 610 nm) was detected via fluorescence microscopy. Lack-
ing SP, delta-SEAP-myc-NLS-mCherry (ASP) exclusively localizes in the nu-
cleus (orange arrow). The ex-nuclear (white arrows) or nuclear (yellow
arrows) localization of SP-containing reporter proteins is indicated. Rep-
resentative pictures of three independent experiments are shown. Scale
bar: 15 uM.

localization of Prl-SEAP-myc-NLS-mCherry and an exclusively nuclear protein localization

SEAP-myc-NLS-mCherry + DAPI

of copGFP reporter confirmed the functionality of the generated cassette (Fig.3-9B),
which was transiently expressed in HEK293T cells under control of the defined CEBPD

promoter. These preliminary data showed a potential use of the multi-gene-reporter
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cassette 2.0 during screening for the non-invasive monitoring of CEBPD target promoter
activity and of ER-stress onset.

A | monitoring of CEBPD | positive selection of pro- and eukary- | normalization of
3 promoter aCthlty, 3 otic cell Clones,' 3 SEAP Siqnals

' visualization of © visual marking of nucleus
5,3 ER-stress onset

n | 3 !
S SEAP-myc 5! mCherry ' copGFP ) ygromyecinR PGK/em'?p,.m ------
| '

| i I

| i
[ inducible part b e CONSEIEUTIVE PATT irwrrerresemesesesoesee »i

Prl-SEAP-myc-NLS-mCherry

Figure 3-9: Functionality test of multi-gene-reporter cassette 2.0 in HEK293T cells. A: Schematic drawing
of the structure and corresponding functions of the multi-gene-reporter cassette 2.0. B: Live-cell imaging
of HEK293T cells transiently expressing the described 2.0 cassette (A). Here the cassette is expressed un-
der control of the defined CEBPD promoter (Fig.3-6B), in a pcDNA3.1(-) backbone. Prl-SEAP-myc-NLS-
mCherry (red) displayed predominantly non-nuclear and copGFP-NLS (green) showed exclusively nuclear
protein localizations in the absence or ER-stress. Scale bar: 15 pM.

3.2.3 Validation of the cellular system and specification of the screening procedure
3.2.3.1 M1-polarized THP-1 reporter M serve as a reliable cellular system

| validated the generated THP-1 reporter cell line according to its suitability and reliabil-
ity for the screening. To do so, | polarized PMA-differentiated THP-1 reporter M toward
the pro-inflammatory M1 state by the treatment with LPS and IFN-g (M1 treatment).
THP-1 reporter M changed their cellular morphology like wild type THP-1 M from a

round to a spindle-like in response to the M1 treatment (Fig.3-10A).

Further, | tested transcription activation of the endogenous CEBPD gene in response to
LPS treatment in wild type non- and PMA-differentiated THP-1 cells (Fig.3-10B). The LPS-
mediated CEBPD induction is reported to be rapid and transient,3® with a maximal mRNA
expression level at 4 hours after LPS exposure in murine M@.”* LPS treatment
(100 pg/mL-0.1 pg/mL) failed to activate the endogenous CEBPD in non-differentiated
wild type THP-1 cells (Fig.3-10B, 6h, 24h). However, CEBPD gene expression was signifi-
cantly activated in PMA-differentiated THP-1 M¢ in response to 50 and 100 ng/mL LPS
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relative to solvent control, 6 hours after treatment (Fig.3-10B, 6h (PMA)). Treatment
with 20 ng/mL IFN-g and 0.1 or 1 pug/mL LPS also significantly activated gene expression
of endogenous CEBPD in PMA-differentiated THP-1 reporter M¢, 6 hours post-treat-
ment (Fig.3-10C). Gene expression pattern of SEAP reporter expressed under control of
the defined CEBPD promoter (CEBPD::SEAP) mirrored that of the endogenous CEBPD
(Fig.3-10D) in M1-polarized THP-1 reporter M. Further, elevated SEAP secretion indi-
cated activation of CEBPD::SEAP gene expression in M1-polarized THP-1 reporter Mg
(Fig.3-10E). However, changes in SEAP secretion level could be first reliably detected at
a later time point (24 hours). Such a shift in SEAP detection in cellular supernatant may
be caused by: i) time needed for protein synthesis and secretion; ii) relatively weak pro-
moter strength of CEBPD causing a slow accumulation of SEAP upon promoter activa-

tion.

In summary, in M1-polarized THP-1 reporter Me: i) mRNA expression of endogenous
CEBPD was induced; ii) mRNA expression pattern of the reporter CEBPD::SEAP mirrored
that of the endogenous CEBPD; iii) SEAP reporter reliably indicated activation of the de-
fined CEBPD promoter in the corresponding cellular supernatant. The M1-polarized
THP-1 reporter Mo represented, therefore, a suitable and reliable cellular system for

the screening.

3.2.3.2 Specification of the final screening procedure
Following conditions needed to be specified for the final screening protocol: i) cell cul-
ture and differentiation formats; ii) M1 treatment condition and timing; iii) control sub-

stance identity; iv) normalization assay; v) down-scaling of SEAP readout assay.

During screening, it was important to use fresh one-week THP-1 reporter cells to prevent
possible CEBPD promoter methylation-mediated reduction in SEAP secretion level. The
ongoing methylation of the GC-reach CEBPD promoter sequence may silence its activity
resulting in reduced SEAP secretion. SEAP enzymatic activity was more than two times
lower in cellular supernatants of five-week old THP-1 reporter Mg in comparison to this

of one-week old THP-1 reporter Mo (chapter 8.4.1, Fig.8-7).
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Figure 3-10: Characterization of SEAP as a reliable gene reporter for monitoring of CEBPD promoter
activity in THP-1 reporter M. PMA-differentiated THP-1 reporter M stably expressing multi-gene-re-
porter cassette 1.0 (A, C, D, E) were polarized toward the M1 state through the treatment with LPS
(0.1 or 1 pg/mL) and IFN-g (20 ng/mL) for up to 24 hours. Relative gene expression in cell lysates (B, C, D)
and enzymatic SEAP reporter activity in corresponding cellular supernatants (E) were determined. Solvent
control was represented by THP-1 cells treated with PBS for indicated time points. A: Live-cell imaging of
PMA-differentiated, non-polarized (solvent control, PBS) and M1-polarized THP-1 reporter Mg. M1-po-
larized reporter M changed their morphology displaying spindle-like cell shape, 24h after LPS- and
IFN-g treatment (white arrows). Scale bar: 100 uM. B: Endogenous CEBPD gene expression analysis in non-
differentiated and PMA-differentiated (PMA) wild type THP-1 cells in response to LPS treatment
(100 pg/mL — 0.1 ug/mL) for 2, 6, and 24h. C, D: Endogenous CEBPD (C) and reporter CEBPD::SEAP (D)
gene expression analysis in THP-1 reporter M in response to LPS- and IFN-g treatment for 1, 3, or 6h.
RPL37A housekeeping gene was used for normalization (RT-gPCR, AAC: method). Differences in CEBPD
gene expression levels were analyzed relative to solvent control via one-way ANOVA or Kruskal-Wallis test
with Dunn’s correction for multiple comparisons. Data represent mean + SD of three independent exper-
iments. *p < 0.05; **p < 0.005; ***p < 0.001. E: Chemiluminescent SEAP assay. SEAP secretion level was
monitored in response to the treatment with PBS- or LPS- and IFN-g for 1, 3, 6, or 24h, in cellular super-
natants of THP-1 reporter M, 40 minutes after substrate addition. Data represent mean * SD of three
independent experiments.
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THP-1 reporter cells were PMA-differentiated to M. Differentiation of THP-1 reporter
Me directly on a plate, in 384 individual wells, may result in well-to-well differences in
differentiation state due to their high cellular plasticity. Such variations can negatively
impact readout reliability, as activation of CEBPD promoter is differentiation-dependent
(Fig.3-6D). Therefore, THP-1 reporter cells were PMA-differentiated in a bulk format, in
large-volume cell culture flasks, and then seeded on 384-well plates (Fig.3-11), to ensure

their equal differentiation state.

The M1-polarization of THP-1 reporter M@ was a necessary condition for the assay.
Treatments with both LPS as 0.1 pg/mL or 1 pg/mL and 20 ng/mL IFN-g significantly up-
regulated CEBPD gene expression (Fig.3-10C). Assuming LPS-mediated effect sizes de-
pend on LPS concentration, | decided to use 0.1 pg/mL LPS (and 20 ng/mL IFN-g) for M1
treatment, as potential CEBPD-inhibitory compounds could rather show their effects
then a lower LPS amount is used. Pre-treatment of THP-1 reporter M with screening
compounds prior to M1 treatment could further increase the probability of CEBPD-in-

hibitory compound identification (Fig.3-11).

During screening, control substances act as a benchmark for screening assay quality.
Among the tested substances including rosmanol, inotilone, lovastatin, and p38 MAP
kinase inhibitor IV, only trichostatin A (TSA) displayed a noticeable effect. TSA reliably
upregulated SEAP secretion in M1-polarized THP-1 reporter M (data not shown) and

served, therefore, as a control substance during screening.

Unexpectedly, GLuc showed changes in gene expression during experimental testing of
control substances (data not shown). GLuc assay was, therefore, not suitable for nor-

malization and was replaced by the CellTiter-Glo® assay (CTG).

To enable a semi-automatic screening performance and to reduce screening costs, |
down-scaled SEAP readout assay to the 384-well format. Chemiluminescent SEAP assay
was demonstrated to be sufficiently robust and sensitive for small sample volumes

(chapter 8.4.2, Fig.8-8).
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Figure 3-11: Schematic workflow of the screening. THP-1 reporter cells were PMA-differentiated in a bulk format in T175 cell culture flasks (t-ed) for 48 hours and cultured in
fresh PMA-free cell culture medium for 72 hours (t-24). Next, PMA-differentiated THP-1 reporter M were seeded in 384-well format with 10,000 cell per well (t-24n). Next day,
the cellular supernatants were robotically removed and 20 pL of fresh cell culture medium were added manually to 384-well plates. THP-1 reporter M were pre-treated
with compounds from LOPAC®!28 and ENZO®’7* libraries (final concentration 10 uM) as well as with TSA control compound (final concentration 0.5 uM) for 1 hour (t-in).
Finally, 20 uL of 2-fold concentrated M1 medium (final concentration with 0.1 pg/mL LPS and 20 ng/mL IFN-g) were manually added to the compound pre-treated THP-1
reporter M@ (to). After M1-treatment, the final compound concentration was restored. Next day, cell culture supernatants were collected for the chemiluminescent SEAP
assay (assay readout). Cell viability was estimated by CellTiter-Glo® assay (CTG) (t2an).
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3.3 Screening for CEBPD-modulating compounds

3.3.1 High-throughput screening of LOPAC®'280 and ENZO®77* libraries

We screened LOPAC®!28% and ENZO®’74 compound libraries, which contained 1280 phar-
macological active and 774 approved therapeutic compounds, respectively. Each
screening plate contained following conditions: MO control (PMA-differentiated, non-
polarized, non-treated THP-1 reporter M), M1 solvent control (PMA-differentiated,
M1-polarized, DMSO pre-treated THP-1 reporter M), M1 TSA control (PMA-differenti-
ated, M1-polarized, TSA pre-treated THP-1 reporter M), and M1 compound treatment
(PMA-differentiated, M1-polarized, compound pre-treated THP-1 reporter Mg). We
performed screening twice (read 1 and read 2), testing repeatability and enhancing reli-
ability. For each of the four LOPAC®'?8 (Fig.3-12, chapter 8.6.1, Fig.8-11) and three
ENZO®’74(Fig.3-13, chapter 8.6.1, Fig.8-12) screening plates, | displayed enzymatic SEAP
signals from read 1 in correlation to the corresponding signals from read 2. As expected,
SEAP secretion level in M1 solvent control condition (Fig.3-12, Fig.3-13, red dots) was
increased in comparison to the background SEAP secretion level in MO control condition
(Fig.3-12, Fig.3-13, green dots). SEAP secretion level was elevated in response to TSA
treatment relative to that in M1 solvent control condition (Fig.3-12, Fig.3-13, blue dots),
as already observed during screening development (data not shown). Each compound-
caused SEAP signal (Fig.3-12, Fig.3-13, gray dots) | characterized according to its differ-
ence to an average signal of the corresponding M1 solvent control (Fig.3-12, Fig.3-13,
red lines). First, | calculated means (n) and standard deviations (SD) of SEAP signals from
16 wells of the M1 solvent control condition, for each read and plate and applied a scor-
ing matrix by adding (Fig.3-12, Fig.3-13, black lines) and subtracting (Fig.3-12, Fig.3-13,
green lines) up to three-fold SDs from the corresponding average signal of M1 solvent
control condition. According to a “three-sigma rule of thumb”, about 99.7 % of values
lie within the three standard deviations of the mean.?8 Therefore, a value deviating fur-
ther than three SDs can be considered as a hit. For the obtained screening data, this
assumption becomes more robust if the individual value difference was detected in both
reads. Each of the screening compounds, | ranked according to the strength and the
reproducibility of the corresponding SEAP signal. The best ranking score “A” indicates a

compound deviating over three SDs in both reads. (Fig.3-14).
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Figure 3-12: Identification of hit compounds derived from screening of LOPAC®?% [ibrary. Screening of LOPAC®'2% |ibrary included four 384-well plates, one of which is
shown here. Please refer to chapter 8.6.1 Fig.8-11 for the remaining plates. Enzymatic SEAP signals were detected in cellular supernatants of non-polarized and non-treated
(MO control; green dots) and M1-polarized either with DMSO (M1, DMSO; red dots), compound (M1, compound; gray dots), or TSA (M1, TSA; blue dots) pre-treated THP-1
reporter M@. SEAP signals from read 1 were plotted on X-axis and corresponding signals from read 2 on Y-axis. Compounds showing strong activatory or inhibitory effect on
SEAP secretion were identified in areas over (n + 1/2/3xSD, black line) or under (n — 1/2xSD, green line) up to three SDs of the mean signal (n, read line), calculated for the
“M1, DMSO” condition (solvent control), respectively. Selected compounds (red circles) are summarized in Table 3.3.
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Figure 3-13: Identification of hit compounds derived from screening of ENZO®’7 library. Screening of ENZO®’7* library included three 384-well plates, one of which is shown
here. Please refer to chapter 8.6.1 Fig.8-12 for the remaining plates. Enzymatic SEAP signals were detected in cellular supernatants of non-polarized and non-treated (MO
control; green dots) and M1-polarized either with DMSO (M1, DMSO; red dots), compound (M1, compound; gray dots), or TSA (M1, TSA; blue dots) pre-treated THP-1 reporter
M. SEAP signals from read 1 were plotted on X-axis and corresponding signals from read 2 on Y-axis. Compounds showing strong activatory or inhibitory effect on SEAP
secretion were identified in areas over (n + 1/2/3xSD, black line) or under (n — 1/2xSD, green line) up to three SDs of the mean signal (n, read line), calculated for the “M1,
DMSQO” condition (solvent control), respectively. Selected compounds (red circles) are summarized in Table 3.3.
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Each of the screening compounds (2054 in total) obtained its indi-
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read 1 the strength and the reproducibility of the corresponding SEAP sig-
2(E D D B | nal.

Following the ranking, | defined screening compounds according to their effect on the
SEAP signal relative to the M1 solvent control: compounds with a high SEAP signal as
“activatory-acting” and compounds with a low SEAP signal as “inhibitory-acting”. | sum-
marized the ranked screening compounds from LOPAC®!?% (Table 3.1) and ENZO®774
(Table 3.2) libraries according to their activatory or inhibitory activity and the obtained

ranking score.

After classification, | selected the most prominent compounds considering both their
rankling score and the corresponding pharmacological effect. Whereas A- compounds
(GSK 1210151A, Ro 11-1464, and vorinostat) | automatically considered as hits, B-, C-,
and D-ranked activatory-acting compounds | first evaluated according to their pharma-
cological action. From the LOPAC®!?8 library (chapter 8.5, Fig.8-9), | selected com-
pounds that display an anti-inflammatory effect (13-cis-retinoic acid and bropirimine).
From ENZO®’74 library (chapter 8.5, Fig.8-10), | selected compounds that are used for
the treatment of inflammatory diseases like rheumatoid arthritis (leflunomide) and
asthma (zileuton). As the inhibitory-acting compounds from both libraries displayed ra-
ther low ranking score (D-F), | selected hit compounds regarding to their pharmacologi-
cal action and intensity of the corresponding SEAP signal. From LOPAC®!?80 [ibrary, |
chose compounds that display the most prominent difference in SEAP signal intensity
relative to this of M1 solvent control condition (lasofoxifene tartrate and sanguinarine
chloride) or modulate relevant pharmacological pathways (roscovitine). From the
ENZO®’74library, | chose compounds that act anti-inflammatory (auranofin, ketorolac
tromethamine, fluocinonide, amcinonide, and halcinonide) or immune-suppressive (mi-
toxantrone). In total, | identified 18 compounds: nine with a high and nine with a low

SEAP signal (Table 3.3).
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Table 3.1: The LOPAC®*?® [ibrary compounds sorted according to their rankig score.

LOPAC®1280 (1280 compounds)

ri::::g activatory-acting compounds sum inhibitory-acting compounds sum
platel plate2 plate3 plated plate 1 plate2  plate 3 plate 4

A 2 2 0
B 1 1 2 0
C 1 3 4 0
D 4 13 17 8 42 8 7 10 25
E 14 20 15 27 76 62 6 19 87
F 45 52 49 59 205 57 115 99 96 367
G 257 232 235 225 949 263 135 208 195 801

Table 3.2: The ENZO®’?* library compounds sorted according to their ranking score.

ENZO®774 (774 compounds)

ranking . . s .
score activatory-acting compounds sum inhibitory-acting compounds sum
plate 1 plate 2 plate 3 plate 1 plate 2 plate 3

A 1 1 0
B 0 0
C 1 1 0
D 6 10 2 18 6 5 6 17
E 9 9 5 23 1 18 10 29
F 51 31 27 109 141 80 79 300
G 252 239 131 622 172 186 70 428

3.3.2 Hit compound conformation

In order to verify the effect of 18 selected compounds on SEAP secretion, | manually
performed a conformational screening in a 96-well format (chapter 2.39.2). Enzymatic
SEAP signals of compounds from LOPAC®?%0 (chapter 8.6.2, Fig.8-13A) and ENZO®’74
(Fig.8-13B) libraries | normalized to the corresponding cell number values, detected via
CellTiter-Glo® assay (Fig.8-13C, D). Normalized SEAP signals | displayed as a fold change
in SEAP secretion level relative to MO control condition, set as 1 (Fig.3-15).

SEAP secretion was significantly elevated in response to M1 treatment, as seen during
HTS (Fig.3-15A, B, blue bars). SEAP secretion level was also significantly upregulated rel-
ative to M1 solvent control by A-ranked hit compounds GSK 1210151 (Fig.3-15A) and
vorinostat (Fig.3-15B). Also the A-ranked compound Ro 11-1464 displayed an activatory
activity upregulating SEAP secretion (Fig.3-15A). The remaining activatory-acting com-
pounds failed to show their significant effect on SEAP secretion (Fig.3-15A, B, red bars).
Also inhibitory-acting compounds from LOPAC®%8 and ENZO®’7* libraries failed to sig-
nificantly reduce SEAP secretion relative to M1 solvent control (Fig.3-15A, B, green bars).

Lasofoxifene tartrate, sanguinarine chloride, auranofin, and mitoxantrone were cell
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Table 3.3: List of compounds derived from the high-throughput screening of LOPAC®!%° and ENZO®774

libraries.
librar >D SD rankin
# compound pharmacological effect ¥ (read (read &
ID score
1) 2)
activatory-acting compounds
1 GSK bromodomain inhibitor
LOPAC 3 3 A
1210151A
2 Ro 11-1464 thienotriazolodiazepine LOPAC 3 3 A
3 vorinostat histone deacetylase inhibitor ENZO 3 3 A
4 Ro 61-8048 kynurenine 3-hydroxylase and
kynurenine 3-monooxygenase LOPAC 3 2 B
(KMO) inhibitor
5 danshensu apoptosis inhibitor via Akt and
. . LOPAC 2 3 B
sodium salt ERK1/2 phosphorylation
6 leflunomide DMARD, treatment of RA ENZO 3 1 C
7 13-cis-re- anti-inflammatory and anti-tumor
S LOPAC 0 3 D
tinoic acid agent
8 bropirimine oral immunostimulant, interferon
L. LOPAC 0 3 D
production inducer
9 zileuton 5-lipoxygenase inhibitor, treat-
ENZO 3 -1 D
ment of asthma
inhibitory-acting compounds
10 lasofoxifene non-steroidal, 3rd generation se-
tartrate lective estrogen receptor modula- LOPAC -2 -1 D
tor (SERM)
11 sanguinarine benzophenanthridine alkaloid;
chloride anti-inflammatory and anti-oxi- LOPAC -2 -1 D
dant agent
12 auranofin anti-inflammatory agent ENZO -2 -2 D
13 mitoxant- Immune-suppresive action
ENZO -2 -2 D
rone
14 ketorolac non-steroidal anti-inflammatory
trometha- drug ENZO 0 -1 E
mine
15 fluocinonide glucocorticoid ENZO 0 -1 E
16 amcinonide corticosteroid ENZO 0 -1 E
17 roscovitine MAPK inhibitor LOPAC -1 0 F
18 halcinonide corticosteroid ENZO -1 0 F

toxic at the selected treatment condition, strongly affecting cell numbers and therefore

SEAP secretion (Fig.8-13C, D).

