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ABSTRACT

Atherosclerosis is an inflammatory disease which is initiated by
accumulation of low-density lipoprotein cholesterols in the arterial wall that activate
the endothelium and provoke local vascular inflammation finally leading to the
formation of an atherosclerotic plaque. Nuclear factor kappa B (NF-kB) and
peroxisome proliferator-activated receptor gamma (PPARy) are among the
transcription factors involved in the regulation of inflammation in the development
of atherosclerosis. The aim of this study was to find natural compounds activating
PPARYy and/or inhibiting NF-kB, thus having a potential antiatherosclerosis action.
The selection of natural products or plants was based on ethnopharmacological
and computational approaches.

Screening of natural compounds was performed using appropriate reporter
gene assays in HEK-293 cells. Further mechanistic characterization of some of the
identified compounds was performed in relevant cells models for vascular
inflammation.

Three neolignans from Magnolia officinalis and 6 polyacetylenes from
Notopterygium incisum were identified as activators of PPARy. All those
compounds exhibited maximal activation of PPARYy several folds lower than the full
agonist pioglitazone, and with an activation pattern suggesting partial agonism.
Interestingly, all compounds (except the neolignan magnolol) are selective
agonists of PPARy. Moreover, plumericin and 4 benzofurans isolated from
Himathantus sucuuba and Krameria lappacea, respectively, were discovered as
NF-kB inhibitors. These compounds inhibited TNF-a-induced NF-kB activation in
293/NF-kB-luc cells but showed distinct mode of actions. Plumericin significantly
inhibited IkB-a degradation, whereas KT8 (the most active compound among the 4
benzofurans) failed to do so, suggesting that plumericin targets the proteins
upstream of IkB-a degradation, whereas KT8 might target proteins downstream of
IkB-a within the NF-kB pathway. These findings might contribute to the
development of promising leads for an antiinflammatory therapy, and provide
scientific evidence for the traditional use of the investigated plants against

inflammatory diseases.



ZUSAMMENFASSUNG

Atherosklerose ist eine entzindliche Erkrankung, die durch Akkumulation
von LDL-Cholesterin in der arteriellen Wand ausgel6st wird. Dies aktiviert das
Endothel, ruft eine lokale Gefassentzindung hervor und fuhrt in der weiteren
Folge zur Bildung von atherosklerotischen Plaques. Nuclear factor-kappa B (NF-
kKB) und der Peroxisome proliferator-activated receptor gamma (PPARy) sind
Transkriptionsfaktoren, die an der Regulation dieser Entziindungsprozesse
beteiligt sind. Das Ziel dieser Arbeit war es, Naturstoffe zu finden, die PPARy
aktivieren und/oder NF-kB inhibieren und dadurch eine potentiell
antiatherosklerotische Wirkung besitzen. Die Auswahl des Naturstoffe erfolgte
nach ethnomedizinischen Gesichtspunkten bzw. durch computer-gestitztes
Modelling. Fur die Identifikation von PPAR-Agonisten bzw. NF-kB-Inhibitoren
wurden entsprechende Luciferase-Reportergen-Assays in HEK-293 Zellen
durchgefuhrt. Die weitere Charakterisierung des Wirkmechanismus einiger
identifizierter Substanzen erfolgte in ausgewahlten flr vasculare Entzindung
relevanten Zellmodellen.

Aus Magnolia officinalis and Notopterygium incisum wurden 3 Neolignane
bzw. 6 Polyacetylene als Aktivatoren von PPARY identifiziert. All diese Substanzen
zeigen eine maximale PPARYy Aktivierung, die um ein Vielfaches unter der des
vollen Agonisten Pioglitazon liegt. Ihr Aktivitatsmuster deutet auf einen partiellen
Agonismus hin. Interessanterweise sind all diese Substanzen, ausser Magnolol,
selektive Agonisten von PPARy. Ausserdem wurden Plumericin aus Himathantus
sucuuba und vier Benzofurane aus Krameria lappacea als NF-kB Inhibitoren
identifiziert. Diese Substanzen hemmen die TNF-a induzierte NF-kB Aktivierung in
293/NF-kB-luc Zellen aber zeigen unterschiedliche Wirkmechanismen. Plumericin
hemmt den IkB-a Abbau, wahrend KT8 keinen Einfluss darauf hat. Das deutet
darauf hin, dass Plumericin dem IkB-a vorgeschaltete Proteine im NF-kB
Signalweg beeinflusst, wahrend KT8 ein nachgeschaltetes Protein beeinflusst.
Diese Ergebnisse kdonnten zur Entwicklung vielversprechender Leitsubstanzen zur
Behandlung entzindlicher Erkrankungen beitragen, sowie die wissenschaftliche
Grundlage fir den traditionellen Gebrauch der untersuchten Pflanzen gegen

Entzindungen darstellen.



A. CONTENTS



A. CONTENTS

Table of Contents

AL CONTENTS ..ottt e e e e e e e et e e e e e e e e e e e s nsaeaeeeaaaeeeeannnnsnneees 1
B. INTRODUGTION. ... ..ottt e e e e e e e e e e e e e e s e e nnssnraeeeeaaeeeaannnes 5
P = 7= T3 (o T o T[T PP RO PPRRPRP 5
1.1. Inflammation and atheroSCIEroSIS ............uuuuuuiiiiiiiiiiiiiiiiieaees 5

1.2. Targeting inflammation in atherosclerosis ... 6

2. AIMOFthe WOIK ..o, 7
T L0131 = T 4 =Yt =Y o) o = 7
4. Peroxisome proliferator-activated receptors (PPARS) .........ccoovvviiiviiiiiiiiiiiiiieiieeeeeeeeee, 8
4.1, ACtVatOrs Of PPARS. ... .. 10

4.2, PPARY .t a e e e e eaaens 11

4.3. PPARY and inflammation ...............ouuiiiiiiiiiiiiiiiiiiiiiiiviieeeen e 12

4.4, PPARY @CHVAtOrS.....ccc ettt e e a e aaae 14

4.5. Natural products activating PPARY .......ccooii it 15

5. NF-KB and KB Proteins........ccooiiiiiiiii it 16

Lo T O AN = 2= T [ =1 | 1 o 17

5.2. IKK in the NF-kB signaling pathway...........ccccoooriiiiiiiiii e, 19

5.3. Role of NF-kB in atherosclerosis ... 20

5.4 Inhibitors Of NF-KB .......oooiiiiiiie e 22

6. Drugs from nature targeting inflammation ............cccooiii 24
C. MATERIALS AND METHODS ... e e e e e e e e 28
R 1Y = 1 (=T = 28
1.1. Products and supplier information ..............ccccccevieiiiiiiiiiiiiiiiieenes 28

1.2. Culture medium and SUPPIEMENLS ..........euuviiiiiiiiiiiiiiiiiiiiiieee s 30

1.3. Commercially available KitS............ooiiiiiiiiiii e 32

1.4. Reagents and DUFfers.............oo i 32

1.5, ANEIDOAIES ... 35

1.6. Scientific SOftWAIe ........oooeeeeee e 36

A =Yoo= 1= o BT o] o 1= o | 36

2. MEENOAS ... e 37



2.1. Identification of PPARY @gONiStS.........ccciiiiiiiiiiiiiiiiiee e 37
2.1, HEK-293 CeIIS.....iiiiie et 37
2.1.2. Transient transfection ............coooiuuii i 38
2.1.3. Luciferase reporter gene assay to detect PPARYy activation................. 39
2.1.4.Data @nalySiS........cccuuuiiieiiiiiee e 41
2.1.5. Preparation of charcoal-stripped FBS ..........cccooviiiiiiiiiiiiieeceeeee, 42
2.1.6. DNA plasmid preparation..........cccceueeeeeiiieeiie e ee e e e e 42
2.1.7. PPARY COACHVAtOr @SSAY.....uuiiieeiiieieiiiiieeeeeeie e e e e e e e e e 43
2.1.8. Adipocyte differentiation @ssay ...........cccoeeeeviiiiiiiiiiiiieeee e, 44

2.2. Identification of NF-KB inhibitors ..........ccooooiiiiieee 45
2.2.1. 293/NF-KB-IUC CEIIS ......iieiiiii e 45
2.2.2. Luciferase reporter gene assay to detect NF-kB inhibition................... 45
2.2.3. IKK-B inhibition @SSy .......ccuuiiiiiiiiiiieiiiii e 46
2.2.4. Experiments with endothelial cells. ............cccoooviiiiiiiiiiieeee, 46
2.2.5. Experiments with vascular smooth muscle cells............cccceeevueeiennnn..n. 50
2.2.6. Experiments with RAW 264.7 macrophages .......cccveeieieiiiiieeiiaeeennes 51
2.2.7. Resazurin-staining @SSaY .......cuuieuuiieuiiu e e e 52

2.3, SHALISHICS . 53

. RESULTS .ttt ettt e ettt e e bt e e e ae e e e eme e e e anbeeeameeeeanseeeanseeeanneeean 55
1. Discovery of PPARY @QONISTS ........c.uuuiiiiiiiiiiiiiie et 55

1.1. Optimization of transfection effiCienCy ... 55

1.2. Validation of the bioassay ...........coooiiiiiiiiiii e 56

1.3. Investigation of a PPARy-activating potential of plant extracts.............cc........... 57

1.4. Discovery of PPARYy agonists guided by pharmacophore modeling.................. 59
1.4.1. PPARY ligand binding @ssay ...........cooeeuiiiiiiiiiiiieeeeceeeeeeee e, 60
1.4.2. PPARYy luciferase reporter gene transactivation .......................ooooen.o. 61
1.4.3. Coactivator recruitment @sSay .........ccceuuieeeeiiiiieeeiiie e eeeie e e e 62
1.4.4. Molecular docking studi€s..........ccceuiiiiiiiiiiie e, 63
1.4.5. Selectivity StUAY .......ccoovniiiieeee e, 65
1.4.6. Adipogenic activity in 3T3-L1 preadipoCytes ..........ccoeeeuiieiiienieiniennnes 67

1.5. The effect of PPARYy agonists on the NO production in macrophages............... 69

1.6. The effect of PPARY agonists on the migration of VSMC..............ccccvvvvvvivinnnnn, 70

1.7. Discovery of PPARYy agonists by an ethnopharmacological approach. ............. 70



1.7.1. Pharmacological evaluation of extracts in the PPARy-driven reporter

ENE ASSAY ..evunieirieiitieeeeieee et e e eete e e et e e e et e e et a et e et e et e e 71

1.7.2. Discovery of PPARy agonists from Notopterygium incisum ................. 71

2. Discovery of NF-kB inhibitors ..............cccc 75
2.1. Validation of the bioaSSay .............uuuviiiiiiiiiiiiiiiiiiii e 75

2.2. Investigation of NF-kB inhibitors from plant extracts.............ccccccvviviiiiiiiivinnnnnnn, 76
2.2.1. Discovery of plumericin as a NF-kB inhibitor...............cccoeviiiiiiiinn. 77

2.2.2. Discovery of NF-kB inhibitors from Krameria lappacea ....................... 82

2.3. Identification of an IKK-B inhibitor by a virtual screening approach ................... 84

D. DISCUSSION ..ottt e e e e e et e e e e e e e e e e b eeeaaeeeseeansssaeaeeaaeeaaaans 88
1. Assay optimization and verification................oooviiiiiiiiiiiiiiiiii 88

2. Discovery of PPARy agonists and NF-kB inhibitors from plant extracts................... 89

3. Discovery of neolignans as activators of PPARY ........cccooiiiiiiiiiiiiii e, 89

4. Examination of PPARYy agonists in further cell models relevant for atherosclerosis..92
5. Discovery of polyacetylenes as activators of PPARY .............cccccc, 93
6. Discovery of plumericin as a NF-kB inhibitor......................... 94
7. Discovery of benzofurans as NF-kB inhibitors............cccoooiiiiiiiiiiiiiiiiiieeeee, 96

8. Discovery of a novel IKK-@ inhibitor by ligand-based virtual screening ..................... 96
E. SUMMARY ...ttt e e e e e e e e st e e e e e e e e s s s st e e e eeaaeeeeeaannssaneaeeeeeeaans 99
F.REFERENGES .........cooi ettt e e e e e e e e e e e e e s raeeeeeeeeeeaannes 102
L Y o o = 1 0 T SRR 125
1. SUPPLEMENTARY DATA oottt e et e e e e e e e e e eeeaaaeeas 125
2. ABBREVIATIONS ...ttt ettt e e e e e e et e e e e e e e s e reeeeeaaeeeaanns 146
3. PUBLICATIONS ...ttt e e e e e e ettt e e e e e e e e s n e e e e e e e e eennnnees 150
4. CURRICULUM VITAE ..ottt e e e e e e e e e e e e e e 154
5. ACKNOWLEDGMENTS ...ttt e e e e e e et e e e e e e e e e annnes 156



B. INTRODUCTION



INTRODUCTION

B. INTRODUCTION

1. Background

1.1. Inflammation and atherosclerosis

Inflammation is the body’s response to injury and constitutes to various
chronic diseases and disorders including atherosclerosis. For years, efforts to
understand the role of inflammation in atherosclerosis have flourished. Previously
considered as mere lipid accumulation disease, atherosclerosis is now also seen
as an inflammatory disease due to significant discoveries with respect to the
underlying cellular and molecular mechanisms leading to atherosclerosis.
Scientific evidence has demonstrated the presence of inflammatory markers
during atherogenesis and suggested the association between inflammation and
atherosclerosis [1, 2].

In atherosclerosis, hallmarks of inflammation occur hand-in-hand following
lipid accumulation in the artery wall. Central events in acute as well as chronic
inflammation are the emigration of leucocytes from the blood vessel to the site of
injury and leukocyte activation. These events also occur in the initial steps of
atherogenesis. Under normal condition, leukocytes poorly adhere to the
endothelium surface. However, accumulation of cholesterol-containing low-density
lipoproteins in the intima activates the endothelium, provokes a local vascular
inflammation and initiates atherogenesis. This leads to the production and surface
expression of adhesion molecules such as VCAM-1, ICAM-1 and E-selectin, and
subsequent attachment of leukocytes to endothelial cells which form the inner
layer at the blood vessel. Once attached to the endothelium via adhesion
molecules, leukocytes start to translocate into the intima, a process that is
supported by chemoattractant molecules such as MCP-1. The presence of
chemoattractants in the intima attracts monocytes to migrate into the site of lesion
in the intima and to differentiate into macrophages which produce proinflammatory

proteins and growth factors. Monocytes further undergo a series of phenotypic
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changes and engulf the oxidized LDL to differentiate into foam cells loaded with
massive cholesterol accumulation. Foam cells produce a variety of growth factors
and cytokines that induce VSMC proliferation and migration. In addition,
metalloproteinases which are responsible for matrix degeneration are also
produced. Eventually, an atherosclerotic plaque is formed and leads to narrowing
of the artery. Therefore, atherosclerosis is appropriately regarded as an
inflammatory process [3-6].

Proinflammatory proteins contribute not only to the development of atheroma
but also to the complications of atherosclerosis. Exaggerated inflammatory
activation can lead to local proteolysis, plaque rupture, and thrombus formation.

These events indicate that inflammation plays a vital role in atherosclerosis [1, 7].

1.2. Targeting inflammation in atherosclerosis

The important role of inflammation in the progression of atherosclerotic
plagues has been investigated and has gained increased interest [1]. Current
understanding on the nature of atherosclerosis and its pathogenesis has led to the
identification of novel therapeutic targets. There is a firm indication that targeting
inflammation is a promising approach for chronic inflammatory diseases such as
atherosclerosis [8, 9].

Many studies have suggested that interference with the transcription of
proinflammatory genes can inhibit atherogenesis. Crucial transcription factors
involved in inflammation are Nuclear Factor Kappa B (NF-kB) with
proinflammatory and Peroxisome Proliferator-Activated Receptor y (PPARY) with
antiinflammatory action. NF-kB represents the predominant transcription factor in
the inflammatory response including the regulation of leukocyte extravasation and
activation. Expression of many genes involved in the inflammatory response such
as those of chemokines (MCP-1, IL-8), cytokines (TNF, IL-1B, IL-6/10/12, IFN-y),
mediator producing enzymes (COX-2, 5-LOX, iNOS), and adhesion molecules
(e.g. E-Selectin, ICAM-1) [10-12] are also regulated by NF-kB.
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PPARYy, a nuclear receptor which serves as a main transcriptional regulator of
genes involved in glucose and lipid metabolism [13] [14], is expressed in VSMC,
the endothelium and macrophages, large intestine, kidney and liver [15-17]. More
importantly, this receptor is reported to interfere with vascular inflammation in the
early development of atherosclerosis by dampening NF-kB-regulated gene

expression [18-20].

2. Aim of the work

Considering the important role of PPARy and NF-kB in the regulation of
inflammation, the main aim of this study was to identify and characterize natural
products with a promising antiinflammatory profile by targeting PPARy and the NF-
kKB signalling pathway. A computational and an ethnopharmacological approach
were hereby used to identify novel PPARy agonists and NF-kB inhibitors from
medicinal plants. Further mechanistic characterization and validation of the active

compounds were also performed in relevant cell for atherosclerosis.

3. Nuclear receptors

Nuclear receptors are ligand-dependent transcription factors which have an
important role in development, endocrine signalling and metabolism. They bind to
DNA as monomer, homodimer, or heterodimer and affect gene transcription in
conjunction with a variety of cofactors or coactivators. The main function of nuclear
receptors is to mediate transcriptional activity through the recruitment of positive or
negative regulatory proteins, termed as coactivators or corepressors, respectively,
in response to hormones and other metabolic ligands. The recruitment of
corepressor complexes is a crucial step in mediating active repression of
unliganded nuclear receptors whereas the recruitment of coactivator complexes
mediates ligand-induced transcriptional activity. There are around 50 members of

the nuclear receptor family in humans that regulate a complex genetic network in
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which the physiological responses are defined by their coordinated activity. Some
nuclear receptors are ligand-inducible transcription factors, while others lack
identified ligands and are termed “orphan” receptors [21-23].

The activity of nuclear receptors is regulated by at least three different
mechanisms: 1) binding of a small lipophilic ligand to the receptor and
heterodimerization with its partner; 2) covalent modification, usually
phosphorylation occurring at the cellular membrane or during the cell cycle; and 3)
interactions with other transcription factors including nuclear receptors themselves
[24]. Understanding of nuclear receptors has grown over the years and nuclear
receptors have developed into a highly diverse family in terms of both their
physiological role and molecular action. In the classical view, these receptors are
activated by a unique high-affinity ligand with a dissociation constant in the
nanomolar range, such as in the case of the estrogen receptor and the androgen
receptor. More recently, some nuclear receptors so-called ‘metabolic receptors’,
such as the PPARs have been identified and they are activated by numerous but

low-affinity ligands with dissociation constants in the micromolar range [25].

4. Peroxisome proliferator-activated receptors (PPARS)

Peroxisome Proliferator-Activated Receptors (PPARs) are ligand-dependent
nuclear receptors first identified and cloned in 1990. Initially, these receptors were
found to be activated by phthalate ester plasticizers used in the plastics
manufacture and the hypolipidemic agent fibrate that were found to increase the
number of peroxisome in liver tissue and then were called “peroxisome
proliferators” and the respective receptors peroxisome proliferator-activated
receptors [26, 27]. The family of PPARs comprises three identified sub-types;
PPARa, PPARB/® and PPARYy, and they have been found in human [28], monkey
[29], mouse [30] and fish [31]. PPARs are encoded by distinct single-copy genes
with different locations in the chromosome. In humans, PPARa, /6 and y are
encoded by chromosome number 22, 6 and 3 whereas in mice they are encoded

by chromosomes 15, 17 and 6, respectively [28, 32, 33].
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PPARs are expressed in different tissues and cell types and regulate distinct
functions and activities. PPARa is expressed in muscle, liver, heart and kidney
where fatty acid catabolism is commonly taking place. PPARa has a major role in
the regulation of genes involved in lipid and lipoprotein metabolism [14, 34, 35].
PPARYy is expressed in adipose tissue, lung and the large intestine, kidney, liver,
hearth and macrophages [16]. PPARYy activation is closely related with increased
insulin sensitivity and anti diabetes activity [36]. The last subtype, PPARB/S is
ubiquitously expressed in various tissues and associated with lipid metabolism and
energy expenditure [37].

Similar to other nuclear receptors, PPARs have a poorly conserved N-
terminal domain (A/B) that functions in a ligand-independent manner and
modulates receptor activity. As shown in Figure 1a, a variable hinge region (D) is
located close to the DNA biding domain (C), followed by a highly conserved
ligand-binding domain (LBD) (E), and a variable C-terminus (F). The LBD is
important for hormone recognition, ensures a specific and selective physiologic
response, and acts as a molecular switch that turns the receptor to a
transcriptionally active state. A highly conserved DNA binding domain (C) which
targets the receptor to a specific DNA sequence known as response element is
located close to the N-terminal region. This domain comprises two zinc-finger-like
structures with a-helical DNA binding motifs [38, 39]. Figure 1b shows that once
activated by ligands, PPARs bind to the respective response elements located in
the promoter region of their target genes and further form a heterodimer with
another nuclear hormone receptor, the 9-cis retinoic acid receptor (RXR) [40]. The
PPAR response element (PPRE) consists of two direct repeat sequences,
separated by one nucleotide: AGGTCAnNAGGTCA (“n” represents any nucleotide)
[41]. Binding of PPAR/RXR heterodimers to PPRE triggers the recruitment of
nuclear receptor coactivator proteins or cofactors [42, 43] and further results in a
chromatin rearrangement that mediates initiation of the transcription of the target
genes [44, 45].
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General

5-AGGTCANAGGTCA-3" Transcription Factors

Figure 1. Functional domains of PPARs and their activation pathway. (a) The binding domains
of PPARs. (b) PPAR activation upon ligand binding. Figure is adapted from [38, 39].

4.1. Activators of PPARs

Although the basic activation mechanism of PPARs is similar to that for the
steroid hormone receptors, ligands of PPARs are chemically more diverse [46].
PPARs can be activated by various endogenous ligands such as linoleic acid,
linolenic acid, eicosapentaenoic acid, docosahexanoic acid,
hydroxyeicosatetraenoic acids (HETEs), leucotrienes, and eicosanoids [47, 48],
and different synthetic ligands. PPARa can be activated by synthetic fibrates, a
clinically approved class of drug to treat dyslipidemia [49]. The synthetic
antidiabetics, thiazolidinediones are activators of PPARy, whereas the synthetic
compounds GW501516 [50] and GWO0742 [51] are selective activators of
PPARR/®. In contrast to PPARa and vy, there is no PPARB/d activator approved for
clinical use so far [48]. Recently, rosiglitazone, a thiazolidinedione activator of
PPARYy, has been withdrawn from the European market and has been alerted by
the FDA due to increased cardiovascular risk [52-54]. Figure 1 summaries the

variety of compounds that activate PPARSs.

10
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Table 1. Synthetic and endogenous compounds activating PPARs [48, 55]

Ligand class PPARa PPARf PPARy
Synthetic agonists GW7647 GWO0742 Rosiglitazone

WY 14643 GW501516 Troglitazone
Clofibrate L165041 Pioglitazone
Fenofibrate JTT-501
Cipofibrate Muraglitazar
Bezafibrate Tesaglitazar
Gemfibrozil Farglitazar

Muraglitazar

Tesaglitazar

Farglitazar

Fatty acids Docahexanoid acid Docahexanoid acid Docahexanoid acid
Arachidonic acid Arachidonic acid Arachidonic acid
Linoleic acid Linoleic acid Linoleic acid

Eicosanoids 15d-PGJ2 15d-PGJ2 15d-PGJ2
Prostacyclin Prostacyclin Prostacyclin
8-(R)HETE 8-(R)HETE
13-(R/S)HODE 13-(R/S)HODE
LTB, 9-oxoODE

4.2. PPARy

PPARYy is one of the best characterized nuclear receptors and its ligands
have been clinically developed as type 2 antidiabetic agents [36]. In contrast to
PPARa which is involved in the catabolism process, this receptor regulates
anabolism processes such as gluconeogenesis and glucose transport.
Predominantly expressed in insulin-responsive tissues such as adipose tissue,
PPARYy activation induces adipocyte differentiation (adipogenesis), glucose uptake
and insulin sensitivity [56-58]. Excess glucose is stored in adipocytes as lipid.
PPARy plays a significant role in the glucose transport and metabolism by

controlling glucose uptake mediated by glucose transport proteins responsive to

11
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insulin such as GLUT4 [59, 60]. Despite its major function in metabolism, recent
studies showed that PPARYy also plays a significant role in inflammation [18, 61-
63] which will get special attention in the following capter.

PPARs have a large T-shaped ligand-binding cavity with mainly hydrophobic
pockets buried within the bottom half of the LBD. Rosiglitazone, a selective agonist
of PPARy forms hydrogen bonds within the LBD and occupies about 40 % of the
PPARYy ligand-binding cavity [38, 64]. The large size of ligand-binding pocket
allows binding of a broad range of ligands. Binding of different PPARYy ligands to
the PPARy LBD could lead to conformational changes in the LBD with distinct
alterations in domain—domain-, receptor—-coactivator- and receptor-DNA
interactions. The ligands hereby occupy different portions of the LBD and may
elicit recruitment of different coactivators [65]. On the contrary, GW9662, a PPARy
antagonist, interacts with PPARy LBD with different binding mode, thus, induces
distinct conformation change and transcriptional effects [65-67]. A recent study
demonstrated that the difference in the loop conformation induced by binding of
fatty acids to the PPARy LBD is linked with distinct degrees of transcriptional
activity [67, 68]. Thus, ligands of PPARy with a broad range of structures and
distinct activity have been identified [69].

4.3. PPARy and inflammation

PPARYy is a negative regulator of inflammation through a crosstalk with
inflammatory signalling pathways and transcription factors activating these
pathways. This mechanism is termed transrepression and is illustrated in Figure
2. The mechanism involves interaction between the nuclear receptor and
promoter-bound transcription factors, rather than sequence-specific direct
interactions with DNA [70]. Ricote et al. have proposed different mechanisms of
transrepression through direct interaction of activated PPAR with proinflammatory
transcription factors (a), induction of inhibitors (e.g. via increased promotor activity
of the IkB gene) (b), regulation of kinase activities (e.g. JNK) necessary for the
transcription activities of AP-1 and NF-kB (c), competition for coactivators

necessary for proinflammatory protein transcription (d), and inhibition of

12
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corepressor shedding in the promoter of the proinflammatory proteins (e) [45]. In
the latter point, PPARYy interferes with the inflammatory signalling by inhibition of
signal-dependent clearance of corepressor complexes from proinflammatory gene
promoters through a SUMOylation-dependent pathway. Hereby, the recruitment of
the proteasome machinery is blocked which is required for the clearance of the
corepressor complex as a prerequisite for the transcription of proinflammatory
proteins [71].

In the progression of atherosclerosis, increased expression of adhesion
molecules is a critical step for further proinflammatory processes and a phenotypic
feature of endothelial activation. The expression of adhesion molecules VCAM-1,
ICAM-1 and E-selectin was inhibited by constitutive activation of PPARy [72]. The
suppression of TNF-a-induced ICAM-1 expression by troglitazone, a PPARy
agonist, was partly dependent on PPARy. Similar PPARy-dependent
antiinflammatory activity was also observed in 15d-PGJ2- and ciglitazone-treated
cells, but not with rosiglitazone treatment [73]. After infiltration of mononuclear
macrophages in the intima, PPARy agonists were found to inhibit the formation of
macrophage-derived foam cells by decreasing lipid inclusion, cholesterol and
triglyceride level during the inflammation process. PPARy also antagonizes the
transcription factors AP-1, STAT and NF-kB, represses the activation of
macrophages and inhibits the production of inducible nitric oxide synthase (iINOS)
suggesting that PPARy could be a potential target for atherosclerosis in which

inflammation events exert pathogenic effects [19, 74, 75].

13
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a. Direct interaction b. Induction of IkB-a c. Regulation of kinase activity
Nucleus Cytoplasm
Ligand
O IiBicr
IkBix o ‘1
p [:
1 \)\ NF«B
—
IxBaox clun  Fos
- —» OFF
AP-1
d. Coactivator competition e. Inhibition of corepressors clearance

Coactivator
Complex

@

Figure 2. Transrepression mechanisms mediated by PPARs. (a) Direct interaction of PPAR
with the p65 subunit of NF-kB, b) Induction of IkB-a expression by PPAR activation. (c) Inhibition of
c-Jun N-terminal kinase (JNK) MAPK activity by PPAR activation, (d) Competition for coactivators
required for NF-kB-mediated transcription, (e) Inhibition of corepressor shedding required for NF-
kB-mediated transcription. AP-1, activator protein-1; HDACS3, histone deacetylase 3; NCoOR,
nuclear-receptor corepressor complexes; TBL1, transducin-B-like 1, TBL1;, TBL1-related protein,
TBLR1; PIAS1, protein inhibitor of activated STAT1; Ubcb, ubiquitin-conjugating enzyme 5
Tab2, TAK1-binding proteins 2. Figure is adapted from [45].

’

4.4. PPARYy activators

A broad range of compounds with a variety of structures has been found to
activate PPARy. The most successful PPARy activators are thiazolidinediones
which have been clinically used for years as type 2 anti diabetes agents acting via
PPARYy [76]. Thiazolidinediones have high affinity towards the PPARy LBD.
Activation of PPARy by these compounds induces adipogenesis and increases
insulin sensitivity [77]. Thiazolidinediones, however, display serious side effects
such as weight gain, increased bone fracture, fluid retention, and heart failure [78],
limiting their broad therapeutic potential and leading to a great interest in the

discovery of novel ligands with more favourable properties. Thus, much effort has
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been focused on the discovery and development of selective PPARy modulators

as a safer alternative to the full agonists of PPARYy [79, 80].

4.5. Natural products activating PPARy

For decades, natural products have inspired the discovery and development
of modern drugs and provide a broad range of compounds with a variety of
chemical structures and remain an important source of drug discovery [69]. So far,
no natural product or any derivative has been approved as PPARYy activators for
the clinical use. However, considering the undesired side effects of the current
PPARYy agonists approved as drug, the discovery of PPARy agonists from natural
resources is still of a great interest and promise.

Previous studies have shown that various plant extracts [81] and natural
products isolated from plants [82-85] are PPARYy activators. To date, different
chemical structures originally isolated from plants have been discovered as
PPARYy ligands. Phenolic compounds isolated from the root of Glycyrrhiza glabra
[86], the isoflavon genistein and biochanin from red clover extracts [87],
kaempferol and quercetin from Euonymus alatus [85], naringenin from the flowers
of Sambucus nigra L. [88], the plant fatty acids octadecadienoic acids (from the
seeds of Coix lacryma) [89], (9 S,13 R)-12-oxo-phytodienoic acid (from
Chromolaena odorata) [82], 12-O-methyl carnosic acid and a-linolenic acid (from
stems and leaves of Salvia officinalis) [90] have been discovered as PPARy
agonists. Some other compounds such as the monoterpenoid carvacrol from
thyme oil [91], auraptene from the citrus fruit [92], citral from lemon grass [93] and
commipheric acid from Commiphora mukul [94] are activators of both PPARa and
y. Moreover, there are several plant extracts that have been identified to activate

PPARs but the active compounds have not determined yet [95, 96].
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5. NF-kB and IkB proteins

NF-kB has been first identified by Sen and Baltimore as proteins that bind to
the enhancer sequence of the kappa light chain and immunoglobulin heavy chain
in an electrophoretic mobility shift assay [97]. NF-kB is a common name for a
family of transcription factors consisting of 5 proteins (Figure 3a). Three proteins,
p65 (RelA), c-Rel and RelB belong to the Rel family (also called NF-kB1), whereas
the other two proteins, p50 and p52 and their precursor p105 and p100,
respectively, belong to the NF-kB family (also called NF-kB2). These proteins can
form either a homodimer or a heterodimer and the complex of p65/p50 is the most
common form often referred to as being “NF-kB”. All NF-kB proteins have a
conserved 300-amino acid comprising sequence, namely the Rel Homology
Domain (RHD). RHD is responsible for the DNA binding, interaction with kB
proteins, dimerization and it also contains a nuclear localization sequence [98-
100]. Although the transactivation domains which are required for efficient
transcription of NF-kB target genes are found only in the C terminal region of
RelA, RelB and c-Rel, the p50 and p52 subunits can also be involved in the
transactivation of NF-kB target genes by hererodimerization with RelA, RelB, or c-
Rel [101].

In unstimulated cells, NF-kB complexes are kept inactive in the cytoplasm via
noncovalent interaction with an inhibitory protein, called inhibitor of kB (IkB). IkB
has a core domain consisting of six to seven ankyrin repeats (ANK) which are
important for the binding to the RHD of NF-kB and thus covering the nuclear
localization sequence (Figure 3b). IkB exists in several isoforms: IkB-a, IkB-3, IkB-
¢ and Bcl-3. Among those, IkB-a is the most predominant and best studied [11,
102, 103]. Each isoform targets distinct combinations of RHD. For instances, IkB-¢
interacts with c-Rel homodimers and p65; IkB-a and IkB-f3 bind predominantly to
p50:c-Rel and p50:p65 heterodimers; whereas Bcl-3 associates with p50 and p52
homodimers. Stimulation by all identified NF-kB activators leads to degradation of
IkB-a. Contrary, IkB- is only degraded by specific activators (e.g. LPS and IL-1).
This might cause variations in the NF-kB activation pathway in a cell-type- and
stimulus-specific manner [104]. Over 20 years of investigation, NF-kB has turned

out to be a vital transcription factor in numerous signaling pathways and many
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biological processes including inflammation, cancer and the immune response
[102, 105].
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Figure 3. The mammalian NF-kB and IkB family members. a) NF-kB consists of 5 proteins, and
all proteins have an N-terminal Rel-homology domain (RHD) for DNA binding, dimerization, and
also nuclear localization. b) Inhibitor of NF-kB comprising 5§ members that contain ankyrin-repeat
motifs (ANK) in their C terminal. The figure is taken from [98].

5.1. NF-kB signalling

Binding of NF-kB to IkB prevents the translocation of NF-kB to the nucleus
and maintains it in the inactive state. There are two NF-kB signalling pathways
which are commonly considered to occur upon cell stimulation, mainly by
proinflammatory cytokines. In the classical pathway, stimulation of the cell leads to
the phosphorylation of IkB proteins at the two N-terminal serine residues by the
IkB kinase (IKK) complex, mainly by the IKK-B subunit. Phosphorylated kB

proteins undergo polyubiquitination by ubiquitin ligase and further degradation by
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the proteasome. The degradation of IkB leads to translocation of unbound NF-kB,
mainly RelA-p50 dimers, from the cytoplasm to the nucleus and then to induction
of the transcription of respective NF-kB target genes. In the alternative pathway,
the signal transduction to the nucleus is carried out by relB-p52 dimers. The
dimers of relB-p52 do not bind to any IkB, but they are derived from the larger
precursor relB-p100 in the cytoplasm. Upon activation by inflammatory stimuli,
p100 in the relB-p100 dimer is exclusively phosphorylated by IKK-a to form relB-
P52 heterodimers that translocate to the nucleus and mediate the transcription of
inflammatory genes [102, 106-108]. These two pathways are described in Figure
4,

TNFa, IL1, LPS
00431., LTa/B, Blys O 9 O VMV CDA40L, LTa/B, Blys
Cellular receptor 8 CYTOPLASM VCellular receptor
P o | ®
01K (T

- Ubiquitination
- Proteasome
degradation

NUCLEUS

Target gene transcription 52 RelB

NF-kB
binding site

Figure 4. Two different signalling pathways that lead to the activation of NF-kB and
subsequent target gene expression. (a) Classical pathway and (b) Alternative pathway. Figure is
modified from [103] and [105].
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Ubiquitination and proteasomal degradation are responsible for the
degradation of phosphorylated IkB and subsequent translocation of NF-kB to the
nucleus [109]. Ubiquitin-mediated degradation controls the fate of short lived
proteins and plays a key role in various basic cellular processes such as the
modulation of the inflammatory response, the immune system, the biogenesis of
subcellular organelles, differentiation of tissues, the cell cycle, cell division,
modulation of cell membrane receptors, DNA repair and the control of transcription
[110]. It is known that E3, an enzyme member of the ubiquitin—substrate ligase
family is responsible for the recognition of phosphorylated human IkB-a at the
lysine residue. A polyubiquitin tree is formed by tagging activated ubiquitin
moieties to the lysine residues. This complex is degraded by the 26S proteasome,
an ATP-driven multi subunit proteolytic machine, followed by releasing free and
reusable ubiquitin [110-112].

5.2. IKK in the NF-kB signaling pathway

IKK is a protein complex comprising two catalytic subunits: IKK-a (also called
IKK1) and IKK-B (also called IKK2), and one regulatory subunit IKK-y (also called
NF-kB essential modulator or NEMO) [113]. IKK-a and IKK-B consist of 745 and
756 amino acids, respectively, and each has a N-terminal kinase domain, a
leucine zipper (LZ) region and a C-terminal HLH domain (

Figure 5). The formation of homo- or heterodimers of IKK-a and IKK-$ is mediated
by binding via the LZ domains, whereas the kinase activity is determined by the
HLH domain [104].

Although each IKK sub-type has similar structure and kinase activity, they
have a subtly different response to inflammatory stimuli. In the NF-kB classical
pathway, IKK-B is the principal player for IkB phosphorylation [114-117] whereas
NEMO is required for the kinase activity of the complex [115, 118, 119]. IKK-a is
not required for IkB phosphorylation in the classical pathway [120-122] but it is
responsible for kinase activity in the alternative pathway. In this pathway, IKK-a
independent of IKK-B and IKK-B/NEMO, phosphorylates the p100-RelB complex at
the C-terminal region of p100. This leads to ubiquitination followed by degradation
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of the p100 to generate p52-RelB that further translocates to the nucleus (see
Figure 4) [123, 124].