All 18 selected compounds were also characterized by gPCR: gene expression of endog-

enous CEBPD and CEBPD::SEAP reporter were quantified (data not shown). mRNA ex-

pression of CEBPD::SEAP failed to correlate to the SEAP readout for B-, C-, D-, and

F-ranked activatory-acting and inhibitory-acting compounds with SEAP signals within

three SDs from the solvent control. Correlation between CEBPD::SEAP gene expression
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Figure 3-15: Conformational analysis of selected compounds from LOPAC®'22° and ENZO®774 libraries. A,
B: Selected compounds from LOPAC®128 (A) and ENZO®’7* (B) libraries were screened in 96-well format
as described previously (chapter 2.39.2). SEAP signals of activatory- (red bars) and inhibitory-acting (green
bars) compounds (Fig.8-11A, B) were normalized to corresponding cell number values (Fig.8-11C, D) and
are shown here as fold changes in SEAP secretion level relative to MO control, set as 1 (grey bars). Differ-
ence in SEAP secretion levels between MO control and M1 solvent control was analyzed via Wilcoxon
signed-rank test (1.00 as hypothetical value). Differences in SEAP secretion levels between M1 solvent
control and M1 compound treatment conditions were analyzed via non-parametric Mann-Whitney test.
Data represent mean + SD of nine single wells per condition. **p < 0.005; ***p < 0.001.
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and SEAP readout was observed for all three A-ranked compounds with signals above
three SDs: GSK 1210151A, Ro 11-1464, and vorinostat, characterizing the generated

screening assay as sensitive and specific for CEBPD-activatory compounds.

GSK 1210151A and Ro 11-1464 are bromo-domain and extra-terminal motif (BET) inhib-
itors, whereas vorinostat is a histone deacetylase (HDAC) inhibitor. The control com-
pound TSA, which reproducibly upregulated SEAP secretion during HTS, is also an HDAC
inhibitor with a similar structure to vorinostat. Confirmed hit compounds and TSA were

further characterized according to their pharmacological activity in target cells.

3.4 Epigenetically active hit compounds modulate CEBPD gene expression

GSK 1210151A, Ro 11-1464, vorinostat, and TSA | characterized according to their ability
to modulate gene expression in the chosen cellular context of inflammation. To do so, |
observed hit compound-mediated changes in mRNA expression of following genes in
M1-polarized THP-1 reporter M@: endogenous CEBPD, reporter CEBPD::SEAP, interleu-
kin 6 (IL-6), interleukin 1 beta (IL-18), and CC-chemokine ligand 2 (CCL2) (chapter 2.39.4).

As the defined CEBPD promoter contains a restricted number of known and proposed
regulatory sequences, the hit compound effect on expression of reporter CEBPD::SEAP
may differ from that of endogenous CEBPD. Therefore, it was important to monitor the
expression of both CEBPD and CEBPD::SEAP. Should the expression of these genes differ
in response to the hit compound treatment, the relevant regulatory sequences can be
identified as the sequence of the defined CEBPD promoter is known. Also the expression
of IL-6 and IL-1R selected genes that belong to the downstream agents of the C/EBP&
signaling was monitored in target cells. Thus, IL-6, which elevated cytokine production
is one of the hallmarks of RA,%* is a direct target gene of C/EBPS in LPS-treated murine
primary M@.”* The C/EBP& binding motifs were also identified in the functional regula-
tory regions of IL-1R expressed by myelomonocytic lineage cells.!!® Finally, the selected

CCL2 gene serves as M1 polarization marker in THP-1 reporter M¢.?1°

The expression of IL-6, IL-1, and CCL2 pro-inflammatory genes was significantly acti-
vated and constantly upregulated in response to the M1 treatment relative to MO con-

trol (Fig.3-16A, Fig.3-17A, Fig.3-18A, IL-6, IL-1BR, CCL2, 4h, 24h, blue bars). The sustained
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upregulation of these pro-inflammatory genes indicated the expected M1-polarization
of THP-1 reporter M. Gene expression of endogenous CEBPD was significantly up to
6-fold activated (Tables 3.4, 3.5, 3.6) relative to MO control, 4 hours after M1 treatment
(Fig.3-16A, Fig.3-17A, Fig.3-18A, CEBPD, 4h, blue bars). At the later time point, the up-
regulation of endogenous CEBPD decayed displaying low 1.3-fold significant (Fig.3-16A,
Fig.3-18A, CEBPD, 24h, blue bars) or not significant (Fig.3-17A, CEBPD, 24h, blue bar)
difference to MO control (Tables 3.4, 3.5, 3.6). The M1 treatment-activated mRNA ex-
pression of CEBPD::SEAP reporter mirrored that of endogenous CEBPD and displayed up
to 5-fold activation relative to MO control (Tables 3.4, 3.5, 3.6), at the early time point
(Fig.3-16A, Fig.3-17A, Fig.3-18A, CEBPD::SEAP, 4h, blue bars). In contrast to endogenous
CEBPD, gene expression of CEBPD::SEAP reporter was significantly up to 3-fold upregu-
lated by M1 treatment (Tables 3.4, 3.5, 3.6), at the late time point (Fig.3-16A, Fig.3-17A,
Fig.3-18A, CEBPD::SEAP, 24h, blue bars). Elevated SEAP enzymatic activity in cellular su-
pernatant indicated the upregulated CEBPD::SEAP gene expression in response to M1
treatment, 24 h post-treatment (Fig.3-16B, Fig.3-17B, Fig.3-18B, blue bars). The enzy-
matic SEAP activity represented a bulk reporter signal accumulated over time upon

CEBPD target promoter activation.

GSK 1210151A

Endogenous CEBPD and CEBPD::SEAP reporter genes displayed a similar significant up-
regulation (Table 3.4) in their expression by GSK 1210151A, relative to M1 DMSO control
at the early time point (Fig.3-16A, CEBPD::SEAP, CEBPD, 4h, red bars). However, at the
later time point GSK 1210151A effected CEBPD and CEBPD::SEAP gene expression dif-
ferently. While GSK 1210151A-upregulated mRNA expression of CEBPD::SEAP further
increased and was over 15-times higher relative to M1 DMSO control, endogenous
CEBPD mRNA expression did not correlate, being 1.8-times higher (Table 3.4), 24 hours
after M1 treatment (Fig.3-16A, CEBPD::SEAP, CEBPD, 24h, red bars). Remarkably, at the
same time the expression of IL-18, IL-6, and CCL2 was significantly decreased by
GSK 1210151A relative to M1 DMSO control (Fig.3-16A, IL-6, IL-1R, CCL2, 24h, red bars).
Gene expression of IL-6 and CCL2 was also significantly reduced by GSK 1210151A at the
early time point (Fig.3-16A, IL-6, CCL2, 4h, red bars), displaying its anti-inflammatory ac-

tion. In contrary, 4 hours after M1 treatment, GSK 1210151A significantly unregulated
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Figure 3-16: Effect of BET inhibitor GSK 1210151A on mRNA expression and SEAP secretion. THP-1 re-
porter cells were PMA-differentiated, seeded in a 24-well format, pre-treated with either DMSO (solvent)
or 10 uM GSK 1210151A for 1h, and M1-polarized with 0.1 pg/mL LPS + 20 ng/mL IFN-g (M1 treatment)
for 4h or 24h. Changes in gene expression (A) and SEAP secretion (B) were analyzed in lysates and cellular
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supernatants of non-polarized (MO control), M1 polarized DMSO (M1 DMSO control) and
GSK 1210151A pre-treated (M1 GSK 1210151A) THP-1 reporter M, at indicated time points. A: Gene
expression analysis was performed via RT-qPCR (AAC: method) using RPL37A and ACTB house-keeping
genes for 4h and 24h time points, respectively (chapter 8.6.4, Fig.8-15). Fold change in gene expression is
displayed relative to MO control, set as 1. Differences between M0 and M1 DMSO controls were analyzed
via Wilcoxon signed-rank test (1.00 as hypothetical value). GSK 1210151A-mediated changes in gene ex-
pression were analyzed relative to M1 DMSO control via unpaired t test with (for normally distributed
data and different SDs) and without (for normally distributed data and equal SDs) Welch’s correction or
Mann-Whitney test (compared ranks; for not normally distributed data). The median and range of three
independent experiments with 2-3 wells per condition are presented in Box-Whisker plots. B: Changes in
SEAP secretion were analyzed relative to M1 DMSO control via Brown-Forsythe and Welch ANOVA test
with Dunnett’s correction for multiple comparisons. Data represent mean + SD of three independent ex-
periments with 2-3 wells per condition. *p < 0.05; **p < 0.005; ***p < 0.001; ****p < 0.0001.

Table 3.4: gPCR quatified mMRNA expression levels of selected genes in M1-polarized and DMSO or
GSK 1210151A pre-treated THP-1 Mep.

gene condition 4h, mean £ SD 24h, mean £ SD

M1 DMSO 53+14 29105
CEBPD::SEAP

M1 GSK 1210151A 9.6+2.0 45.1+17.8

M1 DMSO 48+1.0 1.3+0.3
CEBPD

M1 GSK 1210151A 75+1.1 24+£1.0

M1 DMSO 6,625.0 £ 1,045.0 54,346.0 £ 37,792.0
IL-6

M1 GSK 1210151A 102.3+118.1 5.3+5.7

M1 DMSO 396.0+62.4 373.00 £ 141.8
IL-1R

M1 GSK 1210151A 927.1+£124.2 46.6 £ 22.7

M1 DMSO 187.7 £105.4 828.1+269.1
CcCL2

M1 GSK 1210151A 11.5+3.3 0.2+0.1

gene expression of IL-1R relative to M1 DMSO control (Fig.3-16A, IL-18, 4h, red bar).
Increase in SEAP enzymatic activity in cellular supernatants also indicated the activatory

effect of GSK 1210151A on CEBPD::SEAP gene expression (Fig.3-16B, red bar).

Ro 11-1464

Ro 11-1464 elicited a significant increase in expression of endogenous CEBPD and
CEBPD::SEAP reporter genes relative to M1 DMSO control, 4 hours after M1 treatment
(Fig.3-17A, CEBPD::SEAP, CEBPD, 4h, red bars). Gene expression of endogenous CEBPD
differed from that of reporter CEBPD::SEAP gene in response to Ro 11-1464 treatment
at the later time point. Whereas mRNA expression of reporter CEBPD::SEAP displayed
an approximately 2-fold upregulation (Table 3.5) by Ro 11-1464, endogenous CEBPD
MRNA expression was not different to M1 DMSO control, 24 hours after M1 treatment

(Fig.3-17A, CEBPD::SEAP, CEBPD, 24h, red bars). At the same time point, IL-6, IL-18, and
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Figure 3-17: Effect of BET inhibitor Ro 11-1464 on mRNA expression and SEAP secretion. THP-1 reporter
cells were PMA-differentiated, seeded in a 24-well format, pre-treated with either DMSO (solvent) or 10
UM Ro 11-1464 for 1h, and M1-polarized with 0.1 pg/mL LPS + 20 ng/mL IFN-g (M1 treatment) for 4h or
24h. Changes in gene expression (A) and SEAP secretion (B) were analyzed in lysates and cellular super-
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natants of non-polarized (MO control), M1-polarized DMSO (M1 DMSO control) and Ro 11-1464 pre-
treated (M1 Ro 11-1464) THP-1 reporter Me, at indicated time points. A: Gene expression analysis was
performed via RT-gPCR (AAC: method) using RPL37A and ACTB house-keeping genes for 4h and 24h time
points, respectively (chapter 8.6.4, Fig.8-15). Fold change in gene expression is displayed relative to MO
control, set as 1. Differences between MO and M1 DMSO controls were analyzed via Wilcoxon signed-
rank test (1.00 as hypothetical value). Ro 11-1464-mediated changes in gene expression were analyzed
relative to M1 DMSO control via unpaired t test with (for normally distributed data and different SDs) and
without (for normally distributed data and equal SDs) Welch’s correction or Mann-Whitney test (com-
pared ranks; for not normally distributed data). The median and range of five independent experiments
with 4 wells per condition are presented in Box-Whisker plots. B: Changes in SEAP secretion were analyzed
relative to M1 DMSO control via Kruskal-Wallis test with Dunn’s correction for multiple comparisons. Data
represent mean + SD of five independent experiments with 4 wells per condition. n.s.: not significant;
*p < 0.05; ***p < 0.001; ****p < 0.0001.

Table 3.5: gPCR quatified mRNA expression levels of selected genes in M1-polarized and DMSO or
Ro 11-1464 pre-treated THP-1 Mep.

gene condition 4h, mean £ SD 24h, mean £ SD

M1 DMSO 55%1.5 3.0+1.1
CEBPD::SEAP

M1 Ro 11-1464 8.8+34 56123

M1 DMSO 6.3+2.8 1.3+0.8
CEBPD

M1 Ro 11-1464 12.4+5.5 1.8+0.9

M1 DMSO 12,432.0 £ 10092.0 49,344.0 + 30143.0
IL-6

M1 Ro 11-1464 1,364.0 + 1426.0 1,317.0+ 1571.0

M1 DMSO 344.8 +119.0 319.7 + 148.8
IL-1R

M1 Ro 11-1464 445.3 £ 138.6 108.8+31.4

M1 DMSO 237.2+82.8 1,079.0 +395.6
CcCL2

M1 Ro 11-1464 26.6 £9.0 10.9+3.9

CCL2 gene expression was significantly reduced by Ro 11-1464 (Fig.3-17A, IL-6, IL-1R,
CCL2, 24h, red bars). mRNA expression of IL-6 and CCL2 was also significantly suppressed
by Ro 11-1464 4 hours after M1 treatment (Fig.3-17A, IL-6, CCL2, 4h, red bars), display-
ing its anti-inflammatory action. At the early time point, Ro 11-1464 showed no signifi-
cant effect on IL-18 gene expression (Fig.3-17A, IL-18, 4h, red bar). Significant upregula-
tion in SEAP enzymatic activity in cellular supernatants also indicated the activatory ef-

fect of Ro 11-1464 on CEBPD::SEAP gene expression (Fig.3-17B, red bar).

Trichostatin A and vorinostat

Vorinostat and TSA displayed similar effects on expression of selected genes relative to
M1 DMSO control at the early time point (Fig.3-18A, 4h, red and orange bars). Remark-
ably, the M1 treatment-activated gene expression of endogenous CEBPD was com-

pletely abolished, while this of CEBPD::SEAP reporter was significantly 1.5-fold upregu-
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lated (Table 3.6) by TSA and vorinostat at the 4 hour time point (Fig.3-18A, CEBPD::SEAP,
CEBPD, 4h, red and orange bars). At the 24 hour time point, both compounds displayed
no significant effect on gene expression of endogenous CEBPD (Fig.3-18A, CEBPD, 24h,
red and orange bars). At the same time point, mRNA expression of reporter CEBPD::SEAP
was upregulated 50-fold (Table 3.6) by vorinostat relative to the M1 DMSO control
(Fig.3-18A, CEBPD::SEAP, 24h, red bar). However, TSA caused no significant effect on
CEBPD::SEAP gene expression, at the 24 hour time point (Fig.3-18A, CEBPD::SEAP, 24h,
orange bar). mRNA expression of CCL2 was significantly suppressed by vorinostat and
TSA at both time points tested (Fig.3-18A, CCL2, 4h, 24h, red and orange bars). The ef-
fects of vorinostat and TSA on gene expression of endogenous CEBPD, CEBPD::SEAP re-
porter, and CCL2 were further analysed during a longitudinal study (chapter 8.7,
Fig.8-16A, B, C). Gene expression of IL-6, being significantly downregulated by TSA and
vorinostat at both time points tested (Fig.3-18A, IL-6, 4h, 24h, red and orange bars),
indicated their anti-inflammatory action in target cells. TSA and vorinostat upregulated
IL-1R at 4h and displayed no effect at 24h time points (Fig.3-18A, IL-1R, 4h, 24h, red and
orange bars). Elevated SEAP enzymatic activity in cellular supernatants also indicated
the activatory effect of TSA and vorinostat on CEBPD::SEAP gene expression (Fig.3-18B,
red and orange bars; chapter 8.7, Fig.8-16D).
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Figure 3-18: Effect of HDAC inhibitors TSA and vorinostat on mRNA expression and SEAP secretion.
THP-1 reporter cells were PMA-differentiated, seeded in a 24-well format, pre-treated with either DMSO
(solvent), 10 uM vorinostat, or 0.5 uM TSA for 1h, and M1-polarized with 0.1 ug/mL LPS + 20 ng/mL
IFN-g (M1 treatment) for 4h or 24h. Changes in gene expression (A) and SEAP secretion (B) were analyzed
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in lysates and cell culture supernatants of non-polarized (MO control), M1-polarized DMSO (M1 DMSO
control), vorinostat (M1 vorinostat), and TSA pre-treated (M1 TSA) THP-1 reporter M, at indicated time
points. A: Gene expression analysis was performed via RT-qPCR (AAC: method) using RPL37A and ACTB
house-keeping genes for 4h and 24h time points, respectively (chapter 8.6.4, Fig.8-15). Fold change in
gene expression is displayed relative to MO control, set as 1. Differences between MO and M1 DMSO
controls were analyzed via Wilcoxon signed-rank test (1.00 as hypothetical value). Compound-mediated
changes in gene expression were analyzed relative to M1 DMSO control via ordinary one-way ANOVA (for
normally distributed data and equal SDs), Brown-Forsythe and Welch ANOVA test with Dunnett’s correc-
tion (for normally distributed data and different SDs), or Kruskal-Wallis test with Dunn’s correction for
multiple comparisons (for not normally distributed data). The median and range of three independent
experiments with 2 wells per condition are presented in Box-Whisker plots. B: Changes in SEAP secretion
were analyzed relative to M1 DMSO control via Brown-Forsythe and Welch ANOVA test with Dunnett’s
correction for multiple comparisons. Data represent mean + SD of three independent experiments with 2
wells per condition. n.s.: not significant; *p < 0.05; **p < 0.005; ***p < 0.001; ****p < 0.0001.

Table 3.6: gPCR quatified mRNA expression levels of selected genes in M1-polarized and DMSO, TSA,
or vorinostat pre-treated THP-1 Me.

gene condition 4h, mean * SD 24h, mean £ SD
M1 DMSO 45+0.4 3311
CEBPD::SEAP M1 TSA 6.4+13 6.0+3.4
M1 vorinostat 6.8+1.3 165.4 +32.7
M1 DMSO 6.1+1.2 1.4+0.2
CEBPD M1 TSA 0.9+0.1 1.4+0.5
M1 vorinostat 1.1+0.2 1.9+0.6
M1 DMSO 7,617.0+1,258.0 88,8654.0 + 19,906.0
IL-6 M1 TSA 58.1+16.1 1,014.0 £ 926.7
M1 vorinostat 68.7 £20.1 6,189.0 £ 2,234.0
M1 DMSO 3743+47.9 234.2+53.8
IL-18 M1 TSA 492.5+67.1 475.5 +195.0
M1 vorinostat 501.9 + 83.6 698.8 + 368.4
M1 DMSO 114.9+33.4 743.2+167.5
CcCL2 M1 TSA 6.8+1.5 220.4+87.1
M1 vorinostat 7.6+19 69.8 £17.8
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4 Discussion

4.1 Translational potential of the developed screening assay

4.1.1 Phenotypic screening assay: evaluation of the chosen cellular system

Disease relevance of cell-based assays depends on expression of characteristic proteins
to recapitulate proper biologic cell organization®. As a part of an interactive cellular net-
work, M1-polarized M are central in inflammatory RA condition due to their produc-
tion of disease-driving cytokines and chemokines (cf. chapter 1.3.3). Facing complexity
of cellular interaction in RA, M1-polarized THP-1 M are able to represent only a re-

stricted inflammatory aspect of RA pathology.

Generally, cell lines display poor correlation to patient-derived cells due to the differ-
ences in the genetic background,* lack of endogenous stimuli complexes and cellular co-
interactions.'®” The THP-1 cell line has overall diploid character displaying triploidy for
chromosomes 1, 6, 8, and 9, monoploidy for chromosome 10, as well as complete dele-
tion of chromosome X, accompanied by substantial chromosomal rearrangements.??°
THP-1 cells require PMA, a non-physiological protein kinase C (PKC) activator,?162%! to
induce their differentiation to M. PMA-induced cell differentiation displays its individ-
ual characteristics regarding differentiation degree, cellular morphology, and cell sur-
face receptor expression.??1-223 |n this study, PMA- differentiation of THP-1 cells was per-
formed according to the protocol, previously established in our lab.?'* Based on the anal-
ysis of the established polarization markers, THP-1-derived M@ show exclusive polariza-
tion profiles in comparison to these of PBMC-derived M.21* Nevertheless, M1-polarized
THP-1 M can be used as a cellular model of inflammation, with regard to expression of

polarization-linked genes and cell surface proteins.?*?