1 15 310 455 476 562 642 745
KKk — KD e — LZ HH — § —
(233-240)
1 15 312 458 479 566 645 756
IKKE — KD 1Lz HH —  —
1 196 246 365 419
IKKy KBD —_uUBD LZ—ZF

Figure 5. The domain structure of individual IKK subunits. The schematic representation of
each IKK structure and the functional motifs are shown as indicated. HLH: helix loop helix motif,
LZ: leucine zipper, KD: kinase domain, NBD: NEMO-binding domain, KBD: kinase-binding domain,
NLS: nuclear localization signal, UBD: ubiquitin-binding domain, ZF: zinc finger. The figure is taken
from [125].

IKK-B is an exquisitely serine-specific kinase phosphorylating both serine
residues of IkB which are required for in vivo activity [104]. However, previous
studies showed that IKK-$ also phosphorylated RelA/p65 at serine 536 [126] and
p105 [127] which is important for p65 transcriptional activity and degradation of
p105, respectively. Another protein which is phosphorylated by IKK-3 is forkhead
transcription factor FOXO3 [128]. Phosphorylation of this tumor suppressor protein
by IKK-B provokes its translocation to the cytoplasm and further degradation which

eventually induces tumorigenesis.

5.3. Role of NF-kB in atherosclerosis

Inflammation is an important feature of vascular diseases including
atherosclerosis. Atherosclerosis is initiated by modification of LDL into oxidized
forms in the vessel wall. This leads to a local inflammation and results in the
expression of adhesion molecules on the surface of endothelial cells and release

of chemotactic factors. Monocytes are attracted on the site of inflammation and
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once adherent to the activated endothelial layer, the monocytes transmigrate into
the inner part of the arterial wall or intima [11, 129]. Inflammatory mediators, such
as TNF-a, IL-1B and CD40 ligands are also found in the atheroma and they
activate proinflammatory pathways in the cells involved in atherosclerosis (Figure
6) [129, 130].
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Figure 6. Schematic representation of the inflammatory responses regulated by NF-kB in
atherogenesis. The cell types involved and some events potentially affected by NF-kB activation
are indicated. The figure is adapted from [11].

According to de Winter et al., NF-kB contributes to the development of
atherosclerosis in three critical points. Firstly, NF-kB regulates the expression of
enzymes responsible for the generation of proinflammatory lipid mediators and
LDL oxidation, such as COX-2 [131], phospholipase A2 [132] and lipoxygenase
[133]. Secondly, NF-kB regulates MCP-1, a cytokine that attracts monocytes from
the artery lumen into the intima [134]. Thirdly, inflammatory mediators activating
the NF-kB pathway induce the expression of adhesion molecules such as VCAM-
1, E-selectin and ICAM-1 [130, 135] that leads to the initiation of atherogenesis.

The later stages of atherogenesis are characterized by the formation of a fibrotic
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cap through proliferation and migration of vascular smooth muscle cells [11].
These events are partly regulated by NF-«kB [136, 137] .

Adhesion molecules also facilitate the migration of lymphocytes and mast
cells to the intima in response to chemoattractants. In the arterial intima,
lymphocytes may encounter antigens such as oxidized LDL and then produce
cytokines that influence the behaviour of other cells present in the atheroma,
whereas mast cells are further degranulated and releas the proinflammatory
cytokine TNF-a [9, 129]. All these events, involving the activity of NF-kB, further

aggravate vascular inflammation.

5.4 Inhibitors of NF-kB

Considering the pivotal role of NF-kB in vascular inflammation, the inhibition
of NF-kB activation is a promising approach for disrupting the expression of many
proteins that are involved in atherosclerosis. According to Gilmore and Herscovitch
[138], NF-kB activation can be inhibited through 3 strategies: (1) inhibition of the
signal at the initiation phase by antagonizing the binding of ligands to the receptor
(e.g. TNF receptor) which results in total abrogation of the downstream effect; (2)
blocking a specific element of the activation pathway in the cytoplasm (e.g.,
targeting the recruitment of adaptor proteins such as TRADD to the receptor upon
ligand binding, interference with the activation of the IKK complex, inhibition of IkB
phosphorylation and degradation); or (3) inhibiting the nuclear activity of freed NF-
KB subunits (e.g., blocking translocation of NF-kB subunits to the nucleus,
interfering with the binding of NF-kB to DNA, alteration in the specificity and
activity of NF-kB subunits by modification of NF-kB in the nucleus, or disturbing
the interaction of NF-kB subunits with the transcription apparatus and other
transcription factors) [138, 139].

Numerous synthetic and nature-derived agents have been discovered as NF-
KB inhibitors [138]. Such inhibitors from natural products include parthenolide,
butein, helenalin, panepoxydone, caffeic acid phenethyl ester, oridonin and
ponicidin. Parthenolide is a sesquiterpene lactone from the medicinal plant

Feverfew (Tanacetum parthenium) which has been reported to inhibit NF-kB
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activation via covalent modification of the cystein 179 residue of IKK-B [140, 141].
Butein, a chalcone isolated from Semecarpus anacardium and Dalbergia
odorifera, directly inhibited IKK activation by a mechanism similar to parthenolide
and consequently the expression of the proteins regulated by NF-kB [142].
Helenalin, the antiinflammatory sesquiterpene lactone from Arnica montana and
Arnica chamissonis ssp. foliosa, demonstrates a distinct mechanism of action by
selectively alkylating the p65 subunit of NF-kB without affecting NF-kB
translocation to the nucleus and IkB degradation [143]. Caffeic acid phenethyl
ester inhibited the nuclear translocation of the p65 subunit without significantly
affecting IkB degradation. Whereas oridonin and ponicidin, the major diterpenoid
constituents of Isodon rubescens, are NF-kB inhibitors acting through direct
interaction with the DNA-binding domain of NF-kB. These compounds also
inhibited NF-kB translocation without affecting IkB phosphorylation and
degradation [144]. Some other plant-derived substances have been found as
inhibitors of the NF-kB pathway of which the mechanism of action is still unclear
[138]. However, most of the natural terpenoid inhibitors of NF-kB exert their NF-kB
inhibitory activity by targeting the IKK complex via their a-B-unsaturated carbonyl
group [145].

Besides natural products, numerous synthetic inhibitors of NF-kB have been
discovered, including Dehydroxylmethylepoxyquinomicin (DHMEQ) [146] and 3-
hydroxy-4,3’,4’,5’-tetramethoxychalcone [147]. DHMEQ was derived from the
natural compound Epoxyquinomicin C, a 5,6-epoxycyclohexenone compound
isolated from bacterium Amycolatopsis sp.[148]. Although DHMEQ has structural
similarity with panepoxydon, it inhibited NF-kB activation with a different
mechanism of action. DHMEQ targets nuclear translocation of p65 DNA binding of
NF-kB components without affecting IkB phosphorylation and degradation [149].
Further investigation revealed that the epoxycyclohexenone moiety of DHMEQ
was responsible for its inhibitory activity by formation of a covalent bond at the
cysteine residue 38 of p65 [150, 151].

Table 2 provides a representative list of NF-kB inhibitors including a variety of
natural and synthetic compounds. A more comprehensive list of natural-,

synthetic- and protein-based inhibitors of NF-kB can be seen in [138].
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Table 2. Compound inhibiting of NF-kB and their suggested mode of action [138]

Compounds Origin Targets References
Calagualine Natural product TRAF2-NIK [152]
Betaine Synthetic NIK/IKK [153]
Thienopyridine Natural product IKK- activity [154]
BMS-345541 Synthetic IKK-B activity [155]
Capsaicin Natural product IkB degradation [156, 157]
1-Bromopropane Synthetic IkB degradation [158]
Cyclosporin A Natural product Proteasome [159, 160]
Disulfiram Synthetic Proteasome [161]
Alginic acid Natural product ‘[\rl:rflselscr:ation [162]
Rolipram Synthetic Nuclear . [163]
translocation

Artemisinin Natural product DNA binding [164]
Raloxifene Synthetic RelA DNA binding [165]
Gypenoside XLIX Natural product Transactivation [166]
Chromene derivatives Synthetic Transactivation [167]
Curcumin Natural product Antioxidant [168]
Flavonoids Natural product Antioxidant [169, 170]
Pyrrolinedithiocarbamate  Synthetic Antioxidant [171]

6. Drugs from nature targeting inflammation

This work is part of the collaborative NFN (Nationales Forschungsnetzwerk)
project with the topic: Drugs from Nature Targeting Inflammation (DNTI). It is an
interdisciplinary network interlinking the knowledge and skills from different groups
at different universities in Austria and aiming for the identification of novel
antiinflammatory leads derived from natural products. The selection of investigated
plants was based on an ethnopharmacological use and/or a computational

approach. Plants that are traditionally used in Austria (summarized in the
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VOLKSMED database [172] or in traditional Chinese medicine against
inflammation are extracted and tested in selected in vitro inflammation models
(functional or target-based). Hit extracts are subjected to bioassay guided
fractionation in order to obtain the active compound. Alternatively, a natural
product data base is screened in silico versus different pharmacophore models
aiming to identify modulators of a variety of inflammatory mediators. Hits are then
validated and confirmed in in vitro and cell-based models. The collaborative
network between different research areas and expertises contributing in a
synergistic way to the success of the project is depicted in Figure 7. The main
partners in this collaboration were phytochemistry groups from the Departments of
Pharmacognosy at the universities in Vienna, Graz and Innsbruck, and the
Department of Pharmaceutical Chemistry, University of Innsbruck. The group from
the Institute of Vascular Biology and Thrombosis Research, Medical University of
Vienna was responsible for the in vivo experiments. A more detailed overview over
the mission of the NFN/DNTI program, involved groups and the workflow can be

seen at www.uibk.ac.at/pharmazie/pharmakognosie/dnti/.

During my thesis work, | have been involved in the project part “From cell-
based assays to molecular mechanisms” with the major aim to identify and
characterize natural products with a promising antiinflammatory profile in in vitro
and cell-based models. Three major contributions of our project part within the
DNTI-network are a) establishing methods, guiding fractionation and isolation of
PPARa and y agonists and NF-kB inhibitors; b) providing appropriate cell models
and tools for validation of the compounds virtually identified as specific PPARa
and y agonists as well as NF-kB inhibitors; and c) studying the molecular

mechanisms of active compounds in models of vascular inflammation.
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Computation group Phytochemistry groups
- Plant selection based on - Plant selection based on the
computation model VOLKMED and TCM
- In silico virtual screening databases
- Computer-aided ) - Fractionation, isolation and
pharmacophore modelling identification of the active
compounds
é )

In vitro pharmacological groups
(Group in which | am involved)

- Setting up and validating the bioassays

- Screening for active extracts and compounds
- Validating the active compounds in cells model
Molecular mechanism studies of active compounds
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- In vivo group

- Performing in vivo experiments
of active compounds

Figure 7. Overview of the collaboration within the DNTI project
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C. MATERIALS AND METHODS

1. Materials

1.1. Products and supplier information

Name

Suppliers

Cell culture material
Benzylpenicillin
Bovine brain extract
Dulbecco’s Modified Eagle Medium (DMEM)
Foetal bovine serum
Foetal bovine serum superior
Geniticin
Gentamicin
Hydrocortisone
Hygromycin B
Hypoxanthine-aminopterin-thymidine
L-glutamine
Penicillin (potassium salt)-Streptomycin sulphate
Recombinant human epidermal growth factor

Trypsin

Compounds used as a positive control
BADGE
GW0742
GW6471
GW7647
GW9662

IKK-B inhibitor IV
Parthenolide
Pioglitazone
Rosiglitazone
T0070907

Troglitazone

Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Biochrom (Berlin, Germany)

PAA Laboratories (Pasching, Austria)
Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Roche (Basel, Switzerland)

Sigma (MO, USA)

Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Lonza Group Ltd. (Basel, Switzerland)
Invitrogen (CA, USA)

Cayman (MI,USA)

Cayman (MI,USA)

Sigma (MO, USA)

Cayman (MI,USA)

Cayman (MI,USA)
Calbiochem (Darmstadt, Germany)
Alexis (PA, USA)

Molekula (Shaftesbury, UK)
Cayman (MI,USA)

Cayman (MI,USA)

Cayman (MI,USA)
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Biologicals and chemicals
Amphicillin (sodium salt)
ATP

Bacteriological agar

Bovine serum albumine
Coenzyme A (trilithium salt)
Complete™

Dithiothreitol (DTT)
D-Luciferin (sodium salt)
DMSO

Gelatine

Kanamycin

LB broth

LPS

N-(1-Naphthyl)ethylenediamine 2 HCI

Oilred O
p-coumaric acid
PMSF
Poly-D-lysine

recombinant human PDGF-BB

Recombinant human TNF-a
Reporter lysis 5X buffer
Resazurin (sodium salt)
Roti®Quant

SOC medium

Sulfanilamide

T-70 dekstran

TEMED

Triton® X-100

Plasmids

pSG5-PL-hPPARalpha (hPPARa)
pSG5-hPPAR-beta (hPPARRB)
pSG5-PL-hPPAR-gammat (hPPARYy)

pCMX-mPPARgamma (mPPARYy),

Sigma (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

New England Biolabs (MA, USA)
Sigma (MO, USA)

Roche Diagnostics, (Penzberg,Germany)
Fluka (MO, USA)

Synchem (Flesberg, Germany)
Fluka (MO, USA)

Fluka (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

Fluka (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

Sigma (MO, USA)

Bachem (Weil am Rhein, Germany)
Sigma (MO, USA)

Promega (Wi, USA)

Sigma (MO, USA)

Carl Roth (Karlsruhe, Germany)
Sigma (MO, USA)

Fluka (MO, USA)

Sigma (MO, USA)

Fluka (MO, USA)

Sigma (MO, USA)

Prof. Walter Wahli and Prof. Beatrice
Desvergne (Center for Integrative
Genomics, University of Lausanne,

Switzerland)

Prof. Ronald M. Evans (Howard Hughes
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pCMX-mPPARalpha (mPPARa), and
tk-PPREX3-luc
pEGFP-N1

Miscellaneous
Fugene® HD
Gel blotting paper

Immuno-blot” PVDF Membrane (0.2 pm)

Norit A charcoal

Precision Plus Protein™ Standard

Medical Institute, California, USA)

Clontech (CA, USA)

Roche (Basel, Switzerland)
Whatman plc (Kent, UK)
BIO-RAD Laboratories (CA, USA)
Sigma (MO, USA)

BIO-RAD Laboratories (CA, USA)

Table 3. Products and supplier information

1.2. Culture medium and supplements

Name Components Amount
HEK-293, RAW 264.7, and VSMC DMEM (phenol red free) 500 ml
growth medium Penicillin (potassium salt) 100 U/ml
Streptomycin sulphate 100 pg/ml
L-glutamine 2mM
Foetal bovine serum 10 %
New born bovine serum (for VSMC) 10 %
Experiment medium for PPAR assays DMEM (phenol red free) 500 mi
Penicillin (potassium salt) 100 U/ml
Streptomycin sulphate 100 pg/ml
L-glutamine 2mM
Charcoal-stripped FBS 5%
293/NF-kB-luc growth medium DMEM (phenol red free) 500 mi
Penicillin (potassium salt) 100 U/ml
Streptomycin sulphate 100 pg/ml
L-glutamine 2mM
Foetal bovine serum 10 %
Hygromycin B 100 pg/mL
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Experiment medium for 293/NF-kB-

luc

HUVECtert growth medium

EA.hy926-heNOS-Luc

(for eNOS promoter activity assay)

Freezing medium

Bacterial growth medium (agar plate)

Charcoal-stripped FBS

DMEM (phenol red free)
Penicillin (potassium salt)
Streptomycin sulphate
L-glutamine

Foetal bovine serum

EBM medium with phenol red
Penicillin (potassium salt)
Streptomycin sulphate
Amphotericin B

Gentamicin

Foetal bovine serum (superior)
Benzylpenicillin

Bovine brain extract
Hydrocortisone

Recombinant human epidermal

growth factor

DMEM without phenol red
Penicillin (potassium salt)
Streptomycin sulphate
L-glutamine

Foetal bovine serum
Hypoxanthine
Aminopterin

Thymidine

Geniticin

Growth medium
DMSO

Foetal bovine serum

LB broth
Agar

Ampicillin or kanamycin

FBS

Norit A charcoal

500 ml
100 U/mi
100 pg/ml
2mM

0.1 %

500 ml

100 U/ml
100 pg/ml
50 pg/ml

50 ng/ml

10 %

100 U/ml
0.4 %

4-15 pg/ml
0.5 -4 ng/ml

500 ml
100 U/mi
100 pg/ml
2mM

10 %

100 uM
0.4 uM
16 uM
400 pg/ml

50 %
10 %
40 %

20 %
1.5%
50-60 pg/ml

500 ml
0.25%
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T-70 dekstran
sucrose

MgCl,

HEPES pH 7.6

0.0025 %
0.25M
1.5 mM
10 mM

Table 4. Culture medium and supplements

1.3. Commercially available kits

Name

Supplier

ELISA-based (K-LISA™) IKK-B activity assay
(Catalogue number CBA044)

LanthaScreen™ TR-FRET Peroxisome Proliferator
Activated Receptor gamma Coactivator Assay
(Catalogue number PV4548)

LanthaScreen™ TR-FRET PPARy Competitive Binding
Assay (Catalogue number PV4894)

peqGOLD Plasmid Miniprep Kit |

(Catalogue number 12-6943-01)

PureYield" Plasmid Midiprep System

(Catalog number A2495)

Calbiochem (Darmstadt, Germany)

Invitrogen (CA, USA)

Invitrogen (CA, USA)

PeqgLab (Erlangen, Germany)

Promega (Wi, USA)

Table 5. Commercially available kits

1.4. Reagents and buffers

Name Components Amount
Calcium phosphate- NaHPO, stock solution) 5.25 g in 500 ml H,O
based transfection CaCl, 2M

2x HBS 8.0 g NaCl

6.5 g HEPES (sodium salt)
10 ml NaH,PO, stock solution

PH adjusted to 7.04 with diluted NaOH or HCI and filled up to 500 ml. To
transfect the cells in a 10 cm disk, 720 ul 2x HBS , 94 ul CaCl, 2 M,
ddH,0 to a final volume of 1500 ul was needed

5 Xreporter lysis buffer  Luciferase lysis buffer

diluted 1:5 in ddH,0O
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Lysis buffer
(protein extraction for

gel electrophoresis)

10 X Resazurin stock

Griess assay reagent

PBS

Trypsin/EDTA

Gelatine 0.1 %

HEPES 50 mM

NaCl 50 mM

NaF 50 mM

NasP,07 x 10 H,O 10 mM

EDTA (pH 7.5) 5mM

Complete™ (tablet) solved in 2 ml ddH,0
PMSF 0.1 M in isopropanol
Triton® X-100 10 % in ddH,0

Prior to use, complemented with 1x Complete™, 1 % Triton X-100 and
1 mM PMSF (0.1 M stock diluted in isopropanol)

Resazurin (sodium salt) diluted 1 mg/mlin PBS

Prior to use, the stock was diluted in PBS 1:10 and further diluted 1:10
with the growth medium in the well plates.

Solution A:
N-(1-Naphthyl)ethylenediamine 2 HCI 0.1 %
Solution B: Sulfanilamide 1% in 0.5 % H3PO,

Solution A and B was mixed prior to use (1:1).

MgCl, x 6 H,O 019

KH,PO, 02g

NaCl 8.0g

CaCl, x 2 H,O 0149

KCI 0.2¢

NaHPO, 11549

Aqua dest. ad 1000 ml and the pH was

adjusted to 7.4

EDTA 0.02 %
Trypsin 0.05 %
PBS 1000 ml
Gelatine 19

Aqua dest. ad 1000 ml

The solution was autoclaved prior to use.

Table 6. Reagents and buffers
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1.5. Western blot solutions and buffers

Name Components Amount

3x SDS sample buffer Bromophenol blue 15.0 mg
2-Mercaptoethanol 15 ml
Glycerol 30.0 ml glicerol
SDS 6.0g
TRIS-HCI solution 0.5 M, pH 6.8 37.5ml
Aqua dest. ad 100 ml

Blotting buffer 5x

Blotting buffer 1x (prior to use)

Electrophoresis buffer 5x

TBS-T pH 8.0

Resolving gel 10 %

Prior to use, the 3x stock solution was mixed with 2-
mercaptoethanol (15 %). This 3x stock solution was added

to the cell lysates (3x dilutions).

Glycine
TRIS-base
Aqua dest.

5x blotting buffer
Methanol
Aqua dest.

Glycine
TRIS-base
SDS

Aqua dest.

NaCl
Tris-base
Tween-20
ddH,0

PAA solution 30 %

SDS 10 %

1.5 M TRIS-base pH 8.0
Aqua dest.

APS

TEMED

729¢
15.17 g
ad 1000 ml

200 ml
200 ml
ad 1000 ml

720¢g
15.0¢
50¢9

ad 1000 ml

1119
3.0g9

1ml

ad 1000 ml

2.5ml
75 yl
1.875 ml
3.05 mi
37.5 ul
7.5yl
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Stacking gel

ECL (Home-made)

Stripping solution

PAA solution 30 %

SDS 10 %

1.5 M TRIS-base pH 6.8
Aqua dest.

APS

TEMED

Tris-base (1 M; pH 8.5)

ddH,0

p-coumaric acid (90 mM in DMSO)
Luminol (0.25 M in DMSO)

H>0, 30 % (prior to use)

NaOH

640 pl
75 pl
375
2.62 ml
18.8 pl
3.75 ul

0.5 ml
4.5 ml
11 ul
25 pl
3ul

0.5M

Table 7. Western blot solutions and buffers

1.5. Antibodies

Target Dilution Source Supplier

Goat IgG 1:2500 Rabbit New England Biolabs (MA, USA)
Human CD106/VCAM-1 (FITC) 1:10 Mouse Neomarkers (CA, USA)

Human CD54/ICAM-1 (FITC) 1:10 Mouse eBioscience (CA, USA)

Human CD62/e-selectin (FITC) 1:10 Mouse eBioscience (CA, USA)

IkB-a 1:1000 Rabbit Cell signalling Technology (MA, USA)
Mouse IgG 1:2500 Goat Upstate (MA, USA)

Mouse IgG1 (isotype control, FITC) 1:10 Mouse Dako (Copenhagen, Denmark)
Rabbit IgG 1:2500 Goat Cell signalling Technology (MA, USA)
a-tubulin 1:500 Mouse Santa Cruz (CA, USA)

Antibodies were diluted in 5 % BSA in TBS-T. Anti-IkBa and secondary antibodies were diluted in 5

% milk powder in TBS-T.

Table 8. Antibodies
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1.6. Scientific software

Name

Supplier

Cell Profiler

XFLUOR4 Version 4.51
XFLUOR4GENIOSPRO Version 4.63
EndNote X, version 1.01

Cell Quest Pro version 5.2

Vi-Cell™ XR 2.03

GraphPad PRISM™, version 4.03

Irfan View for windows version 4.27

Broad Institute, MA, USA

Tecan (Mannedorf, Switzerland)
Tecan (Mannedorf, Switzerland)
Thomson ResearchSoft (CA, USA)

BD Biosciences (San Diego, CA, USA)
Beckman Coulter (CA, USA)
GraphPad Software, Inc. (CA, USA)
Irfan Skiljan (Wiener Neustadt, Austria)

AIDATM(Advanced Image Data Analyzer),version 4.06 Raytest GmbH (Straubenhardt, Germany)

Table 9. Scientific software

1.7. Technical equipment

Name

Supplier

Bacterial incubator

Eluator™ Vacuum Elution Device
FACSCalibur™ BD Biosciences

Fluorescence Microscope Olympus BX51
LAS-3000™ Luminescent Image Analyzer
Light Microscope Olympus CKX31

Mini Trans-Blot™ Electrophoretic Transfer Cell
Olympus Live View Digital SLR Camera E-330
Power supply Power Pac™ HC

Tecan GENios Pro

Tecan Sunrise

Vac-Man® Laboratory Vacuum Manifold
Vi-Cell™ XR Cell Viability Analyzer

Edmund Buehler (Hechingen, Germany)
Promega (Wi, USA)

Pharmingen (CA, USA)

Olympus Europa GmbH (Hamburg, Germany)
Fujifilm (Tokyo, Japan)

Olympus Europa GmbH (Hamburg, Germany)
BIO-RAD Laboratories (CA, USA)

Olympus Europa GmbH (Hamburg, Germany)
BIO-RAD Laboratories (CA, USA)

Tecan (Mannedorf, Switzerland)

Tecan (Mannedorf, Switzerland)

Promega (Wi, USA)

Beckman Coulter (CA, USA)

Table 10. Technical equipment
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2. Methods

2.1. Identification of PPARy agonists

2.1.1. HEK-293 cells

2.1.1.1. Origin

Human Embryonic Kidney 293 (HEK-293) cells are originally derived from
human embryonic kidney cells by transformation with sheared fragments of
adenovirus (Ad)5 DNA comprising the early region 1 (E1) transforming sequences
integrated into chromosome 19. This transformation generated a cell line with
respective characteristics, including the elaboration of a virus-specific tumour
antigen. The cells are easy to grow and to maintain and exhibit a typical adeno-
transformed cell phenotype with a tendency to divide continuously after reaching
confluence [173, 174]. They have been widely used in cell biology and yield a high

transfection efficiency favourable for many researchers.

2.1.1.2. Culture

HEK-293 cells were grown in a 150 cm? flask containing 20 ml culture
medium in a cell incubator (5 % CO,/ 37 °C humidified air). Culture medium was

replaced with the fresh culture medium every three days.

2.1.1.3. Passaging

The confluent cells were split and sub-cultured twice a week. To make a
new passage of cells, confluent cells were washed once with 10 ml prewarmed
PBS. The PBS was then replaced by 2 ml of prewarmed trypsin. Cells were
incubated for 1-2 minutes allowing the tripsinization process to detach cells from
the bottom of the cultivation flask. 8 ml prewarmed culture medium was added to
terminate the trypsin reaction process. 500 pl of the cells suspension was
subjected to ViCell™ for counting. To start a new passage of cells, 2 x 10° — 4 x

10° cells were seeded in a new 150 cm? flask.
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2.1.1.4. Thawing

A vial of frozen cells was preincubated in the water bath at 37 °C until
approximately half of it defrosted. The thawed solution was then transferred to a
50 ml Falcon tube containing prewarmed 15 ml culture medium and immediately
centrifuged at 1400 rpm (or 412 g) for 4 minutes at 20 °C. The supernatant was
discarded and the pellet was resuspended in 20 ml prewarmed culture medium by
up and down pipetting. Cell suspension was transferred to a 150 cm? flask and
incubated in 5 % CO; / humidified air incubator at 37 °C. The medium was

replaced with the fresh culture medium after 2 days.

2.1.1.5. Preparation of cells for transfection

6 x 10° HEK-293 cells were seeded in a 100 mm dish containing 10 ml
culture medium and incubated in the cell incubator overnight. To distribute the
cells evenly in the dish, the disk was gently moved back and forth. The cells were
then incubated overnight and used for transfection (approximately 60-70 %

confluence).

2.1.2. Transient transfection

In this study, the transfection method used for introducing DNA into the
cells was the calcium phosphate precipitation method. In a 2 ml eppendorf tube,
the plasmid DNA (diluted in ddH,O) was mixed with 720 pl 2x HBS and 94 ul
CaCl; 2 M and ddH»0 to a final volume of 1500 pul. This mixture was incubated at
room temperature for 20-30 minutes to allow DNA-calcium phosphate complex
formation. This complex was used to transfect the overnight grown 6 x 10° HEK-
293 cells (approximately 60-70 % confluence) in a 100 mm culture dish. 8 ug of
PPARYy receptor expression plasmid, 8 ug reporter plasmid (tk-PPREx3-luc), and 4
ug green fluorescent protein plasmid (pEGFP-N1) as internal control were used for
the transfection. In every transfection, the total DNA and the ratio tk-PPREXx3-luc:
PPARY:EGFP were kept 12 ug and 2:2:1, respectively. Cells were maintained in
the culture medium containing calcium phosphate-DNA complexes in the incubator
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for 6 hours. The medium was then removed by applying vacuum and cells were
washed once with 10 ml of prewarmed PBS followed by addition of 2 ml
prewarmed trypsin after discarding the PBS. To accomplish cell detachment, they
were incubated in the cell incubator for 1-2 minutes. Trypsinization was terminated
by addition of 8 ml prewarmed culture medium. The detached cell suspension was
centrifuged in a 50 ml falcon tube at 1400 rpm (412 g) for 4 minutes at 20 °C. The
supernatant was discarded and replaced with DMEM containing 5 % charcoal-
stripped FBS (experiment medium). The cells were resuspended and filtered
through a cell strainer to exclude clotted and coagulated cells.

To count the number of viable cells, 500 ul cell suspension was subjected
to the ViCell® cell counter. The desired amount of transfected cells was transferred
to a multichannel pipette reservoir and distributed by using a multichannel pipette
into a 96-well plate, at 5 x 10* cells per well in 150 pl medium. The cells were
incubated in the cell incubator for 60 minutes to allow attachment to the plate prior
to treatment.

Another transfection method that was also performed during the
optimization process of transfection efficiency was with FUGENE® HD. The
method was performed according to the manufacturer’s instruction. Cell seeding
and DNA amount was the same as previously described for the calcium phosphate

transfection.

2.1.3. Luciferase reporter gene assay to detect PPARYy activation

Test compounds (dissolved in DMSQO) were prediluted in the experiment
medium to obtain a four times higher compound concentration than the desired
concentration. The transiently transfected cells in a 96-well plate containing 150 pli
experiment medium were treated with 50 ul prediluted respective compounds and
an equal concentration of DMSO was also prepared as a control. To avoid cell
detachment, the cells were treated wisely by dropping the compounds solution
along the wall of the well. Gentle shaking was applied to equally distribute the
compounds throughout the well prior to a 18 hours incubation in the cell incubator.

Untransfected cells were also included in each experiment for background
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normalization. Figure 8 shows a typical setting of the experiments performed in a

96-well plate.

-
=

O
OO0O0OO0OO0OO»
O0O00000 O«
00000000
O0O0000O0O Qe
0000000 O"
SIeleI SIS e I9IRL
0101010101010 0L
QOOOOL0O 0"
0101010101010 20L

slalelolelele .
CO0O0O0O00O OO

A1 -D1 : DMSO control group
A2 - D2 : Troglitazone control group
A12 — D12: Untransfected cells

Figure 8. The setting of PPARYy luciferase reporter gene transactivation assay in a 96-well
plate. Each sample was tested in a quadruplet and the activation values were corrected for the
background of the untransfected group and were correlated to DMSO-treated control.

After 18 hours of incubation, the treatments were terminated by removing the
medium from the plates using a vacuum pump, and the plates were immediately
stored at -80 °C until analysed. To determine the luciferase activity, the plates
were taken out from the -80 °C freezer, and the cells were lysed by addition of 50
Ml luciferase lysis buffer per well supplemented with 1 mM DTT. To accelerate cell
lysis, the plate was agitated on a horizontal plate shaker for 10 minutes. 40 pul of
cell lysate was transferred to a black bottom 96-well plate using a multichannel
pipette for EGFP-derived fluorescence and luminescence measurements in a
Tecan GeniosPro using XFluor GeniosPro Version: V 4.63 software. Measurement

parameters on the Tecan GeniosPro are listed below.
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EGFP-derived fluorescence measurement

Measurement mode
Excitation wavelength
Emission wavelength
Gain

Number of reads
Integration time

Lag time

Mirror selection

Luminescence measurements

Measurement mode

: Fluorescence
1485 nm

1520 nm

: Optimal

1

: 1000 s
:0pus

140 ms

: Luminescence

Integration time (manual) : 2000 ms
Attenuation : None
Plate definition file : GRE96fb
Part of the plate :A1-H12
Time between move and integration :50 ms
Well kinetic number 1

Well kinetic interval (minimal) : 2020 ms
Injector A volume 250 ul
Injector A speed : 200 pl/s
Injector B volume 150 pl
Injector B speed : 200 pl/s
Injection mode : Standard

2.1.4. Data analysis

The values obtained from the EGFP-derived fluorescence and the
luminescence measurements of the reporter gene transfected cells were corrected
for background of the untransfected cells. To account for differences in cell
number and/or transfection efficiency, the luminescence values were further
normalized to the EGFP-derived fluorescence. The activation value of each tested
compound was determined by comparison of its normalized luminescence value to
that of the DMSO control. The formula used to calculate PPAR activation was as

follows.

41



MATERIALS AND METHODS

luminescence signal

Lucifererase activity =
EGFP-derived fluorescence

PPAR activation = lucifererase activity upon treatment with test compound

luciferase activity of DMSO contol

The diploma student Christian Maier and Ursula Bauer and also our
technicians Elisabeth Geiger and Judith Benedics also partly contributed to the
screening of natural products for PPARy agonists. They worked under my

guidance.

2.1.5. Preparation of charcoal-stripped FBS

Charcoal-stripped FBS was prepared to remove the androgens and other
hormones which can interfere with our assays and give rise to high background
levels. The protocol was according to Hibberts, et al [175] with several
modifications. Norit A charcoal and T-70 dextran were mixed and incubated in a
solution containing 0.25 M sucrose / 1.5 mM MgCl, / 10 mM HEPES pH 7.6 at 4
°C overnight. The mixture was centrifuged at 500 g for 10 minutes and the
supernatant was discarded and replaced with equal volume of FBS. This solution
was mixed and incubated under gentle shaking at 4 °C overnight. Following 10
minutes centrifugation at 750 g, the serum was filtered and stored at -20 °C. This
charcoal-stripped FBS was used for a supplement in the experiment medium

instead of regular FBS.

2.1.6. DNA plasmid preparation

All DNA plasmids were subjected to amplification by using JM109
competent Escherichia coli (Sigma-Aldrich). Prior to amplification and purification,
the plasmids were subjected to a miniprep plasmid preparation using peqGOLD
Plasmid Miniprep Kit (PeqglLab). The plasmids were digested with appropriate

restriction enzymes and the fragments were observed in a gel electrophoresis to
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confirm validity of the plasmids. DNA plasmid amplification, extraction and
purification were done with PureYield” Plasmid Midiprep System (Promega). A
vacuum-based purification method was performed with the procedure according to

the manufacturer’s instruction.

2.1.7. PPARYy coactivator assay

The coactivator binding assay was performed using The LanthaScreen™
TR-FRET PPARy coactivator assay kit (Invitrogen) according to the
manufacturers’ protocol. Test compounds dissolved in DMSO or solvent vehicle
were incubated together with fluorescein-labelled TRAP220/DRIP-2 coactivator
peptide [176], human PPARy LBD tagged with GST, and a terbium-labelled
antiGST antibody. In this assay, the binding of an agonist to the PPARy LBD
results in a conformational change leading to recruitment of the coactivator
TRAP220/DRIP-2 peptide. This recruitment brings the fluorescein attached to the
coactivator peptide and the terbium attached to the GST antibody in close spatial
proximity, and excitation of the terbium at 340 nm results in a FRET and a
consequent partial excitation of the fluorescein observed at 520 nm. The 520 nm
signals were normalized to the signals obtained from the terbium emission at 495
nm and thus the 520 nm/495 nm ratios were used as a measure for the
TRAP220/DRIP-2 coactivator recruitment potential of the tested compounds. The
measurements were performed with a Tecan GeniosPro plate reader. The binding
curve was generated by plotting the emission ratio against log [ligand] using an
equation for a sigmoidal dose response (varying slope) provided by GraphPad™
Prism® 4.0 [177]. Figure 9 illustrates the plate setting of the experiments and the
measurement parameters of the assay in the Tecan GeniosPro instrument is

described below.

Measurement mode : Fluorescence
Excitation wavelength : 340 nm
Emission wavelength : 495 nm and 520 nm (first and second

measurement, respectively).
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Gain : Optimal
Number of reads :10
Integration time : 200 us
Lag time :0us
Mirror selection : Dichroic
Plate definition file : GRE96fb

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 2122 23 24

A
B
A1-B1 : No PPAR-LBD Control
A2-B2 : Negative (DMSO) Control
A3-B24 : Tested compounds (each in a duplicate)

Figure 10. The setting of a coactivator recruitment experiment in a 384-well plate

2.1.8. Adipocyte differentiation assay

3T3-L1 preadipocyte cells were cultured in a DMEM supplemented with 10
% new born bovine serum (NBS), and at confluency differentiated to adipocytes in
a DMEM supplemented with 10 % foetal bovine serum, 1 uyg/mL insulin, as well as
potential PPARy agonists. Briefly, the confluent cells (day 2) were kept for
additional two days in DMEM 10 % NBS, before PPAR agonists in DMEM and
insulin were added (day 0). Every two days, the medium was renewed until day 7
or 8. To estimate lipid accumulation, Oil Red O staining was performed. Cells were
fixed in 10 % formaldehyde for 1 hour and stained with Oil Red O for 10 minutes.
Excessive dye was washed off and then photos were taken. The bound dye was
solubilized by 100 % isopropanol and photometrically quantified at 550 nm. The

investigation of adipogenesis in this study was performed by Dr. Elke Heiss.
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2.2. Identification of NF-kB inhibitors

2.2.1. 293/NF-kB-luc cells

2.2.1.1. Origin

The origin of this cell line is the same as for HEK-293. 293/NF-kB-luc cells
were created by transfecting HEK-293 cells with pNF-kB-luc (Panomics P/N
LR0O051) and a hygromycin resistance gene. The hygromycin-resistant clone is
capable of producing luciferase upon TNF-a stimulation. 293/NF-kB-luc cells are
appropriate to study the activity of the NF-kB transcription factor at the cellular
level. They preserve a chromosomal integration of a luciferase reporter gene
construct regulated by multiple copies of the NF-kB response elements (Panomic,
Catalog No. RC0014).