Although primary cells are suggested to improve screening assay reliability,* THP-1 cell
line displays multiple advantages in concerning cell accessibility, cell-cell contamination,
and reproducibility. Thus, monocytes that originate from buffy coats of healthy adult
probands can vary from 2 to 10 % of PBMCs,??* disadvantageously affecting routine cell
accessibility during HTS. During isolation of PBMC-derived monocytes, contamination
with other blood cells like platelets needs to be considered.??>??% |n contrary to primary

cells displaying high variation from individual donors, THP-1 show homogeneous genetic
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background that reduces phenotypic variance and therefore facilitates reproducibil-

ity.225'226

4.1.2 Phenotypic screening assay: evaluation of the chosen stimulus

Intrinsic stimuli observed in patient-derived tissue display the highest disease relevance
during phenotypic screening.* Cytokine IFN-g displays high disease relevance due to its
intrinsic function in RA joint®®3® and LPS elicits TLR4 signaling pathways discussed to con-
tribute to synovitis during RA818 (cf. chapter 1.3.3). The chosen stimuli INF-g and LPS
also induce THP-1 M polarization toward a pro-inflammatory M1 state, a prominent

cell type in RA joint (cf. chapter 1.3.3).

4.1.3 Phenotypic screening assay: evaluation of the chosen readout

Disease relevance of a readout is determined by its proximity to the functional manifes-
tation of the chosen pathology.* SEAP-based monitoring of CEBPD gene expression may
display limited translational ability due to the relative distal proximity of CEBPD to the
clinical end point. Gene expression readouts are assumed to display low translational
capacity, as mechanisms that influence expression of a selected gene represent only a
fraction of the mechanistic network that underlines the final cellular phenotype.* CEBPD
is one of multiple interlayers, the summary action of which underscore inflammatory RA

conditions.

Nonetheless, suitability of CEBPD as target gene for screening assay readout relies on its
structural and regulatory characteristics as well as on its functional implementation in

inflammatory responses and RA pathology.

Direct correlation between target gene expression and functional activity of correspond-
ing protein is the most important requirement for the chosen screening procedure. For
CEBPD gene, this direct correlation is displayed to a high extent: i) CEBPD gene is intron-
less, producing a single C/EBP& mRNA; ii) a single full-length functional C/EBPS protein
isoform is known; iii) C/EBP& mRNA and protein display short half-lives; iv) upon synthe-
sis C/EBPS protein rapidly translocates to the nucleus; v) gene expression activation rep-

resents the main mechanism for C/EBP& regulation (cf. chapter 1.3.1).
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During inflammation, environment-responsive CEBPD influences cellular morphology
and function and therefore co-defines a cell-specific phenotype. In inflammatory Me: i)
CEBPD displays low basal gene expression levels, which are rapidly but transiently acti-
vated by IFN-g and LPS; ii) C/EBP& controls transcription of LPS-responsive genes, ampli-
fication of NF-kB regulatory circuits, and differentiation between transient and persis-
tent inflammatory responses; iii) activation of C/EBP& TF may also result in an anti-in-

flammatory Mo phenotype (cf. chapter 1.3.2.1).

CEBPD gene also shows unique functional aspects demonstrating direct links to biologi-
cal disease manifestation of RA. Elevated CEBPD gene expression in RA M: i) contrib-
utes to secretion of pro-inflammatory cytokines and chemokines!3?; ii) contributes to
the attraction and infiltration of inflammatory cells, proliferation and migration of fibro-
blasts, and angiogenesis'3?; iii) directly targets IL-6 gene, one of the hallmarks of RA.”*
Pharmacological modulation of CEBPD beneficially affects RA pathology'3? (cf. chapter
1.3.3).

4.1.4 Evaluation of the screening tool: multi-gene-reporter cassette 1.0

Gene reporter-based assays belong to a specific category of phenotypic screening? re-
quiring a use of reliable and robust gene reporters. To identify CEBPD-modulating com-
pounds, | generated the multi-gene-reporter cassette 1.0 encoding SEAP and GLuc se-

creted enzymatic as well as eGFP fluorescent reporter proteins (Fig.3-6A).

SEAP chemiluminescent assay displayed high assay sensitivity (Z'-factor of 0.7 for the
1,000-fold diluted sample), high assay linearity (R?= 0.9945 for over four 10-fold dilu-
tions), high assay repeat- (intra-assay CV < 10 %) and reproducibility (inter-assay CV <
5 %), detected for strong enzymatic signals (chapter 3.2.1.1, Fig.3-4). Chemiluminescent
SEAP assay also displayed high assay sensitivity (Z'-factor of 0.86 for 1.25 pL) for weak
enzymatic signals and low sample volume (chapter 8.4.2, Fig.8-8). In this study, SEAP
served as a gene reporter to monitor CEBPD gene expression, which displays a rather
weak promoter activity (chapter 8.3, Fig.8-6) resulting in relatively low SEAP reporter
signals. The multi-gene-reporter cassette 1.0 was expressed under control of a defined

CEBPD promoter that contains only the most proximal known regulatory sequences
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(chapter 1.3.1.3 Fig.1-3A, B). Nonetheless, reporter CEBPD::SEAP and endogenous
CEBPD mRNA expression mirrored each other in response to M1 treatment (chapter

3.2.3.1, Fig.3-10).

Chemiluminescent Gluc assay displayed moderate assay sensitivity (Z'-factor of 0.8 for
the 100-fold diluted sample), moderate assay linearity (R? = 0.9986 for over three
10-fold dilutions), moderate assay repeatability (intra-assay CV < 15 %) and reproduci-
bility (inter-assay CV < 15 %), detected for strong enzymatic signals (chapter 3.2.1.1,
Fig.3-5). GLuc utilizes its specific substrate enabling simultaneous detection of SEAP and
GLuc in the same cellular supernatant. In this study, GLuc may have served as gene re-
porter for normalization. During screening development, however, CMV::GLuc mRNA
expression was detrimentally affected by treatment with control compounds (data not
shown). The unknown adjacent regulatory sequences may influence GLuc gene expres-
sion, as the viral integration of multi-gene-reporter cassette 1.0 in the genome of
THP-1 cells occurs in an uncontrolled fashion. Instead of GLuc, | used CellTiter-Glo® assay

to normalize SEAP signals to the cell numbers.

In THP-1 reporter M, SEAP reliably correlated screening compound-mediated changes
in CEBPD promoter activity to the corresponding enzymatic signals in cellular superna-
tants. Indicating repeatability of the generated screening assay, SEAP signals of selected
18 compounds correlated significantly from measurements in 384- (HTS) 96- (hit confor-
mation), or 24-well (hit characterization) formats (chapter 8.6.3, Fig.8-14). Performance
of hit characterization experiments by another operator (for hit compounds GSK
1210151A, Ro 11-1464, vorinostat and TSA) further confirmed data reproducibility
(Fig.3-16 — Fig.3-18).

During HTS of LOPAC®*?20and ENZO®’74 libraries, identification of inhibitory-acting com-
pounds was restricted due to the high signal variability of the solvent control condition
(chapter 3.3.1, Fig.3-12, Fig.3-13). Identification of true hit compounds that modulate
endogenous CEBPD was further limited by the restricted nature of the used CEBPD pro-
moter, which cannot integrate or respond to all regulatory signals. Hit compounds tri-
chostatin A and vorinostat displayed opposite effects on expression of the reporter
CEBPD::SEAP and the endogenous CEBPD genes (chapter 3.4, Fig.3-18). However, know-

ing differences in promoter structure enables identification of regulatory sequences
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that potentially explain the observed effects of CEBPD transcription in target cells.

The generated screening assay was selective to BET and HDAC inhibitors — the pharma-
cological classes of hit compounds. There are no other BET inhibitors besides
GSK 1210151A and Ro 11-1464 among epigenetically active compounds of LOPAC®1280
library. Among epigenetically active compounds in ENZO®’74 library, sodium valproate
also acts as class | and lla HDAC inhibitor.??’” However, sodium valproate showed no
prominent effect on SEAP secretion during HTS, in contrast to TSA and vorinostat, pre-
sumably due to its selective and context-specific action on expression of inflammatory

genes.??8

In summary, the generated multi-gene-reporter cassette 1.0 is a flexible, reliable, and
sensitive screening instrument. The developed screening assay was sensitive and spe-
cific identifying CEBPD-activatory compounds. A reliable detection of CEBPD-inhibitory
compounds was impaired, due to high variability of solvent control condition. Identifi-
cation of true hit compounds required additional experimental conformation, as the
multi gene-reporter cassette 1.0 was expressed under control of the simplified CEBPD
promoter. The developed screening assay displays a potential for drug discovery and

drug repurposing, as shown by screening of the LOPAC® and ENZO® compound libraries.

4.2 Characterization of CEBPD-modulating hit compounds

4.2.1 Hit compounds and a general principle of their action

Characterisation of hit compound-mediated pharmacological activity requires a short
display of the basic principle of epigenetic gene transcription control by lysine acetyla-
tion. Acetylation and deacetylation of lysine residues on histones and non-histone reg-
ulatory proteins are important epigenetic mechanisms of gene transcription regulation
in eukaryotic cells.?2231 Mutual action of proteins, which can add (“writers”), recognize
(“readers”), and remove (“erasers”) protein acetylation marks underscore epigenetic

gene expression control.??°

Histone acetyltransferases - HATs - act as writer proteins adding acetyl groups to the
lysine residues on histones and non-histone regulatory proteins,??%22°231 including

C/EBP&.232 In nucleosome, lysine acetylation in amino-terminal tails of core histones
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alters their net protein charge resulting in their weaker interaction with DNA and thus
formation of euchromatin — a precondition for activation of gene expression??8233
(Fig.4-1A). Acetylation of non-histone regulatory proteins like transcription factors leads

to their transcriptional activation and enhanced DNA binding (Fig.4-1A).

Acetylated lysine residues serve as recognition signals for bromodomain-containing pro-
teins (BCPs) functioning as epigenetic reader proteins.??° Bromodomain (BRD) is an evo-
lutionarily conserved protein interaction module that forms a hydrophobic lysine acet-
ylation binding site.?3* Multiple (at least two) amino-terminal BRDs occur in tandem or-
ganisation in bromodomain and extra-terminal domain (BET) proteins including BRD2,
BRD3, BRD4, and BRDT.23423> Being able to recognise and bind e-N-acetylation of lysine
residues in histones and non-histone proteins?3423¢ (Fig.4-1A), BCPs can regulate gene
transcription as follows: i) by acting as scaffolds for recruitment and binding of large
transcriptional protein complexes?®® or self-regulated transcription factors?33; ii) by act-
ing as methyltransferases, ATP-depending chromatin remodelling complexes, HATs or
helicases?3’; iii) by binding and targeting of acetylated transcription factors to particular

DNA binding sites.238239

In contrary to HATSs, histone deacetylases (HDACs) remove acetyl groups from protein
lysine residues functioning as epigenetic eraser proteins.??22° Human 18 HDAC enzymes
are classified into classes I-IV according to the homology in their catalytic cores?30-242;
i) zinc-dependent HDACs of class la (HDAC1, HDAC2), class Ib (HDAC3), and class
Ic(HDAC8)?*3; i) zinc-dependent HDACs of class Ila (HDAC4, HDACS5, HDAC7, and HDAC9)
and class llb (HDAC6, HDAC10)?*%242; jii) NAD-dependent?* class Ill HDACs?*? - sirtuins;
iv) class IV HDAC (HDAC11).2% Despite the nomenclature, HDACs can deacetylate also
non-histone proteins??° (Fig.4-1A). Over 50 non-histone regulatory proteins belong to
the HDAC targets including transcription factors (e.g. NF-kB%*> and STAT324¢), transcrip-
tion regulators, signal transduction mediators, DNA repair enzymes, nuclear import reg-
ulators, and inflammation mediator proteins.2#2246-248 Also CEBPD promoter contains ex-
perimentally confirmed binding sites of HDAC1, 2, and 6.4* HDACs can repress gene tran-

scription by: i) histone deacetylation resulting in formation of heterochromatin unat-

4* CEBPD gene, ENCODE transcription factor targets. Harmonizome internet site. http://amp.pharm.mssm.edu/Har-
monizome/gene/CEBPD. Accessed April 26, 2020.
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Figure 4-1: Epigenetic regulation of gene expression by protein acetylation as well as by action of HDAC
and BET inhibitors. A: The non-modified heterochromatin displays a closed chromatin structure that can-
not be assessed by transcription protein machinery (1). Further, the non-modified regulatory proteins do
not display the necessary transcriptional activity (1). Acting as “writer” proteins, HATs acetylate N-termi-
nal lysine residues of histones resulting in euchromatin formation that shows an open chromatin structure
assessable for transcriptional machinery (2). The acetylation of regulatory proteins enables their tran-
scriptional activation and DNA binding (2). Acting as “reader” proteins, BRD-containing BCPs recognize
and target acetylated histones and non-histone proteins leading to the assembly of transcription protein
machinery and trans-activation of regulatory proteins (3). Acting as “eraser” proteins, HDACs deacetylate
histones and trans-activated regulatory proteins promoting silencing of gene transcription (1). B: Environ-
ment-responsive HDAC inhibitors target acetylated histones and non-histone proteins generating protein
hyperacetylation state that can result in activated or inhibited gene transcription. C: BET inhibitors com-
petitively inhibit BCP binding to acetyl residues on histones and trans-activated regulatory proteins caus-
ing up- or downregulation of gene expression.

228.

tainable for transcription machinery22%; ii) inhibition of trans-activated transcription fac-

tors 245,246

A balanced action of HATs and HDAGCs is disturbed by HDAC inhibitors (HDACIi), which
bind to a zinc ion in the catalytic enzyme domain and block HDAC enzymatic activity?*°
leading to a hyper-acetylation of histones and a sustained acetylation of non-histone
regulatory proteins?4®2°0 (Fig.4-1B). HDACi are small molecules that cluster according to

their chemical structure into five classes: i) hydroxamic acids (e.g. trichostatin A, vori-
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nostat); ii) short chain aliphatic acids; iii) benzamides; iv) cyclic tetrapeptides; v) sirtuin
inhibitors.?>* According to their action, HDACi affect gene transcription by: i) disturbance
of acetylation-related protein function, protein stability, or protein-protein inter-
acttions?#®; ii) mediation of incorrectly positioning that misdirects reader proteins?°22°3;
iii) induction of genes that inhibit expression of others (negative feedback).?°>2°3 The
genome-wide studies revealed that HDACi induce a number of genes approximately

equal to those they repress.?28229

BET inhibitors (BETi) also selectively alter gene transcription that can result in up- or
downregulation of gene expression.??® BETi are small molecules that cluster into two
major classes according to their action — these that do or do not mimic acetylated ly-
sines.?* To the acetylated lysine mimetics belong thienotriazoldiazepines (e.g. (+)-JQ1
52, Ro 11-1464), isoxazoles (e.g. GSK 1210151A), benzodiazepines, and benzotriaze-
pines.?>* BETi bind acetylated histones competitively (Fig.4-1C) displacing transcription
protein complexes from chromatin and therefore preventing transcription of BCP’s tar-
get genes.?33 BETi also competitive inhibit bromodomain binding of acetylated regula-
tory proteins (Fig.4-1C) like transcription factors (e.g. NF-kB subunit p65) causing altered

gene expression of corresponding target genes.

The four CEBPD-modulating hit compounds, discovered in this study, belong to BETi and
HDACi classes.

GSK 1210151A (Fig.4-2A) is a patented®* compound of Glaxo Smith Kline Inc. (UK), dis-
covered in 2012. GSK 1210151A (alternative names GSK-151, I-BET151, iBET-151) acts
as a potent apoA1 activator?>®> and selective BRD2, BRD3, and BRD4 BET inhibitor dis-
playing very strong binding mode (K of 50-100 nM).2>6:2>7 |n GSK 1210151A molecule,
isoxazole heteroatoms are responsible for binding acetylated lysine recognition pocket
on BRDs.2>6:258:259 GSK 1210151A acts anti-inflammatory by regulation of pro-inflamma-
tory cytokine and chemokine production in LPS-activated M?%° and by transcription
control of inflammation-linked genes in various cell types.?6! The anti-inflammatory ac-

tion of GSK 1210151A also represents a potential therapeutic strategy of inflammatory

>* Integrity, A Cortellis solution. Clarivate analytics website. Search term: GSK 1210151A
https://integrity.clarivate.com. Accessed February 20, 2020.
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Figure 4-2: Key characteristics of the confirmed hit compounds. Chemical structure, alternative (altern.)
names, chemical classes, pharmacological (pharm.) action, half maximal inhibitory concentration (ICs)
or dissociation constant, therapeutic group, and sponsor of GSK 1210151A (A), Ro 11-1464 (B), vorinostat
(C), and trichostatin A (D).

diseases including RA.233

Ro 11-1464 (Fig. 4-2B) is a patent-protected®* compound of F. Hoffmann-La Roche AG
(Switzerland) that is first reported to stimulate production of high-density lipid protein
apoA-l in cultured liver cells Hep G2.252 Sharing structural similarities with (+)-JQ1, a po-
tent BET inhibitor,” Ro 11-1464 also binds BETs, displays, however, weak inhibition po-
tential.?®3 Analysis of the thermal shift measurements of human BET-BRDs in the pres-
ence of 10 UM Ro 11-1464 revealed only weakly binding of BRD4 as well as absent bind-
ing of BRD2 and BRD3 in comparison to this of (+)-JQ1.263 Up to date, known therapeutic
potential of Ro 11-1464 is mostly based on its action as a potent apoA-I inducer in liver

cells as a potential anti-atherosclerotic agent.?%

Discovered as an improved hybrid polar compound in 1996,%%> vorinostat (Fig.4-2C) or
suberoylanilide hydroxamic acid (SAHA) is a synthetic compound that is approved by
FDA for the treatment of cutaneous T-cell lymphoma (CTCL) in USA in 2006.2%¢ Vori-
nostat is a potent HDAC inhibitor (IC5,<86 nM’*) for class | (HDAC1-3, and 8) and class

6% Integrity, A Cortellis solution. Clarivate analytics website. Search term: Ro 11-1464
https://integrity.clarivate.com. Accessed February 20, 2020.
7*Zolinza highlights of prescription information. Merck website.
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Il (HDAC4-7, and 10) HDACs that also displays anti-inflammatory properties detected in
human primary M@?%72%8 and in rodent models of inflammation.?¢”:268 The anti-inflam-
matory action of vorinostat is considered as a potential treatment strategy of inflamma-

tory diseases like RA.2%°

Discovered during screening for antifungal antibiotics in 1973,%7° trichostatin A (TSA)
(Fig.4-2D) is a natural compound from Streptomyces spp., which displays both antifungal
antibiotic and HDAC inhibitory activity in mammalian cells.?*® TSA functions as a potent
class | (HDAC1-3, and 8) and class Il (HDAC4-7, and 10) HDAC inhibitor?’* with ICs, rang-
ing between 1.9 and 2.9 nM for purified HDACs.?’2 TSA causes altered expression of var-
ious genes in the context of inflammation?® and cancer.?>! Despite its potential anti-
cancer action (phase I and Il clinical trial for leukemia, lymphoma, and myeloma),?3° TSA

reduces inflammation and represents a potential treatment strategy for RA.273

4.2.2 Hit compounds affect gene expression in THP-1 Mg

Gene expression of reporter CEBEPD::SEAP, endogenous CEBPD, IL-6, IL-1R, and CCL2
genes was significantly induced by M1 treatment, at the 4 hour time point (Fig.3-16A,
Fig.3-17A, Fig.3-18A, 4h, blue bars). However, M1 treatment displayed different effects
on gene expression of endogenous CEBPD and reporter CEBPD::SEAP genes at the later
time point. Gene expression of the endogenous CEBPD decayed over time and failed to
be statistically significant relative to MO control, at the 24 hour time point (Fig.3-16A,
Fig.3-17A, Fig.3-18A, CEBPD, 24h, blue bars). In contrary, gene expression of the reporter
CEBPD::SEAP induced by M1 treatment to a similar extent to the endogenous CEBPD,
reduced less and still displayed a significant upregulation at the later time point

(Fig.3-16A, Fig.3-17A, Fig.3-18A, CEBPD::SEAP, 24h, blue bars).

All four hit compounds significantly upregulated gene expression of reporter
CEBPD::SEAP to a similar extent, at the 4 hour time point (Fig.3-16A, Fig.3-17A,
Fig.3-18A, CEBPD::SEAP, 4h, red and orange bars; Table 3.4, 3.5, 3.6). At the 24 hour

time point, reporter CEBPD::SEAP gene expression was either almost unchanged by TSA

https://www.accessdata.fda.gov/drugsatfda_docs/lael/2011/021991s 002Ibl.pdf. Accessed February 20,
2020.
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and Ro 11-1464 or elevated by GSK 1210151A and vorinostat (Fig.3-16A, Fig.3-17A,
Fig.3-18A, CEBPD::SEAP, 24h, red and orange bars; Table 3.4, 3.5, 3.6). However, gene
expression of the endogenous CEBPD was upregulated only by BETi, to a similar extend
like the reporter CEBPD::SEAP at the early time point (Fig.3-16A, Fig.3-17A, CEBPD, 4h,
red bars; Table 3.4, 3.5). Surprisingly, HDACi completely abolished the M1 treatment-
activated gene expression of endogenous CEBPD at both time points tested (Fig.3-18A,
CEBPD, 4h, 24h, red and orange bars; Table 3.6).

The opposed effect of BETi and HDACi on gene expression of endogenous CEBPD was
unexpected, as both inhibitor classes are known for their anti-inflammatory action. Re-
markably, both BETi and HDACi are epigenetically active compounds that directly regu-
late gene transcription (cf. chapter 4.2.1, Fig.4-1B, C). Presumably, HDACi coincidently
display an activatory cis- and a larger inhibitory trans-effect. Whereas activatory cis-ef-
fect (e.g. forcing of the proximal CEBPD promoter accessibility to a transcriptional ma-
chinery) may result in upregulated expression of both endogenous CEBPD and reporter
CEBPD::SEAP genes, inhibitory trans-effect, however, may affect only the distal endog-
enous CEBPD promoter and may dominate over the cis-activation. In contrary, BETi may
act exclusively through the control of the cis-activatory mechanisms. As the defined
CEBPD promoter contains only the most proximal CREB, SP1, STAT3, and presumably
NF-kB TF binding sites (Fig.1-3A, B), BETi can activate the corresponding signalling path-
ways leading to the elevated endogenous CEBPD and reporter CEBPD::SEAP gene ex-
pression (Fig.4-3, Fig.4-4). The defined CEBPD promoter may express a disrupted
(Fig.1-3, Fig.8-2) and therefore non-functional ATF3 binding site that is important for the
inhibition of endogenous CEBPD gene transcription in M¢’! (Fig.4-3, Fig.4-4).

The NF-kB-ATF3 regulatory circuit, accompanied by the CEBPD auto-regulation, belongs
to one of the prominent regulatory mechanisms of CEBPD gene transcription in LPS-
treated M@’ (cf. chapter 1.3.2.1). Induced by LPS-activated NF-kB and self-promoter
binding, CEBPD gene expression is inhibited by ATF3 that directly binds CEBPD promoter
3-4 hours after LPS-treatment.”? As the expression of reporter CEBPD::SEAP displayed a
significant increase even one day after M1 treatment, it may not be inhibited by ATF3.
The defined CEBPD promoter may display no functional ATF3 binding site, while the en-

dogenous CEBPD promoter contains a functional ATF3 binding site that locates more
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distal (> 300 bp) relative to TSS in human THP-1 M. Alternatively, inhibition of CEBPD

promoter activity may happen in ATF3-independent way.

The opposing effects of BETi and HDACi on gene expression of the endogenous CEBPD
raise a question about their effects on gene expression in the downstream signal cas-
cade. Hit compound-mediated expression of pro-inflammatory marker-genes IL-6, IL-1R,
which belong to the direct targets of C/EBPS in M,”* and CCL2 was analysed. BETi and
HDACIi both significantly suppressed the M1 treatment-activated gene expression of
IL-6 and CCL2 to a similar extend, at both time points tested (Fig.3-16A, Fig.3-17A,
Fig.3-18A, IL-6, CCL2, 4h, 24h, red, orange bars; Table 3.4, 3.5, 3.6). Surprisingly, BETi
and HDACi displayed differing effects on IL-18 gene expression. At the early time point,
Ro 11-1464 showed no significant effect, while GSK 1210151A significantly and clearly
upregulated IL-1B gene expression that was inhibited by both BETi at the late time point
(Fig.3-16A, Fig.3-17A, IL-18, 4h, 24h, red bars; Table 3.4, 3.5). HDACi showed only a mi-
nor significant upregulation of IL-1R gene expression at the 4 hour time point, which

elapsed at the 24 hour time point (Fig.3-18A, IL-18, 4h, 24h, red, orange bars; Table 3.6).

BETi-upregulated CEBPD may contribute to the elevated expression of IL-18. C/EBP& TF
can build via its bZIP domain homotypic heterodimers with members of the CREB/ATF
family?’# recognizing the composed half C/EBPS and half CREB/ATF DNA binding sites.”*
Two distinct C/EBP-CRE/ATF heterodimers bind an asymmetrical C/EBP-CRE site in the
human IL-1B gene enhancer in response to LPS treatment.?”> C/EBPS TF can also dimer-
ize with AP-1 proteins including c-foc and c-jun and bind composite binding sites, which

are preserved in over 40 human and mouse promoters3® including IL-1R.27°

C/EBPS TF can also interact (via largely unknown domains) with NF-kB family members,
even though no proper C/EBPS-NF-kB heterodimer and corresponding composite DNA
binding site are known.3® The heterodimeric C/EBP-NF-kB complexes can bind both,
C/EBP?7 and NF-kB DNA binding sites.?’” Thus, C/EBPS TF may trans-activate genes that
lack direct C/EBP binding sites and therefore display a larger set of target genes than
assumed.3® Functional, and often synergistic, C/EBP-NF-kB interactions regulate tran-
scription of various genes?’® that display overlapped or neighbour C/EBP and NF-kB
binding sites.?”>28% So, C/EBPs and NF-kB synergistically regulate expression of IL-6 and

IL-8 genes in M@.?8! Such synergistic transcription factor activity is presumably high-
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lighted by the compliant binding or synergistic recruiting of basal transcription machin-

ery proteins and co-activators.?8?

GSK 1210151A

BET inhibitor GSK 1210151 suppressed the M1 treatment-induced gene expression of
IL-6, IL-8 and CCL2 in THP-1 reporter M. To my best knowledge, this study is the first
evidence for GSK 1210151A affecting gene expression of CEBPD and CCL2. The anti-in-
flammatory effect of GSK 1210151A is consistent with the literature, as the compound
inhibits cytokine secretion in RASF?%! and inflammatory gene expression in RAW264.7283

and PBMCs?>>2%4 (Table 4.1).

GSK 1210151A may control transcription of IL-6 by regulation of BRD4-dependent bind-
ing of CREB-binding protein (CBP) transcriptional co-regulator to the IL-6 promoter

NF-kB pathway (Fig. 4—3) The LPS-responsive transcription factor NF-kB, which is known
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Figure 4-3: The proposed pharmacologlcal activity of BET inhibitor GSK 1210151A in M1-polarized THP-
1 reporter M. GSK 1210151A (red lines) repressed M1 treatment-activated gene expression of IL-6 and
CCL2 and upregulated CEBPD::SEAP expression at both time points tested. However, GSK 1210151A
showed its activatory effect on the endogenous CEBPD gene expression and suppressive for IL-168, at in-
dicated time points. GSK 1210151A may control cis-activatory mechanisms resulting in upregulation of
reporter CEBPD::SEAP and endogenous CEBPD gene expression. As the defined CEBPD promoter may lack
functional ATF3 regulatory site, the activated expression of CEBPD::SEAP cannot be inhibited like that of
endogenous CEBPD at the later time point. GSK 1210151A may downregulate gene expression of IL-6 by
preventing of CBP transcriptional co-regulator binding to the IL-6 promoter. Further, GSK 1210151A may
suppress recruitment of pTEFb leading to the inhibited gene expression of IL-18 and CCL2, which may be
also supressed epigenetically by GSK 1210151A-mediated inhibition of BRD4. For details please refer to
the main text.
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Table 4.1: Literature reported effects of hit compounds on gene expression and cytokine secretion.

organism/ .
concen- . stimu-
compound tration tissue/ cell lus gene readout effect ref.
type
basal TNF-a :
RASF protein inhibition 261
IL1-R IL-6 secretion
GSK 1210151A RAW264.7 LPS IL-6 mRNA inhibition 283
L 255,
PBMC LPS IL-6 mRNA inhibition 284
RAW?264.7 IL-1R mRNA inhibition 283
30 uM GM-CSE- IL-6 reduction
i - protein _—
stimulated LPS 268
secretion upregula-
HMDM IL-1R tion
0.1-50 BALB/c IL1-B rotein
me/kg tps —— P . reduction 267
(orally) mouse IL-6 secretion
low dose ;
(<3 uM) M-CSE- IL-6 tein reduction
————  stimulated LPS prote 268
high dose HMDM IL1-R secretion upregula-
vorinostat (>3 um) tion
low dose f?anrfwl;na_—
(1 me/ke) tory
ClA-rat B B B —— 268
high dose fgr;?;_
(5 mg/kg)
tory
low dose rotein
(0.1-0.2 THP-1 LPS IL-6 P R reduction 299
M) secretion
PBMC LPS IL-1R mRNA no effect 267
ii/’ﬁ(’ GZhS) mRNA no effect
IL-18
25 nM (h) mRNA reduction
—_— mBMDM LPS 305
mRNA reduction
126;25 IL-6 protein
trichostatin A ; reduction
secretion
LPS
mBMDM —  CCL2 mRNA reduction 306
basal
RAW264.7 LPS cebpd MRNA abolish- 309
ment
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to be sensitive to acetylation and to be targeted by BRD4,%33 activates pro-inflammatory
acetylated p65 (NF-kB subunit) in RAW264.7 murine M, although it blocks associative
gene transcription including IL-6.”* However, GSK 1210151A has no effect onacetylation,
phosphorylation, nuclear translocation or DNA binding of transcriptionally active of
BRD4 with NF-kB-p65.%8% Instead, GSK 1210121A possibly prevents the binding of CBP to
the IL-6 promoter resulting in reduced IL-6 expression, as seen in LPS-treated

RAW264.7.283

The observed suppression of IL-18 and CCL2 gene expression may result from
GSK 1210151A-inhibited activity of corresponding TLR4 or IFN-g signalling pathways
(Fig.4-3). As introduced previously, LPS and IFN-g induce a battery of genes including
NF-kB, ATF3, CREB, SP1, and STAT3 through the activation of TLR4 and JAK-STAT signal-
ling pathways, which are characteristic of polarization and inflammatory responses of
M (cf. chapter 1.3.2.1). According to their predominant mechanism of action, BETi su-
press recruitment of positive transcription elongation factor b (pTEFb) resulting in re-
duced transcription elongation and therefore inhibited gene expression.?®> In human
monocytes, GSK 1210151A repress transcription of STAT target genes in response to cy-
tokine (e.g. IFN-g) treatment, as well as TLR4-induced IFN responses, mainly at the tran-
scription initiation level.?8> Such intervention of GSK 1210151A in TLR4 and INF-g signal-
ling may also occur in THP-1 M, however, not affecting the activity of CEBPD promoter,
as gene expression of the endogenous CEBPD and the reporter CEBPD::SEAP was upreg-
ulated by GSK 1210151 A. Alternatively, GSK 1210151A may epigenetically repress ex-
pression of CCL2 by inhibition of BRD4, as shown for other BET inhibitors IBET and JQ1

in activated Mp.260.286

Ro 11-1464

BET inhibitor Ro 11-1464 suppressed the M1 treatment-activated gene expression of
IL-6, IL-113, and CCL2 in THP-1 reporter M@. To my best knowledge, this study is the first
report of Ro 11-1464-mediated gene expression regulation in general and its correspon-
sive anti-inflammatory action in THP-1 M. The pharmacological action Ro 11-1464 as
both BET inhibitor and apoA-I inducer may underline its observed effects on gene ex-

pression in target cells.
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Ro 11-1464 may suppress gene expression of IL-1R, IL-6, and CCL2 through the BRD4
inhibition?®3 (Fig.4-4). BRD4, which is the most-studied member of the BET protein fam-
ily,233 regulates gene transcription by following mechanisms: i) by direct assembly of
HAT-dependent chromatin complexes resulting in recruitment of pTEFb?%728 and by
RNA polymerase Il phosphorylation?® activating gene transcription; ii) by binding of p65
NF-kB subunit acetylated Lys310 residue regulating transcriptional activity of NF-kB233;

iii) by self-recruitment to enhancers?® and assessment of transcriptional elongation.?°!
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Figure 4-4: The proposed pharmacological activity of BET inhibitor Ro 11-1464 in M1-polarized THP-1
reporter M. Ro 11-1464 (red lines) repressed M1 treatment-activated gene expression of IL-6 and CCL2
and upregulated that of CEBPD::SEAP at both time points tested. However, Ro 11-1464 showed its activa-
tory effect on gene expression of the endogenous CEBPD and suppressive for IL-1R, at indicated time
points. Ro 11-1464 may control cis-activatory mechanisms resulting in upregulation of reporter
CEBPD::SEAP and endogenous CEBPD gene expression. As the defined CEBPD promoter may lack func-
tional ATF3 regulatory site, the activated expression of CEBPD::SEAP cannot be inhibited like that of en-
dogenous CEBPD at the later time point. Ro 11-1464 may downregulate gene expression by its anti-in-
flammatory action as a relatively weak BRD4 inhibitor or a potent apoA-I activator. The Ro 11-1464-acti-
vated apoA-|, potentially via JNK or MEK1/2 signalling pathways, may selectively damp TLR4 signalling or
reduce nuclear NF-kB-p65 subunit resulting in repressed expression of IL-6, IL-18 and CCL2. For details
please refer to the main text.

L CEBPD::SEAP reporter
™\

The interaction disruption between BRD4 and Ac-p65 by BET inhibitor (+)-JQ1 results in
degradation of constitutively active nuclear p65 and thus NF-kB target gene expression
alteration.?®? Individual silencing of BRD4 resulted in reduced secretion of pro-inflam-
matory IL-1R, IL-6, and TNF-a cytokines in LPS-stimulated human M¢.2692°3 Ro 11-1464,

however, binds BRD4 weakly and therefore shows low BET inhibitory potential.?%3
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Alternatively, Ro 11-1464 may suppress gene expression of IL-18, IL-6, and CCL2 by up-
regulation of apoA-I, a well-known anti-inflammatory agent,?** and the apoA-l-mediated
blunting of TLR4 and INF-g signalling pathways in target cells (Fig.4-4). ApoA-I is a major
protein subunit of high-density lipoprotein (HDL) that regulates cholesterol transfer, in-
flammatory and immune responses®®* and is also expressed in human PBMC- and
THP-1 monocytes and M.?%>2°7 Induction of apoA-l involves JNK and MEK1/2 signalling
pathways, while inhibition of NF-kB, JNK, or p38 obstructs the elevation of apoA-1.2%’
Endogenous apoA-l decreases expression of LPS-induced pro-inflammatory genes in-
cluding TNF-a and IL-1R by a selective dampening of TLR4 signalling in M.?°> Addition-
ally, in pre-treated human primary monocytes, apoA-| decreases CCL2 mRNA, CCL2 pro-
tein synthesis and secretion levels in dose-dependent manner by reduction of nuclear

NF-kB-p65 subunit.?%®

Vorinostat

HDAC inhibitor vorinostat had the following effects on the M1 treatment-induced gene
expression in THP-1 reporter M@: complete abolishment of the endogenous CEBPD, sup-
pression of IL-6 and CCL2, upregulated of the reporter CEBPD::SEAP and IL-1R. To my
very best knowledge, this study is the first report of vorinostat-mediated effect on

CEBPD and CCL2 gene transcription in THP-1 M.

The simultaneous anti- and pro-inflammatory action of vorinostat is also observed in
human monocyte-derived macrophages (HMDMs)?%8 (Table 4.1). A broad dose range of
orally administrated vorinostat displays an anti-inflammatory effect in BALB/c mice?®’
(Table 4.1). Studies in HMDMs?6® and CIA-rat?% revealed pro- and anti-inflammatory ac-
tion of vorinostat depending on its dosage (Table 4.1). In LPS-treated THP-1 cells, low
dose vorinostat (0.1 - 0.2 nM) supresses nuclear accumulation of NF-kB accompanied by
the reduced secretion of pro-inflammatory cytokines including IL-62°° (Table 4.1). In this
study, vorinostat displayed its simultaneous pro- and anti-inflammatory action only at
the early time point, as the IL-1B gene transcription was not affected 24 hours after M1
treatment. Also in human PBMCs, vorinostat has no effect on LPS-induced IL-18R mRNA

synthesis, 6 and 24 hours after LPS treatment?®’ (Table 4.1).

Considering that HDACs target various transcription-related proteins,'?® vorinostat may
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control acetylation-sensitive TFs like STAT3 and NF-kB regulating gene transcription
(Fig.4-5). Reversible acetylation of INF-g-responsive STAT3 modulates its transcriptional
activity.?#63% STAT3 acetylation by CBP/p300 enhances its DNA binding and transactiva-
tion, while STAT3 deacetylation by HDAC1-3 inhibits transcription of its target genes.3%
Vorinostat may induce transcription of IL-18 and reporter CEBPD::SEAP through the me-

diation of sustained acetylation of STAT3 and therefore its enhanced activity on target

promoters.
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Figure 4-5: The proposed pharmacological activity of HDAC inhibitor vorinostat in M1-polarized THP-1
reporter M¢. Vorinostat (red lines) repressed M1 treatment-activated gene expression of IL-6 and CCL2
and upregulated CEBPD::SEAP at both time points tested. However, it completely abolished the M1 treat-
ment-activated gene expression of the endogenous CEBPD and upregulated this of IL-1R at indicated time
points. Vorinostat may control cis-activatory and trans-inhibitory mechanisms simultaneously, the sum-
mary action of which results in inhibition of the endogenous CEBPD, but upregulation of the reporter
CEBPD::SEAP gene expression, as the defined CEBPD promoter may lack the corresponding regulatory
sites. Vorinostat may regulate gene transcription by transcriptional activity control of acetylation-sensi-
tive STAT3 and NF-kB. Thus, vorinostat may cause sustained STAT3 acetylation and control HDAC3-medi-
ated NF-kB nuclear localization resulting in upregulation of its target genes like IL-18 and the reporter
CEBPD::SEAP. Vorinostat may also cause a sustained acetylation of NF-kB Lys122 and Lys123 resulting in
downregulation of the endogenous CEBPD, IL-6, and CCL2 gene expression. Vorinostat may also supress
CCL2 gene expression by HDAC3 and HDAC11 inhibition, preventing their interaction with SP1, c-Jun and
PU.1. For details please refer to the main text.

Acetylation state also regulates the transcriptional activity of NF-kB.301302 |nterestingly,
sustained NF-kB acetylation, which may be caused by vorinostat, can result in enhanced
or reduced NF-kB transcription factor activity. The Lys122 and Lys123 acetylation re-

duced DNA binding affinity of p65 NF-kB subunit promoting p65-1kB interaction resulting
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in nuclear export of NF-kB.3%! Consequently, sustained NF-kB Lys122 and Lys123 acety-
lation in response to vorinostat treatment may reduce transcription of NF-kB target
genes like CEBPD and IL-6, while HDAC3 deacetylation of NF-kB subunit RelA causes
IkBa-dependent nuclear export of NF-kB and therefore supresses target genes” expres-
sion.3%2 Thus, vorinostat-mediated HDAC3 inhibition may restore NF-kB nuclear localiza-
tion and contribute to the enhanced expression of IL-18 and reporter CEBPD::SEAP

genes.

Vorinostat may downregulate CCL2 gene expression through the inhibition of HDAC3
and HDAC11 preventing their interaction with relevant TFs in target cells (Fig.4-5).
HDAC3 and HDAC11 are observed to induce CCL2 gene expression in association with
different TFs. Interactions of HDAC3 with SP1 and c-Jun3%® and of HDAC11 with PU.1304
activated CCL2. Vorinostat-mediated reduction in CCL2 gene expression may also result
from an altered NF-kB transcriptional activity (as described previously), as CCL2 pro-

moter also contains NF-kB binding site.

Trichostatin A

HDAC inhibitor TSA had the following effects on the M1 treatment-induced gene expres-
sion in THP-1 reporter M: complete abolishment of the endogenous CEBPD, suppres-
sion of IL-6 and CCL2, upregulation of the reporter CEBPD::SEAP and IL-1R. In contrast
to vorinostat, TSA did not affect gene transcription of reporter CEBPD::SEAP, at the late
time point. To my best knowledge, this study is the first report of CEBPD expression

regulation and IL-1R gene expression upregulation in THP-1 M.

In murine bone marrow-derived macrophages (mBMDMs), 12.5 and 25 nM TSA doesn’t
affect IL-18 mRNA level 6 hours after LPS treatment3® (Table 4.1). The observed differ-
ences may be caused by the different TSA and LPS concentration used for the cell treat-
ment: 500 nM TSA and 0.1 pg/mL LPS in this study versus up to 25 nM TSA and 1 pg/mL
LPS in mBMDMs study.3® However, 25 nM TSA slightly decreases IL-1B secretion from
LPS-induced mBMDMs at the later time point3°> (Table 4.1). The anti-inflammatory ef-
fect of TSA is consistent with the literature, as it also reduces pro-inflammatory gene

expression and cytokine secretion in mBMDMs30>3% (Table 4.1).