2.2.2.2. Transient transfection

293/NF-kB-luc cells were seeded as HEK-293 and were transiently
transfected with 4 ug pEGFP-N1 for 6 hours. Transfected cells were harvested by
trypsinization, reseeded in a 96-well plate at a density of 4 x 10° cells/well in the

experiment medium and incubated overnight.

2.2.2. Luciferase reporter gene assay to detect NF-kB inhibition

The luciferase reporter gene assay to detect NF-kB inhibitors was performed
in a similar manner to that used for the identification of PPARy agonists. The
transiently transfected cells were pretreated with the respective compounds for 30
minutes prior to stimulation with 2 ng/ml TNF-a for 4 hours. The experiments were
performed in a 96-well plate with the setting similar to that of the PPARy agonist

assay. Parthenolide (5 pM), a potent NF-kB inhibitor, was used as a positive
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control. Obtained luminescence values were again normalized to EGFP-derived
fluorescence and related to the DMSO control group.

The diploma students Olivia Schrammel and Anna Grzywacz and also our
technicians Elisabeth Geiger and Judith Benedics contributed to the NF-kB

inhibitors investigation from the plant extracts. They worked under my guidance.

2.2.3. IKK-B inhibition assay

The IKK-B activity was measured with the ELISA-based (K-LISA™) IKK-B
activity assay (Calbiochem) with the conditions recommended by the
manufacturer. Test compounds dissolved in DMSO or solvent vehicle were
incubated with GST-IkB-a and human recombinant IKK-B in an assay buffer
containing ATP / MgCl,. GST-IkB-a, a 50-amino acid peptide that includes the
Ser32 and Ser36 IKK-B phosphorylation sites is used as a substrate. 30 minutes
incubation at 30 °C with human recombinant IKK-B in a glutathione-coated 96-well
plate, allows substrate phosphorylation. The phosphorylated GST-IkB-a substrate
was subsequently detected using antiphospho IkB-a (Ser32/Ser36) as first
antibody, followed by the HRP-conjugated secondary antibody. The colour
development of the HRP substrate was monitored at 450 nm on a Tecan
GeniosPro plate reader. The absorbance intensity was used as a measure for the
IKK-B activity. The presence of IKK-B inhibitors inhibits the phosphorylation step

and leads to a lower absorbance intensity.

2.2.4. Experiments with endothelial cells.

2.2.4.1. Origin of HUVECtert

HUVECtert, a human umbilical vein cell expressing telomerase reverse
transcriptase, was provided by Prof. Hannes Stockinger (Department of Molecular
Immunology, Center for Physiology, Pathophysiology and Immunology, Medical
University of Vienna, Austria) [178]. This immortalized cell line was derived from

parental primary cell (human umbilical endothelial cell) by introducing the catalytic
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subunit of human telomerase (hTERT). HUVECtert displays morphogenetic and
functional characteristics of the parental cells, and exhibits a survival advantage
beyond the hurdling of replicative senescence since it is more resistant to
programmed cell death [179, 180].

2.2.4.2. Treatment and cell lysates preparation

HUVECtert were seeded at a density of 5 x 10° cells per well in a 6-well
plate for 3 days. The culture medium was then replaced with 1.3 ml fresh medium.
After 30 minutes preincubation with the tested substances, the cells were
stimulated with TNF-a 10 ng/ml for 10 minutes. The medium was removed and the
plate was immediately put on ice and washed with ice-cold PBS. In each well, 100
Ml lysis buffer was added and the cells were scraped using cell scrapper after 5
minutes incubation on ice. The cell lysates were put into eppendorf tubes and then
centrifuged at 13.000 rpm (or 16.060 g) in 4 °C for 20 minutes. 5 yl of the cell
lysates was put into a small eppendorf containing 45 pl ddH,O for protein
quantification using Bradford assay. The rest of the cell lysates was used for

western blot analysis to analyze the expression of the protein of interest.

2.2.4.3. Protein quantification using the Bradford method

The Bradford assay is a colorimetric-based protein determination by
measuring the absorbance maximum shift of Coomassie Brilliant Blue G-250 from
465 nm (red) to 595 nm (blue) in acidic condition when binding to protein. The
absorbance linearly correlates with the protein concentration of the sample.
Diluted cell lysates (1:10 in ddH,O) were transferred to a 96-well plate in triplicate
besides a serial dilution (50 - 500 pg/ml) of BSA for standard curve. Bradford
reagent (Roti® Quant) was diluted (1:3) in ddH,0, and 190 pl were added to the 10
Ml cell lysate per well [181]. After 5 minutes of agitation on a plate shaker at room
temperature, the absorbance was measured at 595 nm in a Tecan Sunrise micro

plate reader.
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2.2.4.4. Gel electrophoresis

SDS-polyacrylamid gel electrophoresis was performed to separate proteins
in the cell lysates according to their size. 3 x SDS sample buffer containing 2-
mercaptoethanol was added to the cell lysates followed by 5 minutes heat
denaturation at 95 °C. This led to the breakup of the tertiary protein structures to
the linear primary structures. In addition, the anion part of the SDS was able by
average to bind two amino acid residues of the protein which significantly
increased negative charge of the proteins and abrogated differences in the
mass/charge ratio during separation process. Like this, the smaller size protein
migrates faster than the bigger one from the cathode to the anode through the
polyacrylamid polymers upon application of an electric field. In the separation
process, 15 - 30 pg protein was loaded per well, run in a Mini-PROTEAN"™ 3 Cell
System (BIO-RAD) connected to a Power supply Power Pac™ HC (BIO-RAD) and
separated at 25-30 mA per gel for 70 minutes.

A Mini Trans-Blot" Electrophoretic Transfer Cell System (BIO-RAD) was
run at 100 V for 90 minutes to transfer the proteins to a PVDF membrane (BIO-
RAD) previously equilibrated with methanol and subsequently blotting buffer for 5
minutes. The membranes were incubated in 5 % fat-free milk powder in TBS-T for
1 hour to block unspecific protein binding sites, followed by three times washing
for 10 minutes with TBS-T.

2.2.4.5. Protein detection

The antibodies against the protein of interest were diluted as described in
Table 8. The membranes were incubated with the specific primary antibodies at
4°C over night. After three washes with TBS-T for 10 minutes on a shaker, the
incubation with species-specific horseradish peroxidase-conjugated secondary
antibody was performed for 2 hours at room temperature. The membranes were
then washed three times with TBS-T for 10 minutes. In the meantime, ECL-
solution was prepared and immediately added to the membrane after washing.
The presence of p-coumaric acid in ECL-solution enhances the

chemiluminescence light produced by oxidation of luminol by H,O, catalyzed by
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Horseradish peroxidase. The reaction is accompanied by a light emission at 428
nm which can be detected as a luminescent image in the LAS-3000 instrument
and yields bands. AIDA software was used to quantify the band densitometrically.
In order to incubate with another primary antibody of interest, the membranes
were stripped with 0.5 M NaOH solution for 10 minutes followed by three washes
for 10 minutes in TBS-T. Then, the other primary antibody can be added and the
membranes were precessed as just described.

Anna Grzywacz partly contributed in this assay by performing one
experiment under my guidance to investigate the effect of plumericin on IkB-a

degradation.

2.2.4.6. Analysis of adhesion molecules

2.2.4.6.1. Flow cytometry

Flow cytometry is a method for measuring the properties of individual
particles using the principle of light excitation, scattering and emission of
fluorochrome particles. Once particles are injected to a flow cytometer, they are
randomly distributed in a three-dimensional space, thus, allowing the analysis of
their relative granularity, relative size, and relative fluorescence intensity. In
contrast to spectrophotometer which measure whole particles in a volume of
sample, flow cytometer measures the fluorescence intensity per particle or cell.
This method is generally used for investigation of surface protein and antigen
expression, membrane potential, cell cycle and apoptosis. In our instrument, the
cells were illuminated with an argon laser (488 nm) and the signals from fluorescence-

labelled antibodies were detected by a detector on a FACSCalibur™ instrument.

2.2.4.6.2. Staining of VCAM-1, ICAM-1 and E-selectin

HUVECtert were seeded at a density of 4 x 10° — 5 x 10° cells per well
overnight, or 2 x 10° — 3 x 10° cells per well for two days in a 6-well plate

containing 2 ml or 4 ml culture medium, respectively. The medium was replaced
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with 2 ml fresh medium 1 hour prior to pretreatment with respective compounds
followed by TNF-a (10 ng/ml) stimulation for 14 hours for VCAM-1 and ICAM-1
investigation or 5 hours for E-selectin. The stimulation was terminated by removing
the medium and the cells were harvested by trypsinization, then transferred to
FACS tubes and spun down at 1400 rpm (or 412 g) at 4 °C for 4 minutes. Cell
pellets were washed and resuspended in a PBS containing 1 % BSA and spun
down. This step was done twice and yielding washed cell pellets. To stain the
cells, 10 pl of the respective FITC-labelled antibody (anti-VCAM-1, -ICAM-1 and -
E-selectin as well as isotype-control) were added to the cell pellet and incubated at
the room temperature for 1 hour. After incubation, the cells were washed, spun
down and resuspended twice in a PBS containing 2 % BSA followed by a final
spinning down to obtain pellets. 300 yl PBS containing 2 % BSA were added to
the cell pellets and the stained cells were immediately analysed in a
FACSCalibur™ instrument in the FL-1 channel. Analysis of VCAM-1 and ICAM-1
was performed from the same cell pellet, whereas E-selectin was analysed in a

separate experiment.

2.2.5. Experiments with vascular smooth muscle cells

Vascular smooth muscle cells (VSMC) used in this study were isolated from
three different aortas of male Sprague-Dawley rat and the identity was verified by
fluorescence microscop using a monoclonal anti a-smooth muscle actin. The
isolation and verification were performed by Cornelia Schreiner, a fellow graduate

student in our laboratory, according to [182].

2.2.5.1. Culture of VSMC

The cells were grown in a phenol red-free Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 100 U/ml penicillin and 100 pg/ml
streptomycin, 2 mM glutamine and 10 % NBS and incubated in the cell incubator.
The cell passaging was done twice a week in a 150 cm? flask containing 20 ml

culture medium.
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2.2.5.2. Wound healing assay

A number of 2.5 x 10* cells was seeded in 6-well plates previously marked
with a straight line at the bottom. The cells were incubated in 4 ml medium per well
in the cell incubator for 72 hours. The confluent cell layer was then perpendicularly
scratched with a blue tip along the plate bottom, which caused a wounding area
(can be seen under the microscope). The cells were washed twice with PBS and
incubated with 2 ml starvation medium in the incubator for 24 hours. Prior to
stimulation, a picture of cells along the line was captured and the cells were
pretreated with the test compounds for 30 minutes. Cell migration was stimulated
with 2 ng/ml PDGF-BB for 21 hours. Cell pictures following stimulation were
captured again and the migration area was calculated with Irfan View, CellProfiler

and Microsoft Paint software.

2.2.6. Experiments with RAW 264.7 macrophages

Raw 264.7 cells are a macrophage-like cell line. They were established
from a tumour induced by intraperitoneal injection of Abelson murine leukaemia
virus in a male BALB/c mouse [183]. These cells have been commonly used in
medical researches for inflammation, metabolic and apoptosis studies. The cells

for the experiments were obtained from the ATCC.

2.2.6.1. Culture of RAW 264.7

Raw 264.7 cells were grown in a 150 cm? flask containing 20 ml culture
medium in the cell incubator. Culture medium was replaced with the fresh culture
medium every three days. Once reaching confluence, the cells were harvested
and reseeded at a density of 2 x 10° — 4 x 10° cells in a 150 cm? flask containing

20 ml culture medium.

51



MATERIALS AND METHODS

2.2.6.2. Seeding of Raw 264.7 cells

RAW 267.4 cells were seeded in a 96-well plate at a density of 8 x 10° cells
per well and incubated for 28 hours. Prior to 30 minutes pretreatment with
respective test compounds (prediluted in 50 pl medium) and subsequent
stimulation with 30 ng/ml LPS (diluted in 50 yl medium) per well, the medium was
replaced with 100 ul fresh medium per well. 18 hours after LPS stimulation, 100 pl
supernatant was transferred to a new 96-well plate for determination of NO
production (Griess assay), whereas the cells were used for a resazurin assay to
account for differences in cell number and/or cytotoxic effect of the test

compounds.

2.2.6.3. Griess assay

Griess assay is based on a diazotization reaction initially described by Griess
[184]. The reaction occurs between NO,, a breakdown product of physiological
NO, with sulphanilamide to form a diazonuim salt. The diazonuim salt reacts with
N-1-napthylethylenediamine in acidic condition to generate a pink-coloured azo
dye which can be spectrophotometrically quantified at 550 nm [185]. This method
can identify NO,™ in biological systems and tissue culture medium. To measure NO
produced by the RAW 267.4 macrophages, 100 pl cell supernatant was
transferred to a non-sterile 96-well plate and mixed with 100 pL of a 1:1 mixture of
1 % sulphanilamide in 5 % phosphoric acid and 0.1 % naphthylenethylendiamine
in water. These two components were freshly mixed prior to the measurement.
The absorbance of generated colour was spectrophotometrically measured in a

Tecan Sunrise instrument at 550 nm [185].

2.2.7. Resazurin-staining assay

The resazurin-staining assay was performed for normalization accounting
for cytotoxic effects of the test compounds and/or differences in cell number.
Resazurin is a water-soluble, membrane permeable and non toxic blue dye which

can be converted by reductase activity of living cells to resorufin, a highly
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fluorescence pink product. This method is fast, simple, accurate and sensitive and
has been used to test antimicrobial activity, bacterial contamination and cell
viability [186, 187]. In this assay, treated cells in 96-well plates were removed from
the incubator into the laminar flow hood and the medium was reduced to 90 pl per
well. 10 yl resazurin solution (0.1 mg/ml) in PBS was added to each well and the
plates were returned to the cell incubator for an additional 2 hours incubation. The
plates were fluorometrically measured in a Tecan GeniosPro plate reader
according to the following program parameters. For background correction, each

measurement included a blank containing culture medium without cells.

Measurement parameter for resazurin-staining assay

Measurement mode : Fluorescence Top
Excitation wavelength : 535 nm

Emission wavelength : 590 nm

Gain (Manual) : 20

Number of reads :10

Integration time : 2000 s

Lag time :0us

Mirror selection : Dichroic 2

Plate definition file : GRE96ft.pdf
Time between move and flash 140 ps

2.3. Statistics

The statistical analyses were done using GraphPad Prism software, version
4.03. The statistical differences among the treatments were compared using
oneway ANOVA followed by Benferroni’'s or Dunnett’s t-tests for comparison all
pairs of column and comparison to control, respectively. The bars in the figure

represent means + standard error of mean (SEM) or standard deviation (SD).
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1. Discovery of PPARy agonists

1.1. Optimization of transfection efficiency

HEK-293 cells have been widely used as a cell model for transfection-
related experiments. These cells are easy to transfect and have a good capability
to highly express proteins introduced through the transfected DNA plasmids. In
order to obtain a high transfection efficiency in this study, two transfection
methods: Fugene® HD and CaPO,, were compared. Figure 11 shows the
comparison of transfection efficiency among these two methods. The CaPO4
method produced higher transfection efficiency compared to Fugene® HD in HEK-
293 cells with achieving up to 90 % efficiency. Thus, this method was further used

to transfect the HEK-293 cells in the whole study.
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Figure 11. Optimization of transient transfection method in HEK-293 cells. (a) Comparison of
the Fugene® with the CaPQ, transfection method in HEK-293 cells. Representative result from two
independent experiments are shown. (b) Quantification of transfection efficiency is expressed as %
transfected cells. HEK-293 cells were transiently transfected with 12 ug EGFP with the respective
method for 6 hours. The EGFP level was determined by FACS analysis after 18 hours incubation.
The bars shown are means + SEM from two independent experiments.
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1.2. Validation of the bioassay

Transfection of HEK-293 cells with the PPARYy expression plasmid, PPRE
and EGFP resulted in transiently transfected cells responsive to the presence of
PPARYy agonists. The functionality of the method was validated by use of the
known PPARy agonist, troglitazone. Figure 12a demonstrates that troglitazone
dose dependently induced PPARYy activation. To assess whether the activation of
PPARYy is due to the binding of the agonist to the receptor, the cells were
pretreated for 30 minutes with GW9662, a PPARy antagonist, prior to troglitazone
treatment. Indeed, GW9662 was able to block PPARYy activation by troglitazone
(Figure 12b), indicating that the activation is due to PPARYy activation.
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Figure 12. Validation of the bioassay using PPARy agonist and antagonist. (a) Dose-
response of the transfected cells upon treatment with the PPARy agonist troglitazone. (b) Inhibition
of troglitazone-induced PPARY activation by the PPARy antagonist, GW9662. HEK-293 cells were
transiently cotransfected with a plasmid encoding full-length PPARYy, a reporter plasmid containing
PPRE coupled to a luciferase reporter and EGFP as internal control. The cells were stimulated with
the indicated concentrations of troglitazone (a) or GW9662 followed by troglitazone (b) for 18
hours. Luciferase activity was measured and normalized by the EGFP-derived fluorescence, and
the result was expressed as fold induction compared to the control DMSO (Co). The data show the
mean of one experiment performed in a quadruplet and are representative of two independent
experiments with similar result.

DMSO is commonly used to prepare the tested sample stock solutions. In

our study, most of the samples were also diluted in DMSO. Therefore, the effect of
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DMSO on this bioassay was evaluated. We found that DMSO in the concentration
range from 0.1 % to 1 % did not significantly influence PPARy-mediated reporter
gene transactivation (data not shown).

As we additionally performed screening to find novel PPARa agonists, the
functionality of the method was also validated. Treatment with a known PPARa
agonist, GW7647 induced PPARa activation in concentration-dependent manner,
and this activation was blocked in the presence of specific PPARa antagonist
GW6471 (Supplementary Figure 1). The identification and characterization of
compounds activating PPARa from the active plant extracts is on going. Therefore,

we are focusing on the identification of PPARy agonists in this section.