TSA may upregulate gene transcription of the reporter CEBPD::SEAP by acetylation and
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enhancement of SP1 transcriptional activity in target cells (Fig.4-6). TSA increases acet-
ylation of transcription factor SP1 at Lys703 and elevated its DNA binding activity in hu-
man Jurkat T cells.3%7 SP1 TF directly binds CEBPD promoter in multiple cell types (cf.
chapter 1.3.1.3) and is essential to recruit NF-kB and c-Jun to target promoters in LPS-

activated RAW264.7 M@.3% However, the proposed TSA-dependent SP1 transcriptional
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Figure 4-6: The proposed pharmacologlcal activity of HDAC inhibitor trichostatin A in M1-polarized THP-
1 reporter M. TSA (red lines) repressed M1 treatment-activated gene expression of IL-6 and CCL2 at
both time points tested. However, it completely abolished the M1 treatment-activated gene expression
of the endogenous CEBPD and upregulated that of the reporter CEBPD::SEAP and IL-1R at the early time
point only. TSA may control cis-activatory and trans-inhibitory mechanisms simultaneously, the summary
action of which results in inhibition of the endogenous CEBPD but upregulation of the reporter
CEBPD::SEAP gene expression, as the defined CEBPD promoter may lack the corresponsive regulatory
sites. TSA causes acetylation and thus elevated transcriptional activity of SP1 that may result in upregu-
lated expression of CEBPD::SEAP. On the other hand, TSA may inhibit SP1-dependent c-Jun binding of
CEBPD promoter abolishing the activated gene expression of the endogenous CEBPD. TSA may also inhibit
expression of the endogenous CEBPD and IL-6 by: i) preventing of TLR4-dependent NF-kB binding; ii) in-
terruption of IFN-g signalling; iii) regulation of NF-kB acetylation and phosphorylation state. Further, TSA
may repress the CCL2 gene expression by mediation of PU.1 transcription factor degradation. For details
please refer to the main text.

activity competes with inhibitory mechanisms for endogenous CEBPD gene, as M1 treat-
ment-induced CEBPD gene transcription is abolished in response to TSA treatment. TSA-
dependent abolishment of LPS-activated transcription of cebpd gene and cebpd mRNA
level is also observed in RAW264.7 murine M@3® (Table 4-1), by the TSA-mediated inhi-

bition of SP1-dependent c-Jun binding to CEBPD promoter.3%°
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TSA may supress gene expression of IL-6 and endogenous CEBPD by preventing TLR4-
dependent NF-kB-p65 binding and interruption of IFN-g signalling in target cells
(Fig.4-6). TSA inhibits production of IFN-g in human U937 cells3!? and is observed to reg-
ulate NF-kB-p65 acetylation and phosphorylation balance3'° affecting the TLR4/
NF-kB-p65 signalling pathway. TSA increases LPS-depressed acetylation and decreased
LPS-induced phosphorylation of NF-kB-p65 in U-937 cells.3° Pre-treatment with
40 ng/mL TSA also suppress NF-kB-p65 DNA binding activity and inhibits TLR4 protein
expression in LPS-activated RAW264.7, where the acetylation of NF-kB-p65 is in-

creased.’!!

TSA may reduce gene expression of CCL2 through the degradation mediation of a master
transcription factor PU.1 (Fig.4-6). PU.1 activates CCL2 expression in M@3° and regu-
lates M differentiation at mMRNA and protein levels.3'? TSA supresses expression of PU.1
in multiple murine M cell lines including RAW264.7 312 Besides transcription regulation
of CCL2, an M1 polarization marker, TSA is also observed to facilitate the anti-inflamma-

tory M2 polarization of Me.313314

4.3 Epigenetic action of CEBPD-modulating hit compounds as RA treat-

ment strategy

Environmental-responsive epigenetic factors contribute to the abnormal activation of
the innate and adaptive immune systems and also to RA progression.?'> Flexible acety-
lation of histones and non-histone proteins regulates production of pro-inflammatory
cytokines in synovial M@ and fibroblasts.3'¢ The inflammatory stimuli also activate fibro-
blast-like synoviocytes (FLS) that secrete cytokines and generate enzymes responsible
for cartilage and bone destruction.3!” Cytokine IFN-g*°3 and TLR4 ligand LPS are observed
to promote RA by M activation3!® and induction of TFs resulting in HAT-mediated in-
crease in histone acetylation and thus transcription initiation of pro-inflammatory

genes.31?

As introduced previously, activated C/EBPS TF displays elevated DNA binding activity in

synovial M and fibroblasts derived from RA patient joints®* (cf. chapter 1.3.3). Inflam-
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matory-induced C/EBP& TF contributes to the transcriptional control of pro-inflamma-
tory cytokine and chemokine-encoding genes in CIA mice.*? In the context of RA, iden-
tified hit compounds may display their anti-inflammatory effect via their known epige-

netically and in this study identified CEBPD-modulating activity.

In general, BETi represent a potential therapeutic strategy for RA, as they display potent
anti-inflammatory properties,?®® accompanied by a good drugability of BCPs.32° BET in-
hibitor GSK-3358699 from Glaxo Smith Kline was in phase | clinical trials for the treat-
ment of RA.8* Although both GSK 1210151A and Ro 11-1464 displayed their anti-inflam-
matory action in M1-polarized THP-1 reporter M, a potential therapeutic effect in the
context of RA is reported only for GSK 1210151A. GSK 1210151A reduces autocrine ex-
pression of IFN-B and IFN-B-induced gene transcription resulting in suppressed IFN re-
sponses activated by TLR4 and TNF in primary human monocytes.?®
GSK 1210151A suppresses transcription of over 70 % of genes induced by TNF-a or
IL-1R and reduces secretion of cytokine- and LPS-induced inflammatory mediators such
as IL-6 and IL-8 as well as matrix degrading enzymes (MMP1, MMP3), in RA FLSs.2%!
GSK 12010151A also reduces proliferation of RA FLSs as well as their chemotactic prop-

erties affecting PBMCs.2%!

Ro 11-1464, a potent apoA-Il inducer, may restore RA-related disturbance in lipid metab-
olism and therefore provide beneficial properties in RA treatment. RA patients show
reduced serum level of HDL as well as severe aggregation of apoA-I in HDL resulting in
altered lipoprotein structure and function and correlating with RA-associated cardiovas-
cular events.32! In comparison to healthy controls, patients with early RA display signifi-
cantly lower serum HDL and consequently lower apoA-I levels, which are improved
through a DMRAD anti-inflammatory treatment.3?>2 Ro 11-1464 may display a double
beneficial effect in RA, as it acts not only as apoA-l inducer but also supresses expression

of pro-inflammatory genes, as seen in this study.

8* |Integrity, A Cortellis solution. Clarivate analytics website. Indication: rheumatoid arthritis
https://integrity.clarivate.com. Accessed September 24, 2019
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HDAC i are also observed to display beneficial effects in the context of RA by their versa-
tile anti-inflammatory action. HDACG6 inhibitor CKD-506 from Chong Kun Dang Pharma-
ceutical was in phase Il clinical trial for the treatment of RA.°* Vorinostat induces apop-
tosis of primary FLSs from RA patient through the generation of ROS and suppression of
NF-kB and anti-apoptotic proteins Bcl-xI and Mcl-1.323 Vorinostat inhibits cell prolifera-
tion and suppresses LPS-induced NF-kB-p65 nuclear accumulation and cytokine secre-
tion in human RA synovial fibroblastic E11 cells, including IL-6.2%° In E11 cells, vorinostat
suppresses monocyte chemotactic protein-2 (MCP-2) and macrophage migration inhib-
itory factor (MIF) relevant for E11-driven THP-1 migration.?®® In THP-1 cells, vorinostat
supresses LPS-induced NF-kB-p65 nuclear accumulation and secretion of IL-1R, IL-6,

IL-18, and TNF-a..2®°

TSA effectively blocks production of IL-6 and TNF-a and downregulated anti-apoptotic
Bfl-1/A1 protein resulting in induced M apoptosis in PBMCs derived from healthy do-
nors and RA patients.?’ TSA suppress IL-1B-, TNF-a-, and TLR ligand-induced IL-6 pro-
duction through the reduction of IL-6 mRNA stability in FLSs from RA patients and Mg
from healthy donors.?>3 TSA reduces expression of NF-kB signalling interplayers includ-
ing PI3K and p-Akt324 as well as inhibited cell viability through cell sensitization toward

TNF-o-related apoptosis and induction of cell cycle arrest in RA FLSs.3%

The by LPS and IFN-g activated gene transcription of the endogenous CEBPD was upreg-
ulated by BETi and completely inhibited by HDACi in THP-1 reporter M. Pro-inflamma-
tory IL-6 and CCL2 gene transcription was suppressed by all four hit compounds, inde-
pendently from CEBPD promoter activity. Nonetheless, C/EBPS TF may contribute to the
suppressed gene expression of IL-6 and CCL2 in THP-1 reporter M.

Activated C/EBPS TF can act as an anti-inflammatory, as observed in murine Mg, *° sep-

156 and brain inflammation.'®> The activatory or inhibitory transcriptional action

sis mice,
of C/EBPS TF is determined by heterodimerization, post-translational modifications, or
interaction with regulatory proteins (cf. chapter 1.3.1.3). Activated C/EBP& TF can also

repress expression of its target genes,3® besides its known action as activator of anti-

% |Integrity, A Cortellis solution. Clarivate analytics website. Indication: rheumatoid arthritis
https://integrity.clarivate.com. Accessed September 24, 2019
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inflammatory genes.'® IL-6 and CCL2 promoter regions display C/EBP& binding
sites, 131132326 however, there is no experimental conformation of the direct CCL2 pro-
moter binding by C/EBP& yet. C/EBPS TF upregulated by GSK 1201151A or Ro 11-1464
may display an inhibitory transcriptional activity as a result of heterodimerization with
LIP, C/EBPy or CHOP, SUMOylation, or interaction with inhibitory co-regulators like Rad,
DIPA, Smad3, or Smad4 (cf. chapter 1.3.1.3) repressing IL-6 and CCL2 expression

(Fig.4-7A).
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Figure 4-7: The proposed anti-inflammatory activity of CEBPD-modulating hit compounds. Modulation
of CEBPD gene expression by identified hit compounds may contribute to their anti-inflammatory activity
in M1-polarized THP-1 reporter M. A: BETi GSK 1210151A and Ro 11-1464 upregulated the M1 treat-
ment-activated gene expression of endogenous CEBPD (red arrows). Upregulated C/EBP& TF may inhibit
IL-6 and CCL2 through its hetero-dimerization with inhibitory mono-dimers, SUMOQylation, or interaction
with co-repressors. B: HDAC inhibitors vorinostat and TSA completely abolish the M1 treatment-induced
expression of endogenous CEBPD (black lines). An absent C/EBPS transcriptional activity may contribute
to the suppressed expression of IL-6 and CCL2, as observed for cebpd deficiency in murine Meo.

Absence of C/EBPS TF, due to the inhibited CEBPD gene transcription by vorinostat and
TSA, may also contribute to the suppressed IL-6 and CCL2 gene transcription (Fig.4-7B).
C/EBP&-deficiency results in reduced induction of TLR-activated IL-6 gene transcription,
as observed in C/EBP&-null M 34150151 C/EBPS-deficiency in mice also reduces systemic
inflammation underscored by decreased IL-6 plasma levels'>? and attenuated IL-6 gene

expression in brain tissue.'>3
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5 Outlook

This study aimed to develop a flexible, reliable, and sensitive phenotypic screening assay
to identify CEBPD-modulating compounds and to analyse the identified hit compounds
according to their anti-inflammatory activity in M1-polarized THP-1 reporter M. The
results of this study may be expanded into the following research tasks: i) improvement
of the screening assay reliability; ii) analysis of hit compound-modulated signalling me-
diating changes in CEBPD gene expression; iii) analysis of C/EBP&-mediated gene expres-

sion control in target cells.

Improvement of the screening assay reliability

Expression of multi-gene-reporter cassette on a BAC could overcome the observed in-
consistences in gene transcription between the reporter and the endogenous CEBPD
and thus improve the screening assay reliability. BAC clone CH17-293N3 encodes CEBPD
and the corresponding regulatory sequences, which can locate in upstream and down-
stream regions kilobases apart from TSS. In human keratinocytes, for example, p63 binds
to a conserved cluster about 1,000 base pairs upstream off the CEBPD transcription start
site resulting in decreased C/EBPS& mRNA levels.3?” On BAC, the multi-gene-reporter cas-

sette could be expressed, therefore, in the endogenous CEBPD gene environment.

The use of the constructed multi-gene-reporter cassette 2.0 may further improve the
screening assay reliability, as it enables ER-stress monitoring. In HEK293T cells, SEAP se-
cretion level was significantly diminished in response to the thapsigargin-induced
ER-stress (chapter 3.2.2.1, Fig.3-8). ER-stress-dependent reduction of SEAP secretion,
potentially caused by the screening compound treatment, can be misinterpreted as in-
hibited CEBPD gene transcription. Moreover, ER-stress itself represents a potential ob-
ject for the study, as it induces an inflammatory response M, fat cells and insulin-pro-
ducing beta-cells and is, therefore, linked to the pathology of inflammatory disorders.3%8

The preliminary results showed that the multi-gene-reporter cassette 2.0 may enable

ER-stress detection by a dual localization mechanism (chapter 3.2.2.1, Fig.3-8).
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Analysis of hit compound-modulated signalling

From literature, | proposed HDACi and BETi hit compounds having versatile pharmaco-
logical effects, which may explain observed changes in CEBPD gene expression (Fig.4-3,
Fig.4-4, Fig.4-5, Fig.4-6). ChIP-qPCR analysis of CEBPD promoter can identify regulatory
transcription factors directly controlling CEBPD gene expression in THP-1 reporter M.
Chromatin immunoprecipitation (ChlIP) coupled with quantitative PCR (ChIP-qPCR) is a
molecular-biologic method used to investigate protein-DNA interactions at genomic
binding sites of the TFs. After regulatory TFs are identified, downstream signalling cas-

cade members can be identified by pull-down assays and Western Blotting.

Analysis of C/EBPS-mediated gene expression control

C/EBP homo- and heterodimers display minimal differential selectivity for DNA target
sites, due to the fully conservation of bZIP module within the bZIP superfamily.34193 At
least in vitro, different C/EBP members bind identical DNA recognition sequences in pro-
moter regions of target genes.>® Consequently, target genes of particular C/EBP family
member cannot be predicted from the DNA sequence.3® The ChIP-qPCR analysis may,
therefore, reveal the genes that are regulated by the direct binding of C/EBPS to their

promoters in M1-polarized THP-1 reporter M.
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6 Abbreviations

°C

A

U
ACTB
BAC
BETi
bp
BSA
CCL
cDNA
CDS
CEBPD
cv

Da
ddH,0
DMSO
DNA
dNTP
E. coli
EDTA

LPS

mg
min
mL
mRNA
MW
myc

degree Celsius
delta
micro (10~
R-actin
bacterial artificial chromosome
bromodomain and extraterminal inhibitor(s)
base pairs

bovine serum albumin

chemokine (C-C motif)

complementary deoxyribonucleic acid ligand
coding region

CCAAT enhancer binding protein delta
coefficient of variation

Dalton

double-distilled water

dimethyl sulfoxide

deoxyribonucleic acid
deoxyribonucleotid

Escherichia coli
ethylendiamintetraacetate

endoplasmic reticulum

forward

fetal calf serum

gram

gravity of Earth

green fluorescent protein

Gaussia luciferase

glucose-regulated protein 78

hour

histone deacetylase inhibitor(s)

human embryonic kidney

horseradish peroxidase
High-throughput screening
Immunofluorescence

interferon

interleukin

Janus kinases

kilobase pairs

litre

Luria Broth

lipopolysaccharide

meter or milli (1073)

molar [mole/litre]

milligram

minute

millilitre

messenger ribonucleic acid

molecular weight

myc tag

%)
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MyD88
Mo

NCBI
NF-kB
nt

oD
ORF

PAGE
PBMC
PBS
PCR
PLAP
PMA
Prl

Prp

P/S
PVDF

R

RA
RNA
RPL37A
rpm
RT-PCR

SD
SDS
SEAP
sec
SP
STAT
TF
TLR
TNF-a
TSA
TSS
UTR
v/v
w/v
WB
wt

X

Amino acids

K
S
T

Abbreviations

myeloid differentiation primary response 88
macrophages

nano (10~°%) or number of independent experiments
National Center for Biotechnology Information
nuclear factor-kB

nucleotide

optical density

open reading frame

pico (10712)

polyacrylamide gel electrophoresis

peripheral blood monocyte cell

phosphate buffered saline

polymerase chain reaction

placental alkaline phosphatase

phorbol 12-myristate, 13-acetate

prolactin

prion protein

penicillin/streptomycin

polyvinylidene fluoride

reverse

rheumatoid arthritis

ribonucleic acid

ribosomal protein L37a

round per minute

reverse transcriptase-polymerase chain reaction

standard deviation

sodium dodecyl sulphate
secreted alkaline phosphatase
second

signal peptide

signal transducer and activator of transcription
transcription factor
toll-like-receptor

tumor necrosis factor-a
trichostatin A

transcription start site
untranslated region

volume to volume ration
weight to volume ratio
Western Blotting

wild type

x times

lysine
serine
threonine
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8 Supplement

8.1 Structure and regulation of CEBPD target promoter

8.1.1 Sequencing of CEBPD-encoding region on BAC clone CH17-293N3
The obtained BAC clone CH17-293N3 was verified via partial sequencing (chapter 2.23)
using following sequencing primers: BAC_PCR_7, BAC_PCR_2, and BAC_PCR_1

(Table 2.11). Sequencing results of CEBPD gene are shown in Figure 8-1.
APRE
ggagtgtcat tcccagcagc_gcagcgcagg ccggeccggg ccggggaggg agcageageg cgggeaccct cctgeaacgt

888ctggeeg tccccaggec Cggegagess gecccgggea ggaactgaga gegesCecee cccgggaagg cteggeeces

SP1
ctcegggggg cteccagggce gececcgecc ctteeccecege ggeccegggg cgeeceegeg gtgecggagt cggggegggs catg-

CRE TATA-box 7SS 5°UTR
cacgtc agccggggct agaaaaggceg geggggctgg geccagecag gigacagect cgettggacg cagageccgg ceegac-

geeg cc atgagcegce cgcgctctte agecctggacg gececcggegeg cggegegecc tggectgegg agcectgegcec
protein coding region

cttctacgaa ccgggcecggg cgggcaagec gggecgeggg gecgagecag gggecctagg cgagccagge

gcecgecgece ccgecatgta cgacgacgag agcgecatcg acttcagcge ctacatcgac tccatggecg
ccgtgcccac cctggagetg tgccacgacg agctcttcge cgacctcttc aacagcaatc acaaggcggg
cggcgcgggg cccctggage ttcttcccgg cggecccgeg cgececttgg  geccgggece  tgeegctecc
cgcctgcetca agegecgagec cgactgggge gacggcegacg cgcccggctc getgttgeee gcgcaggtgg
ccgegtgege acagaccgtg gtgagcettgg cggecgecagg geageccacc ccgeccacgt cgccggagec
gccgegeage agecccagge agacccccge gececggecce geccgggaga agagegecgg caagagggge
ccggaccgcg geagecccga gtaccggecag cggcgegage gcaacaacat cgecgtgege aagagecgeg
acaaggccaa gcggegecaac caggagatgc agcagaagtt ggtggagctg tcggctgaga acgagaagct

gcaccagcge gtggagcagc tcacgcggga cctggccgge ctccggeagt tcttcaagca gctgcccage
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3" UTR
ccgcccttce tgeccggecge cgggacagca gactgccggtaa cgegegge cggggeggga gagactcage aac-

gacccat acctcagacc cgacggeccg gageggageg cgecctgece tggegeagee agagecgecg ggtgeceget geag-

tttctt gggacatagg agcgcaaaga agctacagcec tggacttacc accactaaac tgcgagagaa getaaacgtg tttattttec

cttaaattat ttttgtaatg gtagcttttt ctacatctta ctcctgttga tgcagctaag gtacatttgt aaaaagaaaa aaaac-

cagac ttttcagaca aaccctttgt attgtagata agaggaaaag actgagcatg ctcacttttt tatattaatt tttacagtat

ttgtaagaat aaagcagcat ttgaaatcgc

Figure 8-1: Sequencing results of CEBPD encoding region expressed on BAC clone CH17-293N3. Human
CEBPD gene (1252 nt) contains 5" UTR (brawn letters, 43 nt), protein coding region (green italics, 810 nt),
and 3" UTR (brawn letters, 398 nt). The upstream CEBPD promoter region contains binding sites (bold,
underlined letters) for regulatory transcription factors STAT3 (APRE), SP1 (SP1), and CREB (CRE), as well
as TATA-box, and transcription start site (TSS). The defined CEBPD promoter (blue underline, 332 nt), used
in multi-gene-reporter cassette 1.0, also includes the 5° UTR. CEPBD encoding regions highlighted in gray
were confirmed by sequencing. Sequenced regions, which are located adjacent to the shown CEBPD re-
gion are not displayed here.
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8.1.2 Transcriptional regulation of CEBPD

Expression of C/EBPS TF is mainly regulated at the level of gene transcription initiation
(cf. chapter 1.3.1.3). Proximal CEBPD promoter contains known TF binding sites, which
functionality is shown in human cells (SP1, CREB, and STAT3).3® However, the existence
and the functionality of NF-kB binding site is only shown in murine cebpd promoter.”*
Although human CEBPD promoter contains experimentally confirmed ATF3 binding
site,10* its exact location is unknown in human cells. | proposed the location of NF-kB
and ATF3 TF binding sites in human CEBPD gene by overlapping of human CEBPD and

murine cebpd genes sequences (Fig.8-2), which are similar in their proximal promoter

regions.
NF-kB  APRE
-117 -108
-110 -102

200-299 GGCGGGTCGTTCCCAGCA
GGAGTGTCATTCCCAGCAGC GCAGCGCAGGCCGGCCCGGG CCGGGGAGGGAGCAGCAGCG CGGGCACCCTCCTGCAACGT  GGGCTGGGGGTCCCCAGGGC
-281  -273
-288 -279 -
100-199 GC  ACCCCAGTCCCTCCCCGCTC
CGGGGAGGGGGCCCCGGEGA GGAACTGAGAGGGGGCGCGC CCCGGGAAGGCTCGGGGLGGE CTCCGGGGGGECTCCCAGGGC  GCCCCCGCCCCTTCCCCCGL

-72 -56  -50 -45 -37 -29 -23 _..9'?55
1-99 GG—— GTCTCGGAC CCACTGGGGCCGGGELGGEG (GTGCGCGTCAGCTGGGGCT AGAAAAGGCGGC—GGTCICG GCCCGGCGAGGTGACAGCCMus musculus
GGCCCCGGGGLGLLLCCGCG GTGLCCGGAGTIGGGGLGEGEG CGTGCACGTCAGCLGGGGLT AGAAAAGGCGGLGGGGLTGG GCCCAGCGAQGTGACAGCCHomo sapiens
-74 -58 -52 -47 -39 -31 -25 +1

ATF3 SP1 CRE TATA-box

Figure 8-2: Alignment of human CEBPD and murine cebpd promoter sequences. Besides of the TATA-box
(blue) and TSS (red), human CEBPD and murine cebpd promoter regions contain TF binding sites SP1, CRE,
and APRE, which functionality is confirmed in both species. The murine cebpd promoter also contains
functional binding sites of NF-kB (-117/-108) and ATF3 (-85/-72) regulatory TFs (petrol), which functional-
ity is shown only in murine M. In human CEBPD promoter, the location of NF-kB (-288/-279) and ATF3
(-96/-74) binding sites were proposed by alignment of both promoter sequences. The indicated positions
in human CEBPD (numbers below) and murine cebpd (numbers above) promoters refer to the reported
TSS for the murine gene.

10% CEBPD gene, ENCODE transcription factor targets. Harmonizome internet site.
http://amp.pharm.mssm.edu/Harmonizome/gene/CEBPD. Accessed April 26, 2020.
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8.2 Characterization of SEAP and eGFP reporter assays

8.2.1 Characterization of colorimetric SEAP assay

In colorimetric assay (Fig.8-3A), SEAP utilizes 4-NPP (4-nitrophenylphosphate) substrate
generating 4-nitrohenolat, a yellow product that is detected by absorbance measure-
ment at 405 nm. Colorimetric SEAP assay displayed a limited assay sensitivity (Fig. 8-3B),
low, over three 10-fold dilutions, broadness of linear range (Fig.8-3C), and high assay
repeat- and reproducibility for both, undiluted and diluted SEAP-containing samples

(Fig.8-3D).

A SEAP enzymatic signal B SEAP assay, sensitivity
1.04 1.0 e SEAP-myc
—'} = negative control
s 8
g 0.5 3 0.5
-
R - -
0.04—= 0.0 T T T T
: j y y 1 10 100 1000 dilution factor
0 10 20 30
min 0.8 0.7 -0.5 -1.0 Z -factor

—e— SEAP-myc --e-- negative control

-= SEAP-myc, 1:10 --=-- negative control, 1:10

—+— SEAP-myc, 1:100 -+~ negative control, 1:100

C SEAP-myc, 1:1000 --v-- negative control, 1:1000
SEAP assay, linearity repeatability  reproducibility
’
S 1x100 , ,
S sample ID intra-assay inter-assay
(8] .
. v = 089385 oV (%) oV (%)
€ 1x102 R2=0.9751
Y SEAP-myc 3,51 7.01
<t
<
' ) SEAP-myc 1:10 5.36 6.28
o 1x10%2 .
5 SEAP-myc 1:100 2.66 0.93
%)
3 ® SEAP-myc 1:1,000 3.76 1.04
E(l’ 1x10-3+ UARAL) B LA B AL
10° 10t 102 103 negative control 8.67 4.48

dilution factor

Figure 8-3: Characterization of the colorimetric SEAP assay. SEAP-myc enzymatic activity was measured
in undiluted and up to 1,000-fold diluted cell culture supernatants of corresponding HEK293T reporter
cells, 24h after cell seeding. Cell culture supernatant of HEK293T cells stably transfected with backbone
were utilized as negative control. A: Kinetics of enzymatic reaction. SEAP enzymatic signal was measured
for each of the dilutions for 30 minutes after substrate addition. Each point represents average signal
+ SD of three independent experiments. B: Determination of assay sensitivity. The highest dilution factor
at which Z'-factor is 2 0.5 is 10. Data represent mean * SD of three independent experiments. C: Determi-
nation of assay linearity. Colorimetric SEAP assay was linear (R?=0.9751) over three 10-fold dilutions. Each
point represents average signal of three independent experiments, detected five minutes after substrate
addition. D: Determination of assay repeatability and reproducibility. The intra-assay and inter-assay CVs
were determined between the three technical replicates or the three independent experiments, respec-
tively. A405: absorbance at 405 nm.
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8.2.2 Characterization of fluorescent SEAP assay

In florescent assay (Fig.8-4A), SEAP dephosphorylates MUP (4-methylumbelliferyl phos-
phate) substrate generating 4-MU (4-methylumbelliferone), a highly fluorescent and
stable product. Fluorescent SEAP assay showed a moderate assay sensitivity (Fig.8-4B),
was linear over four 10-fold dilutions (Fig.8-4C), and displayed high assay repeatability
and reproducibility for up to 100-fold diluted samples (Fig.8-4D).

A SEAP enzymatic signal B SEAP assay, sensitivity
- 5_
6x105 6x10 e SEAP-myc
he e = negative control
4x105+
S > 4x10%
4 © -
1x105 1
E o = g
a8 =ss wEEE
0 T T T T
0 1 10 100 1000 dilution factor
0.97 0.95 0.87 -3.34 Z -factor
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Figure 8-4: Characterization of the fluorescent SEAP assay. SEAP-myc enzymatic activity was measured
in undiluted and up to 1,000-fold diluted cell culture supernatants of corresponding HEK293T reporter
cells, 24h after cell seeding. Cell culture supernatant of HEK293T cells stably transfected with backbone
were utilized as negative control. A: Kinetics of enzymatic reaction. SEAP enzymatic signal was measured
for each of the dilutions for 30 minutes after substrate addition. Each point represents average signal
+ SD of three independent experiments. B: Determination of assay sensitivity. The highest dilution factor
at which Z’-factor is 2 0.5 is 100. Data represent mean % SD of three independent experiments. C: Deter-
mination of assay linearity. Colorimetric SEAP assay was linear (R?= 0.9743) over four 10-fold dilutions.
Each point represents average signal of three independent experiments, detected five minutes after sub-
strate addition. D: Determination of assay repeatability and reproducibility. The intra-assay and inter-
assay CVs were determined between the three technical replicates or the three independent experiments,
respectively. RFU: relative fluorescence units.
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8.2.3 Characterization of eGFP assay
Besides GLuc, | evaluated eGFP according to its suitability to be used as a reporter gene
for normalization (cf. chapter 3.2.1.1). In contrary to GLuc, eGFP can be detected via

fluorescent microscopy and its quantification requires no substrate addition.

First, | defined optimal excitation and emission wavelengths for eGFP detection at 488
and 510 nm, respectively (Fig.8-5A). Next, | measured auto-fluorescence level of wild
type THP-1 cells and different cell culture media, to determine assay background signal.
As the phenol red-free cell culture medium was over three times less auto-fluorescent
in comparison to the usual phenol red-containing medium (Fig.8-5B), it was used during
eGFP assay characterization. eGFP fluorescent signal was proportional to the cell num-
ber of eGFP-expressing THP-1 reporter cells (Fig.8-5C). Signal of 150,000 THP-1 reporter
cells was reduced by approximately 30 % compared to this of 100,000 cells, whose signal
in turn was halved relative to this of 50,000 cells (Fig.8-5C). eGFP assay displayed low
assay sensitivity, indicated by the Z’-factor of 0.13 for 13,380 reporter cells(Fig.8-5D),
unacceptable for HTS conduction in a 384-well format. eGFP fluorescent assay was not
linear (“hockey-stick-effect”) for smaller cell numbers (Fig.8-5E) and displayed an insuf-
ficient assay repeat- and reproducibility (Fig.8-5F). Especially the read-to-read CV
(14.76 - 21.25 %), measured between the three consecutive reads of the same plate with
no additional manipulation of the cells or the cell culture medium between the reads,
was surprisingly high. Consequently, eGFP was not suitable to be used as a gene reporter

for normalization.
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Figure 8-5: Characterization of eGFP assay. Fluorescent signal of eGFP-expressing THP-1 cells was meas-
ured in a 96-well format, 30 minutes after cell seeding. Wild type THP-1 cells were utilized as negative
control. A: Determination of optimal excitation (488 nm) and emission (510 nm) wave lengths. Excitation
and emission spectra were measured using eGFP-expressing THP-1 cells cultured in PBS. AU: arbitrary
units B: Determination of auto-fluorescence of PBS, phenol-red containing cell culture medium (usual me-
dium), FluoroBride™ phenol red-free cell culture medium (FB medium), and of 50,000 eGFP-negative wild
type THP-1 cells in PBS. Each condition represents average signal + SD of three independent experiments.
C: Determination of cell number-dependent eGFP signal strength. Data represent mean £ SD of 16 indi-
vidual wells. D: Determination of eGFP signal sensitivity. Fluorescent eGFP signals from equal numbers of
serial diluted eGFP-positive and eGFP—negative cells (from 500,000 to 13,380) were measured. Data rep-
resent mean * SD of six individual wells. E: Determination of eGFP signal linearity for the in (D) measured
cell numbers. Each point represents average signal + SD of six individual wells. F: Determination of the
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eGFP assay repeatability and reproducibly. The intra-assay, read-to-read, or inter-assay coefficients of
variation were determined between the three technical replicates, the three consecutive reads of the
same plate, or the three independent experiments, respectively.

8.3 Characterization of CEBPD promoter strength

During assay development, | generated two THP-1 reporter cell lines, which stably ex-
press one of the generated gene reporter constructs displaying following characteristics:
i) SEAP expressed under control of the inducible CEBPD (CEBPD::SEAP) and GLuc —under
control of the strong constitutive CMV (CMV::GLuc) promoters (multi-gene-reporter
cassette 1.0); ii) SEAP expressed under control of CMV (CMV::SEAP) and GLuc — under
control of CEBPD (CEBPD::GLuc) promoters (Fig.8-6A). For cloning strategies refer to
chapter 8.8.3 Fig.8-37, Fig.8-38. To characterize CEBPD promoter strength in relation to
this of CMV, | measured enzymatic activity of SEAP (Fig.8-6B) and GLuc (Fig. 8-6C) in
cellular supernatants of corresponding PMA-differentiated THP-1 reporter M. Enzy-
matic activity of CEBPD::SEAP was over 400-times lower in comparison to this of
CMV::SEAP (Fig.8-6D). Also GLuc displayed lower enzymatic activity, when expressed
under control of the defined CEBPD promoter in comparison to this when expressed
under control of CMV (Fig.8-6E). Consequently, defined CEBPD promoter displays rela-

tively weak promoter strength compared to this of CMV.
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Figure 8-6: Characterization of CEBPD promoter strength. Two THP-1 reporter cell lines were generated
by viral transduction of wild type THP-1 cells with lentiviral vectors encoding one of the generated gene
reporter constructs (A). THP-1 wild type and reporter cells were differentiated by treatment with 50
ng/mL PMA for 48 hours, in a 6-well format. Enzymatic activity of SEAP (B) and GLuc (C) was detected in
cellular supernatants of THP-1 wild type and reporter M, 72 hours after PMA treatment. A: Schematic
drawing of generated gene reporter constructs. B, C: Chemiluminescent SEAP and GLuc assays. Enzymatic
activity of SEAP (B) and GLuc (C) were measured in cellular supernatants of THP-1 wild type (negative
control) and reporter M for 25 minutes and for 60 seconds after substrate addition, respectively. Data
represent mean = SD of three independent experiments. C, D: Fold-changes in promoter-dependent SEAP
(D) or Gaussia (E) enzymatic activities, shown relative to the negative control that was set as 1, demon-
strated differences in relative promoter strength of CEBPD and CMV. Data represent mean + SD of three
independent experiments.
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8.4 Development of the final screening protocol

8.4.1 Cell culture condition in 384-well format

SEAP signal intensity was an important factor for establishment of optimal cell culture
condition in 384-well format. SEAP signal intensity depends on following factors: i) po-
larization; ii) cell culture duration; iii) differentiation format; iv) cell number. However,
cell culture of THP-1 reporter cells in 384-well format also bears limitations and special-
ties such as cell number per well and differentiation format. Thus, optimal cell culture
protocol was a summary of actions that results in the highest SEAP signal possible but

considers the format- and cell-specific restrictions.

The ongoing methylation of GC-reach CEBPD promoter, which belongs to a huge CpG-
island, can silence its activity leading to reduced SEAP secretion. Thus, | tested SEAP se-
cretion level produced by non- and M1-polarized THP-1 reporter M that were cultured
for one or five weeks after their generation. During HTS in 384-well format, the standard
differentiation protocol of THP-1 reporter cells directly on the plate may negatively im-
pact screening assay reproducibility (cf. chapter 3.2.3.2). Thus, | tested the effect of the

alternative differentiation in a bulk format on SEAP secretion.

As expected, SEAP secretion level was generally higher in cellular supernatants of M1-
polarized (M1 condition) THP-1 reporter M in comparison to this of non-polarized (MO
condition) cells, independent of cell culture duration and differentiation format
(Fig.8-7A). THP-1 reporter M displayed an equal over four-time fold induction in SEAP
secretion level in response to M1 treatment, independently from cell culture duration
and cell number (Fig.8-7B). The 10,000 of M1-polarized THP-1 reporter M (Fig.8-7A,
blue dashed bar) produced a twice higher SEAP signal in comparison to this of 5,000 cells
(Fig.8-7A, white bar). Although, 15,000 of THP-1 reporter cells (Fig.8-7A, light blue
pointed bar) produced an approximately 30 % higher SEAP signal in comparison to this
of 10,000 cells (Fig.8-7A, light blue bar), it was not an appropriate cell number per well,

as cells overgrew next day after seed.

SEAP secretion was approximately three times higher in cellular supernatants of 10,000
THP-1 reporter cells, which were differentiated directly on the plate (Fig.8-7A, blue

dashed bar) relative to this when differentiated in a bulk format (Fig.8-7A, light blue bar).
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However, in bulk differentiation contributes to an equal differentiation state of THP-1
reporter cells and, thus, may improve assay repeat- and reproducibility. Differentiated
in a bulk format, the 10,000 of M1-polarized one-week THP-1 reporter M¢ (Fig.8-7A,
pink dashed bar) displayed a twice higher SEAP secretion level relative to this of 10,000
M1-polarized five-week THP-1 reporter M (Fig.8-7A, light blue bar). During screening,
therefore, it was important to use fresh aliquots of THP-1 reporter cells to avoid possible

CEBPD promoter methylation-caused reduction in SEAP secretion.

A
SEAP assay differentiation in a bulk format
4x10°1 5000, 5-w. cells, PD 10 000, 5-w. cells, BD 107 Mo condition
=3 7 500, 5-w. cells, PD == 15 000, 5-w. cells, BD M1 condition
10 000, 5-w. cells, PD 10 000, 1-w. cells, BD
T 10 Y I, 4.61
27
%%
5 |
L %% T S N ——

1x10°1
1.00

fold chnage in SEAP secretion

5-weeks cells 5-weeks cells 1-week cells
MO condition M1 condition

10,000 15,000 10,000

Figure 8-7: Establishment of the optimal cell culture condition in 384-well format. A: Chemiluminescent
SEAP assay. THP-1 reporter cells, cultured for one (1-w. cells) or five weeks (5-w. cells) after generation,
were PMA-differentiated in following formats: i) directly on a 384-well plate (PD) or ii) in a bulk format
(BD). Corresponding SEAP secretion was analyzed in cellular supernatants of 5,000 to 15,000 of non- (MO
condition) or M1-polarized (M1 condition; treatment with 0.1 pug/mL LPS + 20 ng/mL IFN-g for 24h)
THP-1 reporter M. Data represent mean * SD of three independent experiments. B: Fold-change in SEAP
secretion level in response to the M1 treatment of in bulk format differentiated one- and five-week
THP-1 reporter M, normalized to the corresponding MO condition.
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8.4.2 Down-scaling and characterization of SEAP assay in 384-well format

Down-scaling of SEAP readout assay from 96- to a 384-well format reduced HTS-depend-
ent costs by factor five. | down-scaled SEAP assay by reduction of assay and sample vol-
umes (data for different assay volumes are not shown). In a total volume of 30 pL, |
characterized SEAP signal stability and sensitivity using cellular supernatants of M1-po-
larized THP-1 reporter M@ that express multi-gene-reporter-cassette 1.0 under control
of CEBPD target promoter (Fig.8-37). Detected for small sample volumes (5 — 1.25 pl),
SEAP reporter displayed the highest signal stability for sample volume of 5 L (Fig.8-8A).
Chemiluminescent SEAP assay was also very sensitive, due to an optimal Z’-factor > 0.5

for all sample volumes tested (Fig.8-8B).

A SEAP assay B SEAP assay, sensitivity
4x105 6x10°7e SEAP-myc
B negative control
4x105+
2x105 00
) & ege
o = 2x105+
@
3><103; i 25x10% 1
0 T T 1 el % i
0 15 ) 30 45
min T T T
-0~ SEAP-myc, 5 uL ¥~ negative control, 2.5 uL 5L 25uL 1.25puL  sample vol.

-#- negative control, 5uL <~ SEAP-myc, 1.25 uL

- SEAP-myc, 25uL -6 negative control, 1.25 uL 0.94 069 0.86 Z'-factor

Figure 8-8: Characterization of the chemiluminescent SEAP assay for small sample volumes. PMA-differ-
entiated THP-1 reporter M@ were M1-polarized by treatment with 0.1 pg/mL LPS + 20 ng/mL IFN-g. SEAP
enzymatic activity was measured in cellular supernatants of THP-1 reporter M, 24h post-treatment. Neg-
ative control was represented by cellular supernatant of non-polarized wild type THP-1 M. Data repre-
sent mean t SD of three independent experiments. A: Chemiluminescent SEAP assay. Sample volume-
dependent (5 - 1.25 uL) SEAP signal was monitored for 45 minutes after substrate addition. B: Determi-
nation of assay sensitivity.
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8.5 LOPAC®!28% and ENZO®’7* compound libraries

LOPAC (list of pharmacological active compounds) library contains 1280 experimentally
validated small molecules that display versatile chemical and pharmacological proper-
ties (Fig.8-9). Commercially available LOPAC library!'* is used during differently pur-
posed high-throughput screenings.32°331 ENZO®’74 compound library contains 774 FDA
approved drug compounds, which belong to various indication classes (Fig.8-10) and dis-
play known bioactivity, safety, and bioavailability.}> Thus, ENZO®’7* library is used not

only for identification of signalling mediators33%333 but also for drug repurposing.33*

neurocbiology, neurotransmittion, I.O PAC

cell signalling and neuroscience; 85
lipid signalling,
sphingolipid; 28

other; 126

inflammation, immunecell
signalling, cytokines; 32

hormone, melatonin; 33

gene regulation,
transcription; 42

DNA, DNA metabolism, DNA

repair, cyclic nucleotides; 49 adrenoceptor, cholinergic,

dopamine, serotonin,
histamine, glutamat,
cell biology, cell cycle, prostaglandin, GABA; 513
cell signalling, cellular

stress, apoptosis; 88

ion channel (Ca, Na, K),
ion-pump; 103

biochemistry, kinase,
phosphorylation; 136

antibiotic, antiviral, antifugal,
multi-drug-resistance; 45

Figure 8-9: Pharmacological classes of compounds from LOPAC®*2% |ibrary. LOPAC® contains 1280 com-
pounds that display various pharmacological properties summarized here to distinct classes. Digits indi-
cate the number of compounds in each class. In this figure | analysed a raw library information, which was
kindly provided by colleagues from Fraunhofer IME ScreeningPort in Hamburg.