1.3. Investigation of a PPARy-activating potential of plant extracts

To identify novel PPARy agonist from natural sources, 511 plant extracts
were tested for their PPARy activation potency in a PPARy-mediated reporter
gene transactivation assay. Plant extracts were obtained from the collaborative
partners within the NFN (Nationales Forschungs Netzwerk) project “Drug from
Nature Targeting Inflammation (DNTI)”, or from collaboration partners at the
Department outside the DNTI. The plants were chosen for investigation based on
ethnopharmacological and computational approaches. The extracts were initially
tested at least in two independent experiments in the concentration of 10 ug/ml.
The concentration was lowered to 3 pug/ml or 1 ug/ml if cytotoxicity was observed,
as indicated by the lower value of EGFP-derived fluorescence. The extracts with
more than 1.5 fold activation compared to control DMSO were considered active
and marked with “+” Figure 13 shows one representative experiment comparing
the activity of several extracts (indicated with different numbers). In this

representative experiment, sample number 720 was considered active.
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Figure 13 Representative experiment comparing the activity of the tested samples in the
PPARYy-driven reporter gene assay.Tested samples (719-726) were applied at 10 ug/ml and
troglitazone (Tro, 5 uM) was used as a reference agonist to activate PPARy. The data shown are
means from one representative experiment (out of two) each performed in a quadruplet. Sample
number 720 which is inducing more than 1.5 fold activation compared to control (DMSO treatment)
was considered active in this experiment.

From the list of the tested extracts, several plants, that were considered as
most relevant, were selected for further separation and identification of the active
compounds (Table 11). In the following section, the discovery of PPARy agonists
from  Notopterygium  incisum  (active plant originating from the
ethnopharmacological approach) and Magnolia officinalis (active plant originating
from the computational approach) will be presented. Others plants are also

currently under investigation, but will not be presented in detail.

Table 11. The active plants selected for further isolation and identification of PPARy

agonists.
Selected active plant Current state with the identification of
the bioactive compounds
Albizia julibrissin Sub fractions
Arisaema sp. Fatty acids
Echinacea pallidia Polyacetylenes
Magnolia officinalis Neolignans
Melampyrum sp. Sub fractions
Notopterygium incisum Polyacetylenes
Peucedanum ostruthium Sub fractions, fatty acids
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1.4. Discovery of PPARy agonists guided by pharmacophore modeling

To identify novel natural product-derived PPARYy ligands, a pharmacophore-
based virtual screening approach was performed. This virtual screening work was
done by the group of Prof. Gerhard Wolber (Institute of Pharmacy, Department of
Pharmaceutical Chemistry, Freie Universitat Berlin) and Dr. Daniela Schuster
(Departmet of Pharmaceutical Chemistry and Centre for Molecular Biosciences
Innsbruck, University of Innsbruck). The pharmacophore model generation and
experimental validation were described previously [188, 189] and the best
pharmacophore model for PPARy partial agonists was selected [190]. Virtual
screening of the 3D multi-conformational natural product databases was
performed. Highly scored virtual hits were obtained from the chemical class of
neolignans. Dieugenol and tetrahydrodieugenol, both are small molecular weight
neolignans representing dimers of the abundant natural phenylpropanoid eugenol,
were selected from the hit list for further investigation. The highly similar magnolol,
which is also a major compound in the traditional Chinese herbal remedy magnolia
bark (hou po) [191], has also been selected for pharmacological evaluation. The
compounds were obtained from the group of Prof. Judith Rollinger and Prof.
Hermann Stuppner (Institute of Pharmacy/Pharmacognosy, University of

Innsbruck). The structures of the respective compounds are presented in Figure

14.
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Figure 14. Chemical structures of the compounds selected for pharmacological testing.
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1.4.1. PPARYy ligand binding assay

The LanthaScreen TR-FRET PPARy competitive binding assay was used
to validate the binding of predicted hits obtained from the virtual screening to the
purified PPARy LBD. In this assay, stronger binding of the tested compound to the
PPARYy LBD leads to a stronger displacement of the fluorescently labelled ligand
(Fluormone™ Pan-PPAR Green, Invitrogen) and subsequent decreasing of the
FRET signal. Pioglitazone, a selective PPARy agonist in clinical use, was used as

a positive control. Figure 15 shows dose-response studies with the predicted hits.
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Figure 15. PPAR ligand binding potential of neolignans. Serial dilutions of the tested
compounds were prepared in DMSO and mixed with a buffer solution containing a fluorescently-
labelled PPARYy agonist, terbium-labelled anti-GST antibody and the PPARy LBD tagged with GST.
Following 1 hour of incubation, the ability of the tested compounds to bind to the PPARy LBD and
thus to displace the fluorescently labelled ligand was estimated from the decrease of the emission
ratio 520 nm/495 nm upon excitation at 340 nm. Ki: inhibition constant. Each data point represents
the mean + SEM from three independent experiments performed in duplicate. The data were
analyzed with GraphPad Prism software using settings for nonlinear regression with sigmoidal
dose response and variable slope.

Figure 15 indicates that dieugenol, tetrahydrodieugenol and magnolol
showed binding properties similar to pioglitazone, while eugenol failed to bind to
the PPARy LBD (up to concentration of 100 pM). Interestingly, dieugenol and
tetrahydrodieugenol bound to the PPARy LBD with a higher affinity (Ki: 0.24 yM
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and 0.32 pM, respectively) than pioglitazone (Ki: 1.19 uM), whereas magnolol
showed a slightly lower affinity (Ki: 2.04 uM).

1.4.2. PPARYy luciferase reporter gene transactivation

To evaluate the functionality of the neolignans as PPARy agonists in intact
cells, we next performed PPARYy luciferase reporter gene assays. HEK-293 cells
were cotransfected with a PPARy expression plasmid, a PPAR luciferase reporter
plasmid (tk-PPREx3-luc), and EGFP as an internal control. Dieugenol,
tetrahydrodieugenol and magnolol concentration-dependently induced PPARy
activation in a concentration range similar to pioglitazone (Figure 16). Dieugenol
and tetrahydrodieugenol showed maximal activation or saturation response in the
same concentration range as pioglitazone (about 1 uM), indicating again similar
binding affinities to PPARy. However, the maximal activation achieved by
dieugenol and tetrahydrodieugenol was several folds lower than the full agonist

pioglitazone, suggesting a partial agonism of the neolignans.
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Figure 16. The activity of the neolignans towards PPARy in luciferase reporter
transactivation assay. HEK-293 cells were transiently cotransfected with a reporter plasmid
containing PPRE coupled to the luciferase reporter, PPARy expression plasmid, and EGFP as
internal control. Upon stimulation with the indicated concentrations of the respective compounds for
18 hours, luciferase activity was measured and normalized by the EGFP-derived fluorescence. The
result is presented as fold induction compared to the DMSO control. The data shown are means *
SEM from three independent experiments performed in quadruplet. The data were analyzed with
GraphPad Prism software using settings for nonlinear regression with sigmoidal dose response
and variable slope.
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1.4.3. Coactivator recruitment assay

Transcriptional regulation by the PPARy proteins is associated with a
conformation change of the receptor and recruitment of coactivator proteins such
as CBP, SRC-1, TRAP220, p300, upon binding of ligands to the PPARy LBD
[192]. Therefore, a TRAP220/DRIP-2 coactivator recruitment assay was performed
to investigate whether differences in the coactivator recruitment potential of the
formed ligand-receptor complex is the reason for the lower maximal activation
achieved by the neolignans in the luciferase reporter gene assay. Indeed,
dieugenol, tetrahydrodieugenol and magnolol just partially induced the recruitment
of the TRAP220/DRIP-2 coactivator peptide to the PPARy LBD, whereas the full
agonist pioglitazone induced a several folds higher activation (Figure 17).

Eugenol, as expected, failed to induce the recruitment of the coactivator peptide.
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Figure 17. The effect of neolignans on PPARYy coactivator recruitment. The recruitment of the
TRAP220/DRIP-2 coactivator peptide by the PPARy-ligand complex formed with the test
compounds was measured as described in details in the Materials and Methods section. The
respective concentrations of test compounds were prepared in DMSO and then mixed with the
PPARYy LBD tagged with GST in a buffer solution containing fluorescein-labelled TRAP220/DRIP-2
coactivator peptide and terbium-labelled anti-GST antibody. The emission at 520 nm and 495 nm
after excitation at 340 nm was measured after 1 hour incubation. The TRAP220/DRIP-2 coactivator
recruitment potential of the respective compounds was determined by emission ratio at 520 nm/495
nm. The data shown are means +* SEM from three independent experiments performed in
duplicate. The data were analyzed with GraphPad Prism software using settings for nonlinear
regression with sigmoidal dose response and variable slope.
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In line with the result from the luciferase reporter gene assay, the maximal
activation or saturation response induced with dieugenol, tetrahydrodieugenol,
magnolol, and pioglitazone was achieved at the similar concentration range.
However, the maximal activation induced with dieugenol, tetrahydrodieugenol, and
magnolol was again several times lower than that of the full agonist pioglitazone.

Taken together, dieugenol, tetrahydrodieugenol, and magnolol show a high
binding affinity against the PPARy LBD in a concentration range similar to that of
the clinically used agonist pioglitazone. However, the binding of these neolignans
to the PPARy LBD obviously induced different conformation of the ligand-receptor
complex than the one induced with the full agonist pioglitazone. Consequently,
these neolignans display partial agonism with respect to tk-PPREx3 promoter
activation and TRAP220/DRIP-2 coactivator recruitment [177].

1.4.4. Molecular docking studies

To obtain a deeper mechanistic understanding of the neolignan binding to the
PPARy LBD, the putative binding modes of these neolignans in silico were
investigated by docking them into the PPARYy binding pocket. This study was done
by the group of Prof. Gerhard Wolber and Dr. Daniela Schuster. The initial docking
of dieugenol, tetrahydrodieugenol, and magnolol to the PPARy binding pocket
demonstrated that these neolignans did not completely occupy the large ligand
binding pocket, and thus leave spaces and hydrogen bond possibilities for a
second ligand. Based on a recent study by Itoh et al. [193] showing that a fatty
acid bound to the LBD in a dimeric way, it has been assumed in these docking
studies that the agonistic activity of magnolol, dieugenol, and tetrahydrodieugenol

is also due to the simultaneous binding of two copies of neolignans to the LBD.
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Figure 18. Putative interactions between the PPARy ligand binding domain and the
neolignans dieugenol (a), tetrahydrodieugenol (b), and magnolol (c), visualized using
LigandScout software. The colours represent hydrophobic interaction (yellow sphere), hydrogen
bond donor (green arrow), hydrogen bond acceptor (red arrow) and aromatic interaction (blue
rings). The ligand binding pocket is illustrated as a surface coloured based on the
hydrophilicity/lipophilicity.

Docking of dieugenol into the PPARYy ligand binding pocket demonstrated
several hydrogen bonds between the binding site and the two dieugenol ligands
(Figure 18a). A hydrogen bond network is formed between Ser289 and Cys285
with one 2-methoxyphenol moiety of the dieugenol located next to arm |. Several
hydrogen bonds are also established by the second part of the ligand dimer by
interaction of its 2-methoxyphenol moieties with residues Ser342 and Glu343.
Another hydrogen bond network is also formed between both ligands involving the

other 2-methoxyphenol group of this copy of dieugenol. Additionally, hydrophobic
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contacts to the binding pocket are also established by the phenyl, vinyl and
methoxy moieties of both molecules. Similar to dieugenol, the docking of two
molecules of tetrahydrodieugenol to the ligand binding pocket resulted in the
prediction of a binding mode with similar protein-ligand interactions (Figure 18b).
The best prediction for the binding of magnolol is presented in Figure 18c.
One copy of the molecule situated between arm | and arm Il whereas another
copy of the ligand dimer located between arm |l and arm Ill. The molecule of
magnolol oriented towards arm |, and hydrogen bonds are formed between the
hydroxyl group of magnolol and residues Cys285 and Ser289. The hydroxyl group
of magnolol also forms a hydrogen bond with the hydroxyl group of the second
magnolol molecule of the dimer. Another hydrogen bond is formed by the
remaining hydroxyl group of the latter ligand with residue Gly284. Additionally,
several hydrophobic interactions are established by interaction of both molecules
with the three arms of the binding pocket. The higher affinity of dieugenol and
tetrahydrodieugenol compared to magnolol in the ligand binding assay could be
explained by the putative binding modes for the three compounds. Dieugenol and
tetrahydrodiegenol have more interactions with the PPARy binding pocket than

magnolol [177].

1.4.5. Selectivity study

To determine the selectivity of the neolignans on PPARYy over the other two
PPAR subtypes, the luciferase reporter gene assay using the respective receptor
types expression plasmids was performed. In this experiment, the expression
plasmid for PPARy was replaced with an expression plasmid for PPARa or
PPAR/®. In order to exclude species specific differences and to assess the
activity of neolignans also in a murine model, the compounds were also evaluated
for their potential to activate mouse PPARy (mPPARYy). Selective agonists of
PPARa, PPARB/S and PPARy (GW7647, GW0742, and pioglitazone, respectively)
were used to verify the selectivity of the test system. As shown in Table 12,
dieugenol, tetrahydrodieugenol, and magnolol activated PPARy 3.58-fold (ECso of
0.62 uM), 3.34-fold (ECso of 0.33 pM) and 3.03-fold (ECso of 1.62 pM),
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respectively. The neolignans exhibited a comparable potency of action also in the
mouse PPARy model indicated by a high similarity in the profile of activation seen
with human PPARYy. Consistent with the results obtained from the aforementioned
experiments, eugenol failed to activate any of the PPAR subtypes. Pioglitazone,
the positive control, demonstrated an 8.05-fold activation (ECso of 0.26 uM) and a
6.80-fold activation (ECsy of 0.22 pM) at human PPARy and mouse PPARYy,
respectively. Interestingly, dieugenol, and tetrahydrodieugenol selectively
activated PPARy without affecting the other two PPAR subtypes. Magnolol was

not equally specific, as it also activated PPAR[B/d at higher concentrations.

Table 12. The activity of the neolignans towards all subtypes of human PPAR (a, B/, y), as
well as towards mouse PPARYy, determined in luciferase reporter transactivation

assay*.
PPARa PPARB/® PPARy mPPARy
ECs, maximal ECs, maximal ECs, maximal ECs, maximal
(M) fold (M) fold (M) fold (M) fold
H activation | activation | ‘M activation | ‘M activation
GW7647 0.0016 3.09 - - - - - -
GWO0742 - - 0.0015| 22.47 - - - -
Pioglitazone - - - - 0.26 8.05 0.22 6.80
Dieugenol n.d. n.d. n.d. n.d. 0.62 3.58 0.93 2.93
Tetrahydrodieugenol | n.d. n.d. n.d. n.d. 0.33 3.34 0.38 2.98
Magnolol n.d. n.d. 11.41 2.45 1.62 3.03 1.14 2.81
Eugenol n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

* HEK-293 cells were transiently cotransfected with a reporter plasmid containing PPRE coupled to the luciferase
reporter, a respective PPAR subtype expression plasmid, and EGFP as internal control. Upon stimulation with the
indicated concentrations of the respective compounds for 18 hours, luciferase activity was measured and normalized by
the EGFP-derived fluorescence. The result is presented as fold induction compared to the DMSO vehicle control, and
n.d. denotes not detected (up to 30 pM). To verify the specificity of the respective assays, selective agonists for PPARa
(GW7647), PPARB/d (GWO0742), and PPARYy (pioglitazone), were used. GraphPad Prism software version 4.03
(GraphPad Software Inc, USA) with non linear regression (sigmoidal dose response) was used to calculate the ECs
and maximal fold activation. The data shown are means of three independent experiments performed in triplicate. Note:
mPPAR (mouse PPAR), PPAR (human PPAR)

In order to obtain compounds with possibly higher activity and to get insights into
the wunderlying structure-activity relationship, 31 magnolol derivatives were
synthesized (Supplementary Figure 2) and tested in the luciferase reporter gene

assay (
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Supplementary Table 2). Concerning PPARYy activation, unfortunately, none of
the derivatives demonstrated an impressively increased activity in comparison with
magnolol. Three compounds (number 753, 754 and 775) demonstrated slightly
higher PPARYy activation.

Apart from that, we were able to identify honokiol, another neolignan with a
high structural similarity and isolated from the same Magnolia officinalis extract, as
an activator of all three PPAR subtypes (PPAR pan-agonist). The honokiol-
induced activation of PPARRB/® higher (up to 4.90 fold activation, ECs9 6.25 uM)
than that of PPARa and PPARYy. The activation profile and the ECsg in respective
PPAR subtypes are shown in Supplementary Figure 3.

1.4.6. Adipogenic activity in 3T3-L1 preadipocytes

The effectiveness of neolignans in activating PPARy was then confirmed in
a relevant cell model endogenously expressing PPARYy. As it is widely accepted
that PPARy is a key factor in adipocyte differentiation [194], the adipogenic
potential of the compounds in preadipocytes (3T3-L1 cells) was investigated.
Rosiglitazone, a potent PPARy agonist was used as positive control in this
experiment [195].

Accumulated lipid droplets in the cells due to adipogenesis could be
visualized and subsequently quantified by Oil Red staining. In this experiment,
dieugenol, tetrahydrodieugenol, and magnolol treatment at 10 pyM led to the
differentiation of 3T3-L1 preadipocytes to adipocytes, whereas eugenol did not
exert adipogenic activity (Figure 19). Moreover, the adipogenic potential of
dieugenol, tetrahydrodieugenol, magnolol, and rosiglitazone was significantly
reduced by addition of the PPARy antagonist BADGE [195], demonstrating PPARy
dependency of the effect (Figure 19b).
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Figure 19. Induction of adipocyte differentiation by the neolignans. (a) Preadipocytes (3T3-L1)
were differentiated to adipocytes with 1 uM rosiglitazone, 50 uM BADGE or 10 uM of the
neolignans as described in the Materials and Methods section. To visualize the accumulated lipids,
Oil Red O staining was performed and representative photos of one experiment out of three are
depicted. (b) The dye accumulated in the cells was solubilised by 100% isopropanol and
photometrically quantified at 550 nm. The data shown are means + SEM from three independent
experiments. *, p < 0.05 (one-way ANOVA followed by Bonferroni’s post-test).
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1.5. The effect of PPARYy agonists on the NO production in macrophages

In atherogenesis, nitric oxide (NO) produced by activated macrophages is
increased in response to cytokines at the site of inflammation. Agonists of PPARy
have been reporter to inhibit NO production [196]. Therefore, rosiglitazone, a
selective PPARy agonist, was tested in RAW 264.7 macrophages for NO
production inhibitory activity.
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Figure 20. Influence of PPARy agonists on LPS-induced NO production in macrophages. (a)
Inhibition of LPS-induced NO production by rosiglitazone (Rosi) and troglitazone (Tro, 10 uM). (b)
Effect of the PPARy antagonist T0O070907 on the inhibition of LPS-induced NO production by
rosiglitazone. RAW 264.7 cells were pretreated with indicated concentrations of compounds for 30
minutes prior to stimulation with LPS for 18 hours. The NO released in the medium was measured
using the Griess assay and the values were normalized to the cell viability analyzed with the
resazurin cell viability assay. The values are relative to the DMSO treatment (Co), and Utr denotes
the untreated cells. The data shown are means + SEM from three independent experiments. *, p <
0.05; **, p < 0.01; n.s., not significant (one-way ANOVA followed by Dunnett’s post-test).

Parthenolide, a NF-kB inhibitor capable of inhibiting NO production was
used as a positive control. In this experiment, rosiglitazone was able to inhibit LPS
induced NO production at relatively high concentration of 30 uM (Figure 20a).
However, pretreatment with antagonist of PPARy, T0070907, failed to reverse the
effect, suggesting that the effect is independent of PPARy (Figure 20b). In
addition, treatment with another PPARYy agonist troglitazone (10 pM) did not inhibit
the NO production. In our experiment, the three neolignan activators of PPARy

failed to inhibit the NO production at concentration of 10 uM (data not shown).
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1.6. The effect of PPARy agonists on the migration of VSMC.

Migration of VSMC contributes to the development of atherosclerosis [197].
Although PPARY is expressed in VSMC [17], little data exist regarding inhibition of
VSMC migration by PPARYy agonists. Here, the effects of the selective PPARYy full
agonists pioglitazone and troglitazone on VSMC migration was investigated using
the wound healing assay (Figure 21). Upon PDGF-BB stimulation for 21 hours,
VSMC migrated to the scratched area. Pioglitazone and troglitazone treatment did
not show a significant inhibition of VSMC migration at 10 yM concentration. Similar
effects were also observed upon treatment with the three neolignans. This

suggests the lack of responsiveness of this model to PPARy agonists.

relative migration

Utr Co Tro Pio Mag Die Tet

PDGF 2 ng/ml

Figure 21. Influence of PPARy agonists on VSMC migration. (a) The effect of pioglitazone
(Pio), troglitazone (Tro), magnolol (Mag), dieugenol (Die), and tetrahidrodieugenol (Tet) on PDGF-
BB-induced migration. (b) Representative pictures of the wound healing assay. VSMC were serum-
starved for 24 hours and then scratched before pretreatment with the respective compound at 10
UM for 30 minutes, followed by stimulation with 2 ng/ml PDGF-BB for 21 hours. Pictures were
captured at 0 and 21 hours of stimulation. The cell free scratched areas in the pictures were
calculated by subtracting cell free area from both time points at the same location using Cellprofiler
software. The arbitrary values were normalized to the DMSO control (Co), and Utr denotes the
untreated cells. The bars represent means + SEM from three independent experiments. **, p <
0.01; n.s., not significant (one-way ANOVA followed by Dunnett’s post-test).

1.7. Discovery of PPARy agonists by the ethnopharmacological approach.

In this section, the utilization of an ethnopharmacological approach to select
plants for the screening of PPARYy agonists is described. Plants traditionally used

against inflammatory diseases were subjected to the PPARy-driven reporter gene
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transactivation assay to find potential plant extract that activate PPARy
(Supplementary Table 1). Among the active plants, several from the most
promising were subjected to a bioassay guided fractionation to isolate the active
compounds. Here, the results obtained with Notopterygium incisum, will be

presented.

1.7.1. Pharmacological evaluation of extracts in the PPARy-driven reporter

gene assay

The tested extracts were obtained from the groups of Prof. Brigitte Kopp
and Prof. Gottfried Reznicek (Department of Pharmacognosy, University of
Vienna), Prof. Rudolf Bauer (Institute of Pharmaceutical
Sciences/Pharmacognosy, University of Graz) and from the group of Prof.
Hermann Stuppner and Prof. Judith Rollinger (Institute of
Pharmacy/Pharmacognosy, University of Innsbruck). For the screening assays,
the extracts were initially tested at concentration of 10 pg/ml in the PPARy-driven
reporter gene transactivation assay as described in the Methods section. The
extracts that exhibit more than 1.5 fold activation compared to the vehicle control
(DMSO treatment) were considered active, and thus, marked with “+”. A

representative result of the screening assay was previously shown in Figure 13.

1.7.2. Discovery of PPARy agonists from Notopterygium incisum

The dichloromethane extract of Notopterygium incisum roots and rhizomes
was identified to activate PPARYy in our screening. The activation achieved by the
extract at concentration of 10 ug/ml was around 2-fold compared to vehicle control
(Figure 23). Bioassay-guided isolation from this plant extract led to the discovery
of six polyacetylene activators of PPARy. The six identified compounds are:
falcarindiol, 8-acetoxyfalcarinol, 9-epoxy-falcarindiol, crithmumdiol, 9O-
heptadecene-4,6-diyn-1-ol, and (2Z,92)-2,9-heptadecadiene-4,6-diyn-1-ol (Figure
22).
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Figure 22. Chemical structures of the polyacetylene activators of PPARYy.

To evaluate the functionality of the polyacetylenes as PPARy agonists in
intact cells, they were subjected to the PPARYy-driven luciferase reporter gene
assay. All polyacetylenes activated PPARYy in a concentration-dependent manner
(Figure 23). The activation achieved by the compounds at a concentration of 10
MM was around 2-fold compared to vehicle control and several folds lower than
that of the full agonist pioglitazone (1 uM).

To determine the ECso, the polyacetylenes were tested in a broader
concentration range. Furthermore, the selectivity of action over the other two
PPAR subtypes was determined. Verification of the selectivity of the test system
was achived by using selective agonists of PPARa, B/, and y (GW7647,
GWO0742, and pioglitazone, respectively). As shown in Table 13, 8-
acetoxyfalcarinol, falcarindiol, 9-epoxy-falcarindiol, crithmumdiol, 9-heptadecene-
4,6-diyn-1-ol and 2Z,92)-2,9-heptadecadiene-4,6-diyn-1-ol activated PPARy 2.36-
fold (ECso of 3.59 uM), 2.29-fold (ECsp of 4.25 uM), 1.88-fold (ECso of 2.03 uM)
and 2.29-fold (ECsp of 4.58 pM), 1.921 fold (ECso of 11.31 pyM), and 1.73-fold
(ECso of 4.18 uM), respectively, whereas pioglitazone, the positive control,
demonstrated 7.96-fold activation (ECsy of 0.31 uM). The pattern of PPARy

activation shown by the polyacetylenes was similar to the previously described
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neolignans, thus, it suggests partial agonism. Interestingly, all polyacetylenes

selectively activated PPARYy without affecting the other two PPAR subtypes.

pioglitazone | F— **
vehicle EE
Notopterygium incisum extract 0.
B 3 M
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Figure 23. The activity of the polyacetylenes towards PPARYy in the luciferase reporter
transactivation assay. HEK-293 cells were transiently cotransfected with a reporter plasmid
containing PPRE coupled to the luciferase reporter, a PPARy expression plasmid, and EGFP as
internal control. Upon stimulation with the indicated concentrations of the respective compounds for
18 hours, luciferase activity was measured and normalized by the EGFP-derived fluorescence. The
result is presented as fold induction compared to the vehicle (DMSO) control. The data shown are
means + SEM, of three independent experiments performed in triplicate. *, p < 0.05; **, p < 0.01;
n.s., not significant (one-way ANOVA followed by Dunnett’s post-test).
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Table 13. The activity of the polyacetylenes towards all subtypes of PPAR (a, B/5, y) in
luciferase reporter transactivation assay*.

PPARy PPARa PPARB/®
ECso | maximal ECso maximal ECso maximal
(LM) fold (MM) fold (LM) fold
activation activation activation
GW7647 - - 0.0021 3.08 - -
GW0742 - - - - 0.0017 20.20
Pioglitazone 0.31 7.96 - - - -
8-acetoxyfalcarinol 3.59 2.36 n.d. n.d. n.d n.d.
Falcarindiol 4.25 2.29 n.d. n.d. n.d n.d.
9-epoxy-falcarindiol 2.03 1.88 n.d. n.d. n.d n.d.
Crithmumdiol 4.58 2.29 n.d. n.d. n.d n.d.
9-Heptadecene-4,6-diyn-1-ol | 11.31 1.921 n.d. n.d. n.d n.d.
(22,92)-2,9-heptadecadiene 4.18 1.73 n.d. n.d. n.d n.d.
-4,6-diyn-1-ol

* HEK-293 cells were transiently cotransfected with a reporter plasmid containing PPRE coupled to the luciferase
reporter, a respective PPAR subtype expression plasmid, and EGFP as internal control. Upon stimulation with the
indicated concentrations of the respective compounds for 18 hours, luciferase activity was measured and normalized by
the EGFP-derived fluorescence. The result is presented as fold induction compared to the DMSO vehicle control, and
n.d. denotes not detected (up to 30 uM). To verify the specificity of the respective assays, selective agonists for PPARa
(GW7647), PPARB/S (GW0742), and PPARy (pioglitazone), were used. GraphPad Prism software version 4.03
(GraphPad Software Inc, USA) with non linear regression (sigmoidal dose response) was used to calculate the ECs
and maximal fold activation. The data shown are means of three to five independent experiments performed in
triplicate.

Taken together, several polyacetylene activators of PPARy have been
identified from Nototerigium incisum by bioassay-guided isolation. These
compounds selectively activated PPARy with a potency several folds lower than
the clinically used selective PPARYy agonist, pioglitazone. This finding reported for

the first time that polyacetylene is a new group of compounds activating PPARY.
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2. Discovery of NF-kB inhibitors

2.1. Validation of the bioassay

HEK-293 cell stably transfected with a NF-kB-driven luciferase reporter
gene were used for detection of NF-kB inhibitors in the tested samples. These
cells produce luciferase upon TNF-a stimulation due to activation of NF-kB. The
presence of NF-kB inhibitors such as parthenolide, leads to a lower level of
luciferase which can be quantified in a luminometer. Figure 24a and Figure 24b
demonstrate the response of the cells upon TNF-a stimulation and parthenolide

treatment, respectively.
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Figure 24. Validation of the NF-kB assay in 293/NF-kB-luc cells. (a) NF-kB response of the
cells towards TNF-a stimulation. 293/NF-«kB-luc cells were treated with various concentrations of
TNF-a for 4 hours, before cell lysates were subjected to detection of luciferase activity. (b) Effect of
parthenolide on TNF-a-stimulated 293/NF-kB-luc cells. 293/NF-kB-luc cells were pretreated with
the indicated concentration of parthenolide for 30 minutes and stimulated with 2 ng/ml TNF-a for 4
hours, before cell lysates were subjected to detection of luciferase activity. Luciferase activity was
normalized by the EGFP-derived fluorescence, and the result is expressed as a fold induction
compared to the DMSO control (Co). Utr denotes the untreated cells. The data shown are means +
SEM from two independent experiments each performed in quadruplet. *, p < 0.05; ** p < 0.01;
n.s., not significant (one-way ANOVA followed by Dunnett’s post-test).

As evident, TNF-a induces the production of luciferase in a concentration-
dependent manner and pretreatment with parthenolide inhibits NF-kB activation

concentration-dependently, indicating the functionality of the test system. The
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effect of DMSO was also evaluated in this system since all tested samples
(extracts, fractions and compounds) were diluted in DMSO. Serial concentrations
of DMSO were tested. We found that DMSO at the concentration range from 0.1
% to 1 % showed a dose-dependent inhibition of NF-kB activation in this system
(data not shown). Thus, the concentration of DMSO was kept identical in every
treatment. For the initial testing of the plant extracts (screening), a final DMSO

concentration of 0.1 % was always used.

2.2. Investigation of NF-kB inhibitors from plant extracts

Extracts from plants traditionally used for the treatment of inflammation-
related diseases were tested for their potency to inhibit TNF-a-induced NF-kB
activation in 293/NF-kB-luc cells. The extracts were initially tested in at least two
independent experiments at a concentration of 10 uyg/ml. The concentration was
lowered to 3 pg/ml or 1 pg/ml if an unspecific inhibitory effect was observed,
indicated by the lower value of EGFP-derived fluorescence. Parthenolide was
used for every testing to confirm the functionality of the respective experiment. The
tested samples showing more than 50 % inhibition were considered active, thus,
marked with “+”. The detailed results are presented in the Supplementary Table
1. Figure 25 provides a representative screening result showing the activity of the
tested extracts. In this experiment, extracts number 260 and 270 were considered
active.

Among the active plant extracts, several from the most promising plants
were selected for further separation and identification of the active compounds (

Table 14). In this work, the discovery of compounds inhibiting NF-kB from

Himathantus sucuuba and Krameria lappacea will be described in more detail.
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Figure 25. Representative screening results from the NF-kB-driven reporter gene assay.
Samples were tested at 10 ug/ml for their inhibitory activity on TNF-a-induced NF-kB activation.
Parthenolide (Par, 5 uM) was used as a positive control. The data shown are means from one
representative experiment (out of two) each performed in a quadruplet. Samples exhibiting NF-kB
activation less than 0.5 compared to control DMSO (Co) were considered active in each single
experiment. Utr denotes the untreated cells. At least two independent experiments with similar
outcome were performed before a sample was finally classified as “active” or “inactive”.

Table 14. The active plants selected for isolation and identification of NF-kB inhibitors.

Selected active plants Current state with the identification of
the bioactive compounds

Melampyrum sp. Subfractions

Himathantus sucuuba Plumericin

Krameria lappacea Benzofurans

Dryopteris filix-mas Subfractions

2.2.1. Discovery of plumericin as a NF-kB inhibitor

To find novel NF-kB inhibitors derived from medicinal plants, the
Himathantus sucuuba methanolic extract showing NF-kB inhibitor activity was
chosen for further separation and compound identification. Isolation and
identification of the active compounds from this plant was done by the research
group of our collaboration partner, Prof. Judith Rollinger and Prof. Hermann
Stuppner resulting in the discovery of the active compound plumericin. Plumericin
was isolated together with other inactive compounds: plumeridin, biochanin A, and
dihydrobiochanin A (Figure 26).
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Figure 26. Chemical structure of the compounds isolated from Himathantus sucuuba

Among those compounds, which were derived from active subfractions,
plumericin is the only active compound with a potent NF-kB inhibitory effect in
293/NF-kB-luc cells (ECsp 1.07 + 0.08 pM, Figure 27). Attempts to identify
additional active compounds from Himathantus sucuuba are still ongoing. Since
plumericin exhibited promising inhibitory activity, it was further studied in additional

inflammation-related models.
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Figure 27. Effect of plumericin on TNF-a-induced NF-kB activation. 293/NF-kB-luc cells were
pretreated with the indicated concentrations of plumericin or parthenolide (Par, 5 uM) for 30
minutes prior to stimulation with 2 ng/ml TNF-a for 4 hours. The luciferase activity was determined
by a luminometer and normalized to the fluorescence derived from the EGFP expression. The
values are normalized to the vehicle control DMSO (Co), and Utr denotes the untransfected cells.
The data shown represent means + SEM from three independent experiments. *, p < 0.05; **, p <
0.01; n.s., not significant (one-way ANOVA followed by Dunnett’s post-test).
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2.2.2.1. Effect of plumericin on endothelial cells

Endothelial dysfunction contributes to atherosclerosis by enhancing the
expression of adhesion molecules that increases endothelial permeability [198].
Since the expression of these adhesion molecules is regulated by NF-kB, we
investigate the effect of plumericin on TNF-a-induced cell surface expression of
adhesion molecules in endothelial cells. Immortalized human endothelial cells,
HUVECtert, were used for these investigations. As shown in Figure 28a-c, the
stimulation of cells with TNF-a led to increased expression of the adhesion
molecules VCAM-1, ICAM-1, and E-selectin. Treatment with plumericin dose-
dependently inhibited the cell surface expression of these adhesion molecules.
Moreover, plumericin at concentration of 5 yM supressed the expression of these
adhesion molecules to the basal level of the untreated control group. Flow
cytometric analysis (Figure 28d-f) demonstrates that the fluorescence intensity
(FL1-H) representing the binding of the respective FITC-labelled antibodies to the
adhesion molecules was increased upon TNF-a stimulation, and this effect was
completely reverted by plumericin treatment to the level of the unstimulated cells.

To determine the mode of action of plumericin in the NF-kB pathway, the
effect of plumericin on TNF-a-induced degradation of IkB-a was investigated. |kB-
a was completely degraded upon stimulation with TNF-a for 10 minutes. After 30
minutes, however, the IkB-a level started to recover (Figure 29a). Thus, 10
minutes stimulation was used to investigate the effect of plumericin on the
degradation of IkB-a. We found that plumericin at 5 uM significantly inhibited the
degradation of IkB-a in HUVECtert (Figure 29c). The inhibitory activity of

plumericin at different concentrations (1-30 uM) is shown in Figure 29b.
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Figure 28. Influence of plumericin on cell surface expression of endothelial adhesion
molecules. Plumericin inhibited TNF-a-induced VCAM-1 (a), ICAM-1 (b), and E-selectin (c)
surface expression. Representative flow cytometric analyses depicting the effect of plumericin (5
uM) are shown (d, e and f). HUVECtert were pretreated with the indicated concentrations of
plumericin for 30 minutes prior to stimulation with 10 ng/ml TNF-a for 14 hours. The level of VCAM-
1, ICAM-1 and E-selectin expression was determined by FACS analysis after addition of FITC-
labelled respective antibody. FL1-H denotes hight of fluorescence intensity. All values were
normalized to the control DMSO (Co), and Utr denotes the untreated cells. The data shown are
means + SEM from three independent experiments.*, p < 0.05; **, p < 0.01; n.s., not significant
(one-way ANOVA followed by Dunnett’s post-test).
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Figure 29. The inhibitory effect of plumericin on TNF-a-induced IkB-a degradation. (a) Time
course of the degradation of IkB-a upon TNF-a treatment. (b) Concentration dependance of the
inhibitory activity of plumericin on TNF-a-induced IkB-a degradation, 10 minutes after stimulation.
(c) Inhibitory activity of plumericin (5 uM) on TNF-a-induced IkB-a degradation for 10 minutes.
HUVECtert were preincubated with the indicated concentration of plumericin for 30 minutes prior to
the stimulation with TNF-a 10 ng/ml for 10 minutes. Cell lysates were subjected to western blot
analysis for IkB-a degradation and total a-tubulin. The blots shown are a representative blot from
three (c) and two (a, b) independent experiments. The Graph show the band intensity calculated
with densitometry as IkB-a protein/tubulin ratios. The bars are means + SEM, ** p<0.01; * p<0.05
(one-way ANOVA followed by Dunnett’s post-test).

It is known that IKK- is an upstream kinase regulator of IkB-a degradation
[199]. Therefore, we performed IKK-B in vitro enzymatic assay to assess whether
the effect of plumericin on the degradation of IkB-a is due to the inhibition of IKK-3
activity. Indeed, plumericin inhibited IKK-B activity in a concentration-dependent
manner (Figure 30). However, the effective concentration to inhibit the activity of
IKK-B in this in vitro experiment was higher compared to that in the cells-based
assays. This indicates that plumericin might inhibit NF-kB activation partly by
inhibition of IKK-[3.
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Figure 30. IKK-B inhibitory activity of plumericin in the in vitro enzymatic assay. IKK-G activity
was determined by ELISA as described in detail in the experimental section. The enzymatic activity
of human recombinant IKK-B was quantified for 30 min at 30 °C in the presence of DMSO vehicle
(Co), different concentrations of plumericin, or 400 uM 2-[(aminocarbonyl)amino]-5-(4-
fluorophenyl)-3-thiophenecarboxamide (IKK-8 inh). The colour development of the substrate was
quantified on a GeniosPro plate reader and the IKK-B activity is presented as percentage of the
activity of the vehicle treated control. The data shown are means + SEM from two independent
experiments performed in a duplicate. The bars are means + SEM, ** p<0.01; * p<0.05 (one-way
ANOVA followed by Dunnett’s post-test).

2.2.2. Discovery of NF-kB inhibitors from Krameria lappacea

In collaboration with the group of Prof. Judith Rollinger and Prof. Hermann
Stuppner, the root extract of Krameria lappacea or red rhatany, a plant traditionally
used in South America for the treatment of inflammatory diseases [200], was
investigated for its antiinflammatory activity. The extract demonstrated inhibitory
activity on TNF-a-induced NF-kB activation in 293/NF-kB-luc cells. Further
phytochemical and pharmacological evaluation resulted in the characterization of
12 benzofurans (Supplementary Figure 7). Four benzofurans (KT5, KT6, KT8,
and KT11, Figure 31a) inhibited TNF-a-induced NF-kB activation in the low
micromolar range (below 10 uM, Figure 31b). Further, the activity of KT8, the
most active compound among those benzofurans, was investigated for its ability to
inhibit IkB-a degradation upon TNF-a stimulation. Interestingly, it failed to inhibit
the degradation of IkB-a in HUVECtert (Figure 31c). In addition, KT8 did not
inhibit IKK-B activity in the in vitro enzymatic assay (Figure 32), suggesting that
KT8 might interfere with the NF-kB pathway downstream of IkB degradation.
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Figure 31. The activity of KT8 on TNF-a-induced NF-kB activation in 293/NF-kB-luc cells, and
IkB-a degradation in HUVECtert. (a) Chemical structure of the four most potent benzofuran
inhibitors of NF-kB isolated from Krameria lappacea and the respective ICsy in TNF-a-stimulated
293/NF-kB-luc cells. (b) The inhibitory activity of KT8 on TNF-a-stimulated 293/NF-kB-luc cells. The
293/NF-kB-luc cells transiently transfected with EGFP were pretreated with the compounds as
indicated and further stimulated with 2 ng/ml TNF-« for 4 hours. The cell lysates were subjected to
detection of luciferase activity and subsequently normalized to the fluorescence derived from
EGFP. The result is expressed as fold induction compared to the DMSO control (Co), and Utr
denotes the untreated cells. (c) Inhibitory activity of KT8 on IkB-a degradation. HUVECtert were
preincubated with the indicated concentration of KT8 for 30 minutes prior to stimulation with TNF-a
10 ng/ml for 10 minutes. Cell lysates were subjected to western blot analysis for IkB-a degradation
and total a-tubulin. The blot shown is a representative blot from three independent experiments.
The Graph shows the band intensity calculated with densitometry as IkB-a protein/tubulin ratios.
The bars are means + SEM. *, p<0.05; **, p<0.01; n.s., not significant (one-way ANOVA followed
by Dunnett’s post-test).
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Figure 32. IKK-B inhibitory activity of KT8 in the in vitro enzymatic assay. IKK-8 activity was
determined by ELISA as described in details in the experimental section. The enzymatic activity of
human recombinant IKK-B was quantified for 30 min at 30 °C in the presence of DMSQO vehicle
(Co), different concentrations of KT8, or 400 nM 2-[(aminocarbonyl)amino]-5-(4-fluorophenyl)-3-
thiophenecarboxamide (IKK-B inh). The colour development of the substrate was quantified on a
GeniosPro plate reader and the IKK-B activity is presented as percentage of the activity of the
DMSO control. The data shown are means + SEM from two independent experiments in
duplicate.”, p<0.05; **, p<0.01; n.s., not significant (one-way ANOVA followed by Dunnett’s post-
test).

In summary, four novel benzofuran inhibitors of NF-kB were identified from
the root of Krameria lappacea using TNF-a-stimulated 293/NF-kB-luc cells. KT8,
which represents the most active compound among them, did not inhibit 1kB-a
degradation in TNF-a-stimulated HUVECtert and also failed to inhibit IKK- activity
in vitro. These benzofurans might target downstream events in the NF-kB

pathway.

2.3. Identification of an IKK-$ inhibitor by a virtual screening approach

The ligand-based virtual screening was performed by the group of Prof.
Gerhard Wolber. This virtual screening resulted in 10 top-ranked compounds
predicted as IKK-B inhibitors (Supplementary Figure 6). From the 10 virtual hits,
Compound 8, demonstrated inhibition of IKK- in a cell-free in vitro assay in the
low micromolar range (ICsp: 6.95 + 0.55 uM, Figure 33a). Compound 8 was further
investigated for its ability to abolish TNF-a-induced NF-kB activation in stably
transfected HEK-293 cells having a luciferase reporter gene driven by a promoter
containing multiple copies of the NF-kB response element. In line with the effect

observed in a cell-free IKK-B in vitro assay, it indeed significantly inhibited TNF-a-
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induced NF-kB transactivation in intact cells in a concentration-dependent manner
(ICs0: 5.85 £ 0.97 puM, Figure 33b).
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Figure 33. The activity of Compound 8 identified by the virtual screening approach on the
IKK-B enzymatic activity in vitro and TNF-a-induced NF-kB activation in 293/NF-kB-luc cells.
(a) Compound 8 inhibited IKK-G activity in vitro. The IKK-8 activity was determined by ELISA as
described in details in the experimental section. The enzymatic activity of human recombinant IKK-
B was quantified for 30 min at 30 °C in the presence of DMSO vehicle (Co), different concentrations
of the compound, or 1 uM 2-[(aminocarbonyl)amino]-5-(4-fluorophenyl)-3-thiophenecarboxamide IV
(IKK-B inh). Utr denotes the untreated cells. The colour development of the substrate was
quantified on a GeniosPro plate reader and the IKK-B activity is presented as percentage of the
activity of the vehicle treated control. (b) The activity of Compound 8 in the NF-kB-driven reporter
gene assay. 293/NF-kB-luc cells transiently transfected with EGFP were pretreated with the
indicated concentration of compounds and stimulated with 2 ng/ml TNF-« for 4 hours. The cell
lysates were subjected to detection of luciferase activity and normalized to the fluorescence
derived from EGFP. Utr denotes the untreated cells. The graph represents the mean of three
independent experiments + SD. *, p < 0.05; **, p < 0.01; and *** p < 0.001 (two-tailed paired t-test).

To get a deeper mechanistic understanding regarding the binding mode of
Compound 8, molecular docking studies using a homology model of IKK-B were
performed. This study was done by the group of Prof. Gerhard Wolber, and
suggested a hydrogen bond interaction between Cys99 from the hinge region and
the ester carbonyl group of Compound 8 (Figure 34). In addition, two other
hydrogen bonds are formed between the residue Asp166 of the putative binding
side with the amine in the linker chain and one phenol hydroxyl group. In this
interaction, the hydrophobic pockets of the assumed binding site are occupied by

the two aromatic moieties of Compound 8 [201].
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Figure 34. Docking of Compound 8 into the homology model of IKK-B [201]. (a) The predicted
3D model of the ligand binding pose is shown with the receptor binding surface (color-coded by
aggregated hydrophilicity/hydrophobicity: blue/gray, respectively). (b)The predicted 2D model of
protein—ligand interactions is presented. Chemical features are color-coded: red/green arrow—
hydrogen-bond acceptor/donor; yellow spheres—hydrophobic interactions.
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D. DISCUSSION

1. Assay optimization and verification

Luciferase reporter gene assays were used for the screening of plant
extracts in order to identify PPARy agonists and NF-kB inhibitors. The PPARYy
assay required highly transfected cells and an effective and efficient transfection
method. Thus, HEK-293 cells were chosen and the transfection methods were
optimized. After testing several variables including the amount and the ratio of the
DNA plasmids, incubation time, and reagent composition, a highly efficient calcium
phosphate-based transfection method was established. This method yielded a
higher efficiency than achieved with Fugene® HD-based transfection. Currently
this method is well established and routinely used to identify PPAR agonists and
NF-kB inhibitors either from plant extracts or synthetic compounds.

In the PPARYy activity-driven luciferase activity, the dependency of the
bioassay on PPARy activation was confirmed. The presence of the selective
PPARy antagonist, GW9662, abolished the luciferase activity induced by the
selective PPARYy agonist, troglitazone. With respect to the TNF-a-induced NF-kB
activation in 293/NF-kB-luc cells, the sensitivity of the bioassay in the presence of
a NF-kB inhibitor was also confirmed. Parthenolide, a potent known NF-kB
inhibitor, was able to inhibit TNF-a-induced luciferase activity in a dose-dependent
manner. Furthermore, the effect of DMSO, the solvent mostly used in this study,
was also evaluated in both bioassays. DMSO did not affect the PPARYy activity-
driven luciferase activity. In contrast, a concentration-dependent inhibition of the
TNF-a-induced NF-kB activation in 293/NF-kB-luc by DMSO was found. The effect
of DMSO on the NF-kB pathway has been reported also in previous studies [202,
203].
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2. Discovery of PPARYy agonists and NF-kB inhibitors from plant extracts

Using the established assays, 511 plant extracts were evaluated for their
potential to activate PPARy and to inhibit NF-kB. The plants were selected based
on either an ethnopharmacological approach (traditional use against inflammatory
diseases), or based on a computational approach. The obtained results provide a
scientific basis to better understand the mechanisms of action of traditionally used
medicinal herbs for combating inflammatory diseases, and represent a valuable
preliminary study that could lead to further investigations aiming to identify the new
interesting bioactive compounds.

Due to the promising results in these experiments, several plants were
chosen for bioassay-guided isolation of compounds activating PPARYy or inhibiting
NF-kB. Considering the measured extract activity, the known chemical
constituents of each plant, and literature studies, Notopterygium incisum and
Magnolia officinalis, active plants selected by the ethnopharmacological and
computational approach, respectively, were chosen for further PPARy agonist
identification. Himatanthus sucuuba and Krameria lappacea were chosen for the

identification of NF-kB inhibitors.

3. Discovery of neolignans as activators of PPARy

Magnolia officinalis is a Chinese medicinal plant that is suggested to be
among the herbal drugs useful for combating the metabolic syndrome [204]. By
using our in silico approach including a pharmacophore-based virtual screening of
the natural product databases DIOS and CHM [205, 206], magnolol, a neolignan
and major constituent in the Magnolia bark, was predicted as PPARy agonist.
Recently, magnolol has been reported to enhance adipocyte differentiation in
C3H10T1/2 cells and 3T3-L1 cells, suggesting possible PPARy modulation [207].
Additionally, dieugenol and tetrahydrodieugenol, two other structurally related
neolignans previously reported to exert antimutagenic [208], antioxidant [209] and

antiinflammatory activity [210], were also predicted to act as PPARy agonists.
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The affinity of magnolol, dieugenol and tetrahydrodieugenol for the PPARy
LBD was experimentally confirmed in a PPARy competitive ligand binding assay
(Figure 15). As predicted from the pharmacophore model, all these neolignans
strongly bind to the receptor LBD in a concentration range similar to that of the
clinically approved PPARYy agonist pioglitazone. Based on these promising in vitro
findings, the ability of the neolignans to activate PPARy was further verified in a
cellular model. Indeed, magnolol, dieugenol and tetrahydrodieugenol activated
PPARYy in a cell-based luciferase reporter gene transactivation model in a dose-
dependent manner (Figure 16). The compound concentrations required to reach a
saturation response were similar to that of pioglitazone indicating again a
comparable affinity to the receptor binding pocket. Nevertheless, the maximal
activation reached by the neolignans was several folds lower than pioglitazone,
indicating partial agonism in this model.

It is known that distinct ligands of PPARy might induce ligand-receptor
complex formation with distinct coactivator recruitment patterns, thus leading to
distinct transactivation properties [192]. Hence, coactivator recruitment studies
were performed by comparing the TRAP220/DRIP-2 coactivator recruitment
properties of the PPARy-ligand complexes induced by the neolignans compared to
the full PPARYy agonist pioglitazone. Magnolol, dieugenol and tetrahydrodieugenol
again demonstrated partial agonism as the maximal activation induced by these
neolignans was several folds lower than that of pioglitazone (Figure 17). In
summary, the neolignans display a similar affinity towards PPARy compared to
pioglitazone but apparently induce PPARYy-ligand complexes with a distinct
conformation leading to partial agonism.

The development of novel partial PPARy agonists was suggested as a
promising approach in order to evade the adverse effects of thiazolidinediones
[211] [212]. Recently, metaglidasen (MBX-102), a selective partial agonist of
PPARYy with a weak transactivation activity and a distinct coactivator recruitment
potential, was reported to retain antidiabetic activity without weight gain and
edema side effects [66]. Therefore, the activation pattern demonstrated by
magnolol, dieugenol, and tetrahydrodieugenol make them a highly promissing

class of PPARy activators. Moreover, dieugenol and tetrahydrodieugenol
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selectively activated PPARy but not PPARa or PPARR/®. As the current clinically
used PPAR agonist, pioglitazone, is a subtype specific PPARy activator, the
subtype-specific action of neolignans represents another favorable feature of
action. From the other side, there are several studies indicating that PPAR pan-
agonists or dual-agonists might also provide benefits [211] [213].

Dieugenol and tetrahydrodieugenol demonstrated the highest effectiveness
among the tested neolignans in all systems used, followed by magnolol, whereas
eugenol failed to show any activity. In order to observe the binding mode of the
neolignans to the PPARy LBD, molecular docking was performed (Figure 18). The
docking studies indicate that the large binding pocket of the receptor
accommodates simultaneously two copies of each neolignan, and reveal that
dieugenol and tetrahydrodieugenol have more interactions with the receptor
binding pocket. Consequently, these two compounds demonstrated a higher
bioactivity.

Since the PPARYy luciferase reporter gene assay utilizes transient over-
expression of PPARy and thus represents a more artificial cell-based model, the
effect of all neolignans was also investigated in 3T3-L1 adipocytes, a functionall
relevant cell model making use of endogenously expressed PPARy for
differentiation. Corresponding with the results obtained from the previous models,
magnolol, dieugenol, and tetrahydrodieugenol induced adipocyte differentiation
and the presence of the PPARy antagonist BADGE abolished their effect. Again,
eugenol was not active, and this confirmed the results from all previous
experimental models as well as the predictions from the docking studies. Magnolol
is a major bioactive compound from the traditional Chinese herbal remedy
Magnolia bark. Even though this neolignan was not the most potent and specific
activator of PPARY in this study, the activities reported here are of interest, as they
are in accordance with the traditional application of Magnolia bark as a herbal
medicine combating metabolic disorders [204]. Unlike dieugenol and
tetrahydrodieugenol, magnolol acted as a dual agonist activating also PPARB/d at
a higher concentration range (Table 12).

Taken together, several novel neolignan agonists of PPARy were

discovered using a computational approach. In the receptor binding assays,
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dieugenol and tetrahydrodieugenol demonstrated a higher affinity for PPARy than
the clinically used agonist pioglitazone. Additionally, dieugenol and
tetrahydrodieugenol acted as selective activators of PPARy but not PPARa or
PPARB/6. In comparison to pioglitazone, dieugenol and tetrahydrodieugenol
exhibited a partial agonism in regard of PPARYy luciferase reporter gene
transactivation and TRAP220/DRIP-2 coactivator recruitment. Furthermore, they
induced adipocytes differentiation in 3T3-L1 cells through PPARYy activation. The
activation pattern exhibited by dieugenol and tetrahydrodieugenol makes them
highly promising novel PPARYy agonists, having the potential to be further explored

as leads for the development of novel pharmaceuticals or dietary supplements

4. Examination of PPARy agonists in further cell models relevant for

atherosclerosis

Since PPARY is reported to play a role in the regulation of the functions of
cells involved in atherosclerosis [34], we examined an influence of the identified
PPARYy agonists on NO production in macrophages and on migration of VSMC. It
is known that PPARYy is expressed in macrophages and involved in the negative
regulation of inflammation. Previous studies reported an effect of PPARy agonists
on the regulation of macrophages activation through inhibition of NO production
[196] [214]. However, whether this effect is really PPARy-dependent remains
unclear. In the experiments presented in this work, rosiglitazone inhibited NO
production in RAW264.7 macrophages only a quite high concentration (30 puM).
However, the presence of PPARy antagonist T0O070907 failed to abolish the effect
of rosiglitazone, suggesting that the inhibitory effect by rosiglitazone might be
PPARYy-independent. Furthermore, another selective PPARy antagonist, GW9662,
also failed to abolish the effect of rosiglitazone (data not shown). These findings
are in line with a previous report indicating that PPARYy is not required for the
inhibition of NO production by synthetic PPARy agonists at concentration higher
than 10 pM [215]. The inhibitory effect seems to be mediated through the
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proteasomal pathway [216]. Nevertheless, PPAR response element is present in
the iINOS promoter [217].

Migration of VSMC has a significant role in atherogenesis as well as in
restenosis after arterial stentity. In this work, the effect of PPARy agonists on
PDGF-induced VSMC migration was investigated. Stimulation of VSMC with 2
ng/ml PDGF-BB significantly induced cell migration. However, neither the selective
full agonists of PPARYy, troglitazone and pioglitazone, nor the neolignans exhibited
a significant inhibitory effect. Although a previous study showed that the PPARYy
agonists troglitazone and 15d-PGJ2 inhibit human VSMC migration [218], this
effect does not seem to occurre in our experiments using rat VSMC. Additionally,
the role of PPARY in VSMC migration remains controversial since recent studies
demonstrated that PPARP/® but less likely PPARy, is responsible for the
regulation of rat VSMC migration by inhibiting PDGF-induced expression of cyclin
D1 and CDK4 [219]. Moreover, activation of PPARy by rosiglitazone tended to
increase phosphorylation of Akt, a major regulator of cell proliferation and
migration [220]. Therefore, further studies are needed to clarify the role of PPARs

for the modulation of VSMC migration.

5. Discovery of polyacetylenes as activators of PPARy

Notopterygium incisum is used in Traditional Chinese Medicine (TCM) for
thousands of years to treat headache, cold and rheumatism [221]. The roots and
rhizomes of the plant contain Notopterol [222], phenethyl ferulate, falcarindiol and
(-)-bornyl ferulate, which are responsible for the antiinflammatory activity [223,
224], as well as other compounds such as nodakenin, p-hydroxyphenethyl anisate,
isoimperatorin, ferulic acid, trans-p-hydroxycinnamic acid and furocoumarins [225,
226].

Testing of Notopterygium