The nein selected compounds from LOPAC®!%%0 library display their pharmacological ac-

tivity in following classes: gene regulation and transcription (GSK 1210151A and

1% OPAC"'28° — The Library of Pharmacologically Active Compounds. Merck KGaA website.
https://www.sigmaaldrich.com/life-science/cell-biology/bioactive-small-molecules/lopac1280-naviga-
tor.html. Accessed February 20, 2020.

12%* SCREEN-WELL® FDA approved drug library V2. Enzo Life Sciences, Inc. website.
https://www.enzolifesciences.com/BML-2843/screen-well-fda-approved-drug-library-v2/. Accessed Feb-
ruary 20, 2020.
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13-cis-retinoic acid), lipid signalling (Ro 11-1464), neurobiology and -transmission
(Ro 61-8048), cellular stress (danshensu sodium salt), immunomodulation (bropirimine),
estrogen receptor targeting (lasofoxifene tartrate), ion pump targeting (sanguinarine

chloride), and enzymatic phosphorylation (roscovitine).

ENZO

contraceptive, errectile dysfunction; . X "
antipsychotic, antidepressiva, 20 diuretic, anti-ulcer; 28
sedativa; 90

antibiotic, antiviral,
antifungal, anti-infective,
other: 47 anti-HIV, antimaralial; 166
g

anestetic, analgetic; 16

anti-arrhytmic, vasodilator,

heart protection; 46 anti-allergic,

antihistamine; 23

anti-asthmatic,
bronchodilator; 22
anticonvulsant, muscel
relaxant; 42
antidiabetic, hypoglycemic; 14

gastric, antidiarrheal, anti-

antineoplastic, cancer emetic; 11

treatment; 99
antilipemic, cholesterol-agents;

14
bone protection; 7
anti-inflammatory, immunosuppressive,
antirheumatic; 59

dermatologic; 5

antihypertensive; 57 anti-glaucoma, olphtalmologic; 8

Figure 8-10: Therapeutic classes of compounds from ENZO®’7* library. ENZO® contains 774 approved
drug compounds that are summarized here according to their indication. Digits indicate the number of
compounds in each class. In this figure | analysed a raw library information, which was kindly provided by
colleagues from Fraunhofer IME ScreeningPort in Hamburg.

According to their therapeutic characteristics, the nine selected compounds from
ENZO®’74 library act as follows: antineoplastic (vorinostat, auranofin, and mitoxan-

trone), anti-inflammatory (leflunomide (DMARD), ketorolac tromethamine (NSAID),

fluocinonide, amcinonide, and halcinonide), and anti-asthmatic (zileuton).
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8.6 Screening for CEBPD-modulating compounds

8.6.1 High-throughput screening

A
Q Q Q
Al Ny Q| Q) %]
(=] x x x ®
S < 8 -] N ®
o v = all +] +
E I:I = | (:I CI ft .
| I [ | n+ 3xSD =
| | | | 3
| | | |
S | o | | | o
S | | e | | <
Y [ I | [ n+ 2xsSD -
Al e ‘II —————— Il‘ —————— ————— 2 e e g
| | )
| | | | o ©
o™
3 | | | | ®
o
e S 4__©® 1® e _ N I R A a N+ 1xSD S
D ® I I I I -
| g °®
x I | | | S
o d | | | k=
2 g F | ] | c
S______ oW Seo P oY @lR e e le nresd2 2
S o .' | |
S @ Og ALRS
%‘ * o 2 of | . & I ‘
t™ ool P40 | [ =
® ,3°% 6 % i 6" | o !
° ® o Te 9 | n-1xsD @
{ ® >
___‘C ot %o gve o B -———— =+ ———_-— ——————
B A A
| | | |
0 10,000 20,000 30,000 40,000 50,000 60,0000 70,000 80,000 90,000 100,000
roscovinite RLU, read 1

Figure 8-11: Identification of hit compounds derived from screening of LOPAC®'?° |ibrary.
Figure continued on the next page.
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Figure 8-9: Continuance.
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Figure 8-11: Identification of hit compounds derived from screening of LOPAC®'% |ibrary.

Figure continued on the next page.
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Figure 8-11: Identification of hit compounds derived from screening of LOPAC®*2% [ibrary. A, B, C: Screening of LOPAC®*?%° [ibrary (1280 compounds) included four 384-well
plates, three of which are shown here (A, B, C). Enzymatic SEAP signals were detected in cellular supernatants of non-polarized and non-treated (MO control; 16 wells) and
M1-polarized either with DMSO (M1, DMSO; 16 wells), compound (M1, compound; up to 336 wells), or TSA (M1, TSA; 4 wells) pre-treated THP-1 reporter M. As primary
screening was performed twice, SEAP signals from read 1 are plotted versus corresponding signals from read 2. Compounds showing strong activatory or inhibitory effect on
SEAP secretion were identified in areas over (n + 1/2/3xSD, black line) or under (n — 1/2xSD, green line) up to three SDs of mean, calculated for “M1, DMSQO” (solvent control)
condition (n, read line), respectively. Selected compounds (red circles) were summarized in Table 3.3 (chapter 3.3.1).
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Figure 8-12: Identification of hit compounds derived from screening of ENZO®?7% library.
Figure continued on the next page.
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Figure 8-12: Identification of hit compounds derived from screening of ENZO®”7* library. Screening of ENZO®’7* library (774 compounds) included three 384-well plates, two
of which are shown here (A, B). Enzymatic SEAP signals were detected in cellular supernatants of non-polarized and non-treated (MO control; 16 wells) and M1-polarized
either with DMSO (M1, DMSO; 16 wells), compound (M1, compound; up to 336 wells), or TSA (M1, TSA; 4 wells) pre-treated THP-1 reporter M. As primary screening was
performed twice, SEAP signals from read 1 are plotted versus corresponding signals from read 2. Compounds showing strong activatory or inhibitory effect on SEAP secretion
level were identified in areas over (n + 1/2/3xSD, black line) or under (n — 1/2xSD, green line) up to three SDs of mean, calculated for “M1, DMSQ” (solvent control) condition
(n, read line), respectively. Selected compounds (red circles) were summarized in Table 3.3 (chapter 3.3.1).
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8.6.2 Hit compound confirmation

During HTS for CEBPD-modulating compounds, 18 compounds were selected: nine with
the highest and nine with the lowest SEAP signals (chapter 3.3.1, Table 3.3). To confirm
the observed compound-mediated effects, THP-1 reporter cells were treated with se-
lected compounds in a 96-well format according to the developed screening protocol
(chapter 2.39.2). Enzymatic SEAP signals (Fig.8-11A, B) were normalized to a correspond-

ing cell number values determined by CellTiter-Glo® assay (Fig.8-11C, D).
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Figure 8-13: Conformational analysis of selected compounds from LOPAC®!?%0 and ENZO®77* libraries:
THP-1 reporter cells were PMA-differentiated and treated with selected compounds from LOPAC®2% (A,
C) and ENZO®"74 (B, D) libraries in a 96-well format, as described previously (chapter 2.39.2). SEAP signals
(A, B), detected in response to the pre-treatment with activatory- (red bars), A-ranked (red dotted bars),
or inhibitory-acting (green bars) compounds, were normalized to corresponding cell number values de-
tected by CellTiter-Glo® assay (CTG) (C, D). Non-polarized and non-treated THP-1 reporter M repre-
sented MO control condition (grey bars), while M1-polarized and DMSO-treated THP-1 reporter M rep-
resented solvent control condition (blue bars). A, B: Chemiluminescent SEAP assay. LOPAC®!?% (A) and
ENZO®77* (B) compound-mediated changes in SEAP secretion level were determined in cellular superna-
tants of corresponding THP-1 reporter M@. C, D: Chemiluminescent CTG assay. LOPAC®?8 (C) and
ENZO®’7* (D) compound-mediated changes in cell number were determined in lysates of corresponding
THP-1 reporter M. Data represent mean * SD of 9 to 30 single wells per condition.
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8.6.3 Signal correlation

Eightteen compounds were selected during HTS for CEBPD-modulating compounds,
which was performed in 384-well format twice (read 1 and read 2). Their effects on SEAP
secretion were further evaluated by hit conformation and hit characterization, per-
formed in 96- and 24-well formats, respectively. Correlation between corresponding
SEAP signals (Fig.8-14) may indicate reproducibility and therefore reliability of the per-

formed screening assay.
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Figure 8-14: Correlation between compound-mediated SEAP readouts. A, B, C: Spearman rank correla-
tion statistical analysis. Coefficient of correlation, degrees of freedom, p-values, as well as equation and
R-square of trend lines are displayed on individual graphs. A: Correlation of compound-caused SEAP en-
zymatic signals between read 1 and read 2 (HTS). B: Correlation of compound-caused SEAP enzymatic
signals between read 2 (HTS) and 96-well format (hit confirmation). C: Correlation of compound-caused
SEAP enzymatic signals between 96- (hit confirmation) and 24-well formats (hit characterization).
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8.6.4 Hit compound characterization via RT-qPCR

Gene expression analysis by real-time quantitative PCR in THP-1 reporter M required
selection of robust and reliable house-keeping genes. Ribosomal protein 37A (RPL37A)
and B-actin (ACTB) are reported to display the highest stability during differentiation of
THP-1 M@.?1° In my experimental setting, following factors needed to be considered ad-
ditionally: i) lack of introns in CEBPD gene and ii) presence of pseudo-genes in THP-1

reporter cells.

For an appropriate RT-gPCR analysis it was crucial that the tested sample is not contam-
inated with genomic DNA (gDNA) and the obtained RT-qPCR product originates defi-
nitely from cDNA. Potential gDNA contamination can be detected by a special primer
design, when gene-specific forward and reverse primers locate in two different exons
and flank at least one intron. However, such primer design is only possible for intron-
containing genes like RPL37A (Fig.8-15A), which RT-gPCR product from cDNA is much
smaller relative to this from gDNA (Fig.8-15D). For the intronless CEBPD gene
(Fig.8-15B), the RT-gPCR products from cDNA and gDNA are of the same size (Fig.8-15E).
Additionally, some house-keeping genes like ACTB exist as intronless pseudo-genes in
the genome of THP-1 reporter cells. The RT-gPCR products from cDNA and gDNA of ACTB
gene (Fig.8-15C) were also of the same size (Fig.8-15F). During RT-gPCR analysis of hit
compound-mediated effects on gene expression in THP-1 reporter M (cf. chapter 3.4),
each RT-gPCR sample was tested according to the gDNA contamination using RPL37A

primer pair.

RPL37A was also used as a house-keeping gene, but only for the samples, which were
collected 4 hours after M1 treatment. Ct values of RPL37A were significantly higher rel-
ative to corresponding Ct values of MO condition (Fig.8-15G), 24 hours after M1-treat-
ment. Instead, ACTB was used as a house-keeping gene for samples, which were col-
lected at the later time point, as ACTB Ct values were stable relative to the MO condition

at both time points tested (Fig.8-15H).
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Figure 8-15: Selection of house-keeping genes for RT-qPCR. A, D: When forward and reverse primers
locate in two different exons and flank at least one intron (A), the resulting RT-qPCR products from cDNA
and gDNA differ in their size: a bigger product originates from gDNA and a smaller product - from cDNA,
as shown for an intron-containing RPL37A gene (D). B, E: For intronless genes like CEBPD (B), the RT-gPCR
products that originate from the gDNA or cDNA are of the same size (E). C, F: Also pseudo-genes, which
are expressed in the genome in their intronless version (C), display equal-sized RT-qPCR products from
gDNA and cDNA, as shown for ACTB (F). G, H: THP-1 reporter cells were PMA-differentiated and then
M1-polarized by treatment with 0.1 ug/mL LPS + 20 ng/mL IFN-g for 24 hours. Ct values of RPL37A (G) and
ACTB (H) house-keeping genes were analysed in lysates of non-polarised and non-treated (MO condition)
or M1-polarized (M1 condition) THP-1 reporter M, at indicated time points after M1 treatment. G: Time-
dependent differences of RPL37A Ct values in M1 condition were analysed via ordinary One Way ANOVA
with Dunnett’s correction for multiple comparisons. Time-dependent differences of RPL37A Ct values in
MO condition were analysed via Kruskal-Wallis test with Dunnett’s correction for multiple comparisons.
Data represent mean * SD of six independent experiments. H: Time-dependent differences of ACTB Ct
values in M1 and MO conditions were analysed via Kruskal-Wallis test with Dunnett’s correction for mul-
tiple comparisons. Data represent mean + SD of 20 independent experiments. ****p < 0.0001; ns: not
significant; m: 50 bp DNA marker; bp: base pairs.
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8.7 Analysis of TSA- and vorinostat-mediated effects in a longitudinal
study

The observed TSA- and vorinostat-mediated effects on SEAP secretion and gene expres-
sion of endogenous CEBPD, reporter CEBPD::SEAP, and CCL2 (chapter 3.4, Fig.3-18), |

further analyzed in a longitudinal study (Fig.8-36).

Gene expression of endogenous CEBPD, reporter CEBPD::SEAP, and CCL2 was signifi-
cantly induced by M1 treatment, 3 and 6h after M1 treatment (Fig.8-36A, B, C, blue
bars). The M1 treatment-mediated induction of endogenous CEBPD gene expression
was completely abolished by vorinostat and TSA, while this of reporter CEBPD::SEAP was
largely unaffected, at 1, 3, and 6h time points (Fig. 8-36A, B, red and orange bars). Vori-
nostat and TSA significantly reduced gene expression of CCL2 at all time points tested
(Fig.8-36C, red and orange bars). Changes in SEAP secretion level were detected every 3
hours in cellular supernatants of non-polarized (MO control) and M1 polarized THP-1
reporter Me, for 24 hours. SEAP secretion was significantly upregulated by vorinostat

and TSA at the later (18 to 24h) time points tested (Fig.8-36D, red and orange lines).
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Figure 8-16: Effect of TSA and vorinostat on gene expression and SEAP secretion. Target THP-1 reporter
cells were PMA-differentiated, seeded in a 24-well format, and treated as described previously (chapter
2.39.4). A, B, C: Changes in gene expression of endogenous CEBPD (A), reporter CEBPD::SEAP (B), and
CCL2 (C) were analyzed in cell lysates of non-polarized (MO control) and M1-polarized DMSO-, TSA- (0.5
KUM), and vorinostat- (10 uM) pre-treated reporter cells at indicated time points. Gene expression analysis
was performed via RT-gPCR (AACt method) using RPL37A as a house-keeping gene. Fold change in gene
expression is displayed relative to minus M1 condition, detected one hour post-treatment and set as 1.
M1 treatment-mediated induction in gene expression (difference between minus M1 and plus M1, DMSO)
was analyzed via Wilcoxon signed-rank test (1.00 as hypothetical value). Compound-mediated changes in
gene expression in comparison to DMSO were analyzed either ordinary one-way ANOVA, Brown-Forsythe
and Welch ANOVA test with Dunnett’s correction, or Kruskal-Wallis test with Dunn’s correction for mul-
tiple comparisons. D: SEAP reporter secretion was monitored in cellular supernatants of corresponding
reporter M@, every 3h over 24h. Changes in SEAP secretion were analyzed in comparison to DMSO control
condition via ordinary one-way ANOVA Dunnett’s correction or Kruskal-Wallis test with Dunn’s correction
for multiple comparisons. A, B, C, D: Data represent mean * SD of three single wells per condition, meas-
ured in duplicates. *p < 0.05; **p < 0.005; ***p < 0.001; ****p < 0.0001; ns: not significant
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8.8 Cloning strategies

8.8.1 Cloning strategy of pcDNA3.1(-)-G2P-based vectors

HEK293T reporter cells stably expressing pcDNA3.1(-)-G2P-SEAP-myc and pcDNA3.1(-)-
G2P-Gaussia-myc vectors (Table 8.2) were generated to characterize SEAP and GLuc en-

zymatic assays (chapter 3.2.1.1). pcDNA3.1(-)-G2P served as a backbone (Table 8.1).

Table 8.1: Cloning of pcDNA3.1(-)-G2P vector.

cloning strategy
bacterial strains used

backbone preparation

backbone, bacterial strain

used restriction enzymes
digested backbone size

insert preparation
template vector
insert generation via
primers

insert encodes

insert size

digested insert size
ligation type
transformation type
selection antibiotic
positive clone selection
sequencing primers

final plasmid, size

standard, using restriction enzymes
SCS110

pcDNA3.1(-) (Fig.8-17), SCS110
BsaBl, BstBI
4603 bp

pX335A-G2P (Fig.8-24)

PCR, HD Advanced polymerase

F: G2P_BsaBl; R: G2P_BstBI

(Table 2.10)

BsaBI-G2P-BstBlI

1458 bp

1437 bp

T4 ligase ligation

heat-shock, SCS110 bacteria

100 pg/mL ampicillin

restriction digestion after Holmes and Quigley prep
F: pcDNA_G2P_sv40; R: pcDNA_G2P
(Table 2.11)

pcDNA3.1(-)-G2P (Fig.8-29); 6,041 bp

Table 8.2: Cloning of pcDNA3.1(-)-G2P-GLuc-myc and pcDNA3.1(-)-G2P-SEAP-myc vectors.

cloning strategy
bacterial strains used

backbone preparation

backbone, bacterial strain

used restriction enzymes

digested backbone size

preparation of inserts
template vectors

standard, using restriction enzymes
SCS110, DH5a

pcDNA3.1(-)-G2P (Fig.8-29), SCS110

BamHI-HF, HindllI-HF for Gaussia insert;

Xhol, HindllI-HF for SEAP insert

6023 bp for Gaussia insert; 5967 bp for SEAP insert

pCMV-Gaussia (Fig.8-28) for Gaussia insert;

172



insert generation via

primers

inserts encode
PCR-generated insert size
digested insert sizes
ligation type
transformation type
selection antibiotic
positive clone selection
sequencing primers

final plasmids, size
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wt-SEAP-myc (Fig.8-18) for SEAP insert

PCR, HD Advanced polymerase for Gaussia-myc insert;
restriction digestion for SEAP-myc insert

F: Gaussia_myc; R: Gaussia_myc_Hindlll

(Table 2.10)

BamHI-Gaussia-myc-Hindlll *; SEAP-myc **

613 bp *

601 bp *, 1563 bp **

T4 ligase ligation

heat-shock, DH5a bacteria

100 pg/mL ampicillin

restriction digestion after Holmes and Quigley prep
F: seq_CMV_TB; F: seq_Gaussia; R: BGH_Poly
(Table 2.11)

pcDNA3.1(-)-G2P-GLuc-myc (Fig.8-30); 6,624 bp
pcDNA3.1(-)-G2P-SEAP-myc (Fig.8-31); 7,530 bp

8.8.2 Cloning strategy of SP-SEAP-myc-NLS-mCherry vectors

HEK293T reporter cells transiently expressing pmCherry-SP-SEAP-myc-NLS vectors were

generated to evaluate SP-specific differences in protein targeting efficiency toward ER

(chapter 3.2.2.1). SEAP-myc secreted reporter protein, carrying no (delta, A), wild type

(wt), AJAP-1 (shrew-1), prion (Prp), or prolactin (Prl) SPs, was N-terminally fused to a

nuclear localization signal (NSL) and red fluorescent protein mCherry (Table 8.3). These

vectors were cloned by Holger Jordan (Fraunhofer IME-TMP, Frankfurt am Main).

Table 8.3: Cloning of pmCherry-SP-SEAP-myc-NLS vectors.

cloning strategy
bacterial strains used

backbone preparation
backbone, bacterial strain
used restriction enzymes
digested backbone size

insert preparation
template vectors

insert generation via
primers
inserts encode

standard, using restriction enzymes
DH5a

pmCherry-N1 (Fig.8-27), DH5a
Nhel, Kpnl
4664 bp

wt-SEAP-myc (Fig.8-18), ASP-SEAP-myc (Fig.8-19),
shrew-1-ASP-SEAP-myc (Fig.8-20), Prl-ASP-SEAP-myc
(Fig.8-21), Prp-ASP-SEAP-myc (Fig.8-22)

PCR, HD Advanced polymerase

F: uni_Nhel; R: myc_NLS_mCherry (Table 2.10)
wt-SEAP-myc-NLS (wt), ASP-SEAP-myc-NLS (A), shrew-
1-SEAP-myc-NLS (shrew-1), Prl- SEAP-myc-NLS (Prl),
Prp-SEAP-myc-NLS Prp)
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1647 bp (wt), 1599 bp (4), 1744 bp (shrew-1), 1666 bp
(Prl), 1648 bp (Prp)

1613 bp (wt), 1565 bp (4), 1710 bp (shrew-1), 1632 bp
(Prl), 1614 bp (Prp)

T4 ligase ligation

heat-shock, DH5a bacteria

30 pug/mL kanamycin

restriction digestion after Holmes and Quigley prep

F: seq_CMV; R: seq-mCherry

(Table 2.11)

pmCherry-wt-SEAP-myc-NLS (Fig.8-32); 6,349 bp
pmCherry-ASEAP-myc-NLS (Fig.8-33); 6,231 bp
pmCherry-shrew-1-SEAP-myc-NLS (Fig.8-34); 6,376 bp
pmCherry-Prp-SEAP-myc-NLS (Fig.8-35); 6,280 bp
pmCherry-Prl-SEAP-myc-NLS (Fig.8-36); 6,298 bp

8.8.3 Cloning strategy of pSEW-eGFP-based viral vectors encoding SEAP and GLuc

THP-1 reporter cells stably expressing pSEW-eGFP-based vectors encoding SEAP and

GLuc reporter proteins were generated to evaluate the use of SEAP and GLuc reporters

in the screening assay (chapter 3.2.1.2) and were used to evaluate relative CEBPD pro-

moter strength (chapter 8.3, Fig.8-6). THP-1 reporter cells stably expressing pSEW-eGFP-

CMV-GLuc-myc-CEBPD-SEAP-myc vector were used for screening. Final constructs

(Table 8.5) were generated using intermediate vectors that express SEAP or GLuc under

CMV promoter (Table 8.4), generated first.

Table 8.4: Cloning of pSEW-eGFP-CMV-SEAP-myc and pSEW-eGFP-CMV-Gaussia-myc vectors.

cloning strategy
bacterial strains used

backbone preparation
backbone, bacterial strain
used restriction enzymes
digested backbone size

insert preparation
template vector

inserts generation via
first round PCR
primers

standard, using restriction enzymes
SCS110, DH5a

pSEW-eGFP (Fig.8-23), SCS110
Kfll, EcoRl
9373 bp

pcDNA3.1(-) (Fig.8-17) for CMV promoter, pcDNA3.1(-
)-G2P-GLuc-myc (Fig.8-31) for Gaussia-myc,
pcDNA3.1(-)-G2P-SEAP-myc (Fig.8-30) for SEAP-myc
two-round PCR, HD Advanced polymerase

F: Kfll-CMV-Space; R: Space-SPg; F: Space_SPg; R: BGH
poly EcoRl; R: Space-SPs; F: Space_SPs
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(Table 2.10)

Kfll-CMV promoter *, SEAP-myc-bGH poly(A)-EcoRI **,
Gaussia-myc- bGH poly(A)-EcoRI ***

687 bp *, 887 bp ***;

690 bp *, 1856 bp **

contain overlapping regions to be used as template in
second round PCR

F: Kfll-CMV-Space; R: BGH poly EcoRI

F: PCR_KflI-CMV-Space, R: PCR_BGH poly EcoRl
Kfll-CMV-SEAP-myc bGH poly(A)-EcoRI *
Kfll-CMV-Gaussia-myc bGH poly(A)-EcoRI **

2493 bp *; 1524 bp **

2462 bp *; 1493 bp **

T4 ligase ligation

heat-shock, DH5a bacteria

100 pg/mL ampicillin

restriction digestion after Holmes and Quigley prep
F: seq_pSEW_GFP; seq_CEBPD_viral_5; seq_CEBPD_vi-
ral_2; seq_CEBPD_viral_3; (Table 2.11)

pSEW-eGFP-CMV-SEAP-myc; 11,830 bp
pPSEW-eGFP-CMV-GLuc-myc; 10,867 bp

Table 8.5: Cloning of pSEW-eGFP-CMV-GLuc-myc-CEBPD-SEAP-myc and pSEW-eGFP-CMV-SEAP-myc-

CEBPD-GLuc-myc constructs.

cloning strategy
bacterial strains used

backbone preparation
backbones, bacterial strain

used restriction enzymes

digested backbone sizes

insert preparation
template vector

inserts generation via
first round PCR
primers

inserts encode

standard, using restriction enzymes
DH5a

pSEW-eGFP-CMV-SEAP-myc *, DH5a
pSEW-eGFP-CMV-GLuc-myc **, DH5a
Xhol, Acc65I

11,811 bp *;

10,848 bp **

pcDNA3.1(-) (Fig.8-17) for SV40 early polyA,
pcDNA3.1(-)-G2P-GLuc-myc (Fig.8-31) for Gaussia-myc,
pcDNA3.1(-)-G2P-SEAP-myc (Fig.8-30) for SEAP-myc,
BAC clone CH17-293N3 for CEBPD promoter
three-round PCR, HD Advanced polymerase

F: Xhol SV40 poly; R: SV40 poly BGH poly; F: gaussia
backbone-CEBPD; R: SEAP-myc-CEBPD

(Table 2.10)

Xhol-SV40 early poly(A), CEBPD promoter
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second round PCR

primers F: BGH poly SV40 poly; R: Acc65! CEBPD sv40

inserts encode Acc65I-CEBPD-SEAP-myc-bGH poly(A);
Acc651-CEBPD-Gaussia-myc-bGH poly(A)

third round PCR

primers F: Xhol SV40 poly; R: Acc65! CEBPD sv40

inserts encode Acc651-CEBPD-SEAP-myc-bGH poly(A)- SV40 early
poly(A)-Xhol *;
Acc651-CEBPD-Gaussia-myc-bGH poly(A) SV40 early
poly(A)-Xhol **

final insert sizes 2303 bp *, 1340 bp **

digested insert sizes 2286 bp *, 1329 bp **

ligation type T4 ligase ligation

transformation type heat-shock, DH5a bacteria

selection antibiotic 100 pg/mL ampicillin

positive clone selection restriction digestion after Holmes and Quigley prep
sequencing primers seq_CEBPD_viral_4; seq_CEBPD_viral_3; seq_CE-

BPD_viral_2; R: gPCR_SEAP_WT; seq_CEBPD_viral_6;
R: PCR_SEAP_space
(Table 2.11)

final plasmids, size PSEW-eGFP-CMV-GLuc-myc-CEBPD-SEAP-myc
(Fig.8-37); 13,134 bp; pSEW-eGFP-CMV-SEAP-myc-CE-
BPD-GLuc-myc (Fig.8-38); 13,140 bp

8.8.4 Cloning strategy of the multi-gene-reporter cassette 2.0 in pcDNA3.1(-) backbone
The multi-gene-reporter cassette 2.0 was constructed in pcDNA3.1(-) backbone, which
is easy to propagate in DH5a E.coli as a high-copy plasmid. Due to its structural com-
plexity, multi-gene-reporter cassette 2.0 was cloned over three steps: i) generation of
pcDNA3.1(-)-CMV-GLuc-myc vector (Table 8.6); ii) generation of pcDNA3.1(-)-H2G-NLS-
CMV-GLuc-myc vector (Table 8.7); iii) generation of pcDNA3.1(-)-Prp-SEAP-myc-NLS-
H2G-NLS-CMV-GLuc-myc vector (Table 8.8).

Table 8.6: Cloning of pcDNA3.1(-)-CMV-GLuc-myc vector.
cloning strategy standard, using restriction enzymes

bacterial strains used DH5a

backbone preparation

backbone, bacterial strain pcDNA3.1(-) (Fig.8-17),DH5a
used restriction enzymes Xhol, EcoRV
digested backbone size 5402 bp

insert preparation
template vector pSEW-eGFP-CMV-GLuc-myc
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PCR, Q5 High-Fidelity DNA polymerase
F: Xhol_pA_GLuc; R: EcoRV_CMV
(Table 2.10)
EcoRV-CMV-GLuc-myc-Xhol

1497 bp

1482 bp

NEB Quick ligation
heat-transformation

100 pg/mL ampicillin

colony PCR

F: PGK_bGH; R: ECORV_CMV

(Table 2.31)

restriction digestion after Holmes and Quigley prep
F: gPCR_Gaussia; R: gPCR_Gaussia
(Table 2.11)

pcDNA3.1(-)-CMV-GLuc-myc; 6,884 bp

Table 8.7: Cloning of pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc vector.

cloning strategy
bacterial strains used

backbone preparation
backbone, bacterial strain
used restriction enzymes

digested backbone size

insert preparation
template vector

inserts generation via
first round PCR
primers

inserts encode

insert sizes

second round PCR

primers
insert encodes
insert size

third round PCR

assembly
DH5a

pcDNA3.1(-)-CMV-GLuc-myc, DH5a
Xhol
6884 bp

pcDNA3.1(-)-G2P (Fig.8-29) for copGFP and bGH
poly(A)

pR6k(hygro)-bglobin (Fig.8-25) for hygromycin re-
sistance

three-round PCR, Q5 High-Fidelity DNA polymerase

F: T2A_hygro; R: bGH_PGK; F: pcDNA_G2H; R:
NLS_bGH; F: bGH_NLS_cGFP; R: GFP_NLS; R:
T2A_cGFP

(Table 2.10)

PGK-em7-hygromysin-T2A *, bGH poly(A) **, copGFP-
NLS ***; with overlapping regions

1685 bp *, 353 bp **, 844 bp ***

F: bGH_NLS; R: bGH_PGK
PGK-em7-hygromysin-T2A-copGFP-NLS
2498 bp
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primers

insert encodes

insert size

ligation type
transformation type
selection antibiotic
positive clone selection

sequencing primer

final plasmid, size
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F: pcDNA_G2H; R: bGH_PGK
PGK-em7-hygromysin-T2A- copGFP-NLS-bGH poly(A)
2812 bp

NEB Assembly

heat-transformation

100 pg/mL ampicillin, 50 ug/mL hygromycin

colony PCR

F: Xho_pA_GLuc; R: bGH_PGK

(Table 2.15)

F: pcDNA_G2H; R: bGH_PGK; R: T2A_cGFP; F: T2A_hy-
gro

(Table 2.11)

pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc (Fig.8-39);
9,649 bp

Table 8.8: Cloning of pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector.

cloning strategy
bacterial strains used

backbone preparation

backbone, bacterial strain

used restriction enzymes
digested backbone size

insert preparation
template vector
inserts generation via
primers

inserts encode
insert size

ligation type
transformation type

selection antibiotic
positive clone selection

sequencing primer

final plasmid, size

assembly
DH5a

pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc (Fig.8-39), DH5a
Xhol, Nhel-HF
9623 bp

pmCherry-Prp-SEAP-myc-NLS (Fig.8-35)
PCR, Q5 High-Fidelity DNA polymerase

F: pcDNA_Prp; R: SV40_Poly_pcDNA

(Table 2.10)

Prp- SEAP-myc-NLS-mCherry-SV40 poly(A), with over-
lapping regions on backbone

2623 bp

NEB Assembly

heat-transformation

100 pg/mL ampicillin, 50 ug/mL hygromycin
colony PCR

F: Nhe_Prp_SEAP; R: Xho_SV40

(Table 2.15)

R: SV40_Poly_pcDNA; R: seq-mCherry; F:
gPCR_SEAP_WT; R: qPCR_SEAP_WT

(Table 2.11)

pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-
myc (Fig.8-40); 12,222 bp
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8.8.5 Cloning strategy of multi-gene-reporter cassette 2.0 in pR6k backbone

To generate a reporter BAC vector via homolog recombination, it is obligatory to use
pR6k-based vector as a template for the insert generation via PCR (chapter 2.25.2). The
Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector was generated (Table 8.9) encoding

the constructed multi-gene-reporter cassette 2.0 in a pR6k backbone.

Table 8.9: Cloning of pR6k-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector.

cloning strategy
bacterial strains used

backbone preparation

backbone, bacterial strain

used restriction enzymes
digested backbone size
insert preparation
template vector

inserts generation via
primers

inserts encode
insert size

ligation type
transformation type

selection antibiotic
positive clone selection

sequencing primer

final plasmid, size

in vivo assembly
PIR1

pR6k(hygro)-bglobin (Fig.8-25)
Sacl-HF, Bmtl-HF
4785 bp

pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-
myc (Fig.8-40)

PCR, AccuPrime PfxSuperMix

F: Bmtl_GLuc; R: Prp_Sacl

(Table 2.10)

Prp-SEAP-myc-NLS-mCherry-SV40 poly(A)-bGH
poly(A)-H2G-NLS-CMV-GLuc-myc-bGH poly(A), with
overlapping regions on backbone

6893 bp

in vivo assembly

heat-transformation

100 pg/mL ampicillin, 50 ug/mL hygromycin

colony PCR

F: Nhe_Prp_SEAP; R: Xho_SV40

(Table 2.15)

R: SV40_Poly_pcDNA; R: seq-mCherry; F:
qPCR_SEAP_WT; R: qPCR_SEAP_WT

(Table 2.11)

pR6k-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc,
(Fig.8-41); 11,632 bp

8.8.6 Cloning strategy of multi-gene-reporter cassette 2.0 under control of CEBPD pro-
moter in pcDNA3.1(-) backbone
HEK293T reporter cells transiently expressing the multi-gene-reporter cassette 2.0 were

generated to test its functionality in-vitro (chapter 3.2.2.2). To do so, the multi-gene-
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reporter cassette 2.0 was set under control of the defined CEBPD promoter and ex-

pressed on the pcDNA3.1(-) backbone (Table 8.10).

Table 8.10: Cloning of pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector.

cloning strategy
bacterial strains used

backbone preparation

backbone, bacterial strain

used restriction enzymes
digested backbone size

insert preparation
template vector

inserts generation via
primers

inserts encode
insert size

ligation type
transformation type

selection antibiotic
positive clone selection

sequencing primer

final plasmid, size

NEB assembly
DH5a

pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-
myc (Fig.8-40), DH5a

Sspl-HF, Bmtl-HF

11,204 bp

pSEW-eGFP-CMV-GLuc-myc-CEBPD-SEAP-myc
(Fig.8-37)

PCR, AccuPrime PfxSuperMix

F: PCR_CEBPD_cassette; R: PCR_CEBPD_cassette
(Table 2.10)

CEBPD promoter, with overlapping regions on back-
bone

385 bp

NEB Assembly

heat-transformation

100 pg/mL ampicillin, 50 ug/mL hygromycin

colony PCR

F: PCR_CEBPD_cassette; R: gPCR_SEAP_WT

(Table 2.15)

test restriction digestion after plasmid DNA mini prep
R: SV40_Poly_pcDNA; R: seq-mCherry; F:
gPCR_SEAP_WT; R: qPCR_SEAP_WT,; R: bGH_PGK; R:
T2A_cGFP; F: T2A_hygro; F: seq_BAC_4; F:
seq_test_BAC_2; F: qPCR_Gaussia; R: gPCR_Gaussia
(Table 2.11)

pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-H2G-NLS-
CMV-GLuc-myc (Fig.8-42); 11,538 bp
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Below are shown plasmid maps (Fig.8-17 to 8-42) of in Table 2.12 and 2.13 (chapter 2.9)

listed plasmids. Plasmid maps show only sequences, which were relevant for cloning.

List of abbreviations.

abbreviation

meaning

ampicillinR
AraC

bGH poly(A)
CMV enhancer
CMV promoter
copGFP

eGFP

em 7 promoter
FRT
hygromycinR
MCS
neomycin/kanamycinR
NLS

PGK promoter
puromycinR
Rékg_origin
RecA

RRE

SFFVp promoter
SpP

T2A

T7 promoter

tetracyclinR

viral regulatory sequences

WPRE

ampicillin resistance gene

arabinose operon regulatory protein

bovine growth hormone polyadenylation signal
cytomegalovirus enhancer

cytomegalovirus promoter

copepod green fluorescent protein

enhanced green fluorescent protein

bacterial em7 promoter

flippase recognition target

hygromycin resistance gene

multiple cloning site

neomycin and kanamycin resistance gene
nuclear localization signal

phosphoglycerate kinase promoter

puromycin resistance gene

origin of replication for pR6k plasmids

Protein for repair and maintenance of bacterial DNA
HIV-1 Rev response element

lenti-viral promoter

signal peptide

self-cleavage peptide

phage T7 promoter

tetracycline resistance gene

3A’SIN, psi, PBS, U5, R, 5°LTR

Woodchuck Hepatitis Virus (WHP) posttranscriptional regulatory ele-

ment
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pcDNA3.1(-)

5427 bp

(2945) BstBI
Figure 8-17: Plasmid map of pcDNA3.1(-) backbone vector.

. MCs”
\ /‘}—/ XhoI (921)

pcDNA3.1(-)-wt-SEAP-myc
6916 bp

— HIindIII (2484)
'MCS

Figure 8-18: Plasmid map of wt-SEAP-myc vector in pcDNA3.1(-) backbone.
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pcDNA3.1(-)-delta-SEAP-myc
6868 bp

pcDNA3.1(-)-shrew-1-deltaSP-SEAP-myc
7013 bp

Figure 8-20: Plasmid map of shrew-1-ASP-SEAP-myc vector in pcDNA3.1(-) backbone.
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pcDNA3.1(-)- PrP-deltaSP-SEAP-myc
6917 bp

Figure 8-22: Plasmid map of Prp-ASP-SEAP-myc vector in pcDNA3.1(-) backbone.
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(7745) ECORI-_ /
/

(7459) KFII—

pSEW-eGFP
9659 bp

pX335A-G2P
10.827 bp

Lr,
o,
/- Moter

<
MScvmu pro\""dLe

MCS
Figure 8-24: Plasmid map of pX335A-G2P vector.
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——— BmtI (1697)

(3354) Sacl

Figure 8-25: Plasmid map of pR6k(hygro)-bglobin vector.
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Figure 8-26: Plasmid map of pSC101-gbaA vector.
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_Nhel (591)
N\ _ KpnI (649)

pmCherry-N1
4724 bp

pCMV-Gaussia
5483 bp

Figure 8-28: Plasmid map of pCMV-Gaussia vector.
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XhoI (921)
BamHI (977)
HindIII (995)

pcDNA3.1(-)-G2P
6041 bp

pcDNA3.1(-)-G2P-SEAP-myc
7530 bp

Figure 8-30: Plasmid map of pcDNA3.1(-)-G2P-SEAP-myc vector.
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— HIndIII (1578)

pcDNA3.1(-)-G2P-Gaussia-myc
6624 bp

pmCherry-wt-SEAP-myc-NLS
6351 bp

- ~,\ —

Figure 8-32: Plasmid map of pmCherry-wt-SEAP-myc-NLS vector.
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pmCherry-delta-SEAP-myc-NLS
6231 bp

pmCherry-shrew-1-SEAP-myc-NLS
6376 bp

KpnI (2301)

Figure 8-34: Plasmid map of pmCherry-shrew-1-SEAP-myc-NLS vector.
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pmCherry-Prp-SEAP-myc-NLS
6280 bp

SV40 poly(A)

pmCherry-Pri-SEAP-myc-NLS
6298 bp

NLS

KpnI (2223)
SV40 poly(A)

Figure 8-36: Plasmid map of pmCherry-Prl-SEAP-myc-NLS vector.
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(13.036) KfIL Acc651 (0)
(CEBPD mRNA| Vo 3A"SIN

CEBPD pry,
\ peptide

myc tag)

5'\9“3

(10.847) XhoI

(8933) EcoRI ’
bGH poly(A)

(7440) Kfll

PSEW-eGFP-CMV-GLuc-myc-CEBPD-SEAP-myc

13.134 bp

Figure 8-37: Plasmid map of pSEW-eGFP-CMV-GLuc-myc-CEBPD-SEAP-myc vector.

(CEBPD mRNA! 3A"SIN
Gaussia [
myc ta§1‘\ \ \ [

\‘WW CEBPD promoy,

)
G\’\ON ™)

<anal peptide
SN
o

bGH poly(A)

pSEW-eGFP-CMV-SEAP-myc-CEBPD-GLuc-myc

13.140 bp

Figure 8-38: Plasmid map of pSEW-eGFP-CMV-SEAP-myc-CEBPD-GLuc-myc vector.
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pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc
9649 bp

X\
wt signal P°°

Cmy enhancer o
CMV pro

Figure 8-39: Plasmid map of pcDNA3.1(-)-H2G-NLS-CMV-GLuc-myc vector.

Nhel (895)
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30 XhoI (3494)
CX
NLS

mic ta§]

pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc
12.222 bp

Figure 8-40: Plasmid map of pcDNA3.1(-)-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector.
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FRT site|

myc tag

(v)Ajod HOA

’77},0
)

M‘”’OPOMA)
| bGH
B 5

6000

pR6k-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc

11.632 bp

Figure 8-41: Plasmid map of pR6k-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector.

(11.535) SspI CEBPD mRNA

icitinR
205 D promoter
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~ = 7\‘" s ==
myc tag
pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc
11.538 bp

Figure 8-42: Plasmid map of pcDNA3.1(-)-CEBPD-Prp-SEAP-myc-NLS-H2G-NLS-CMV-GLuc-myc vector
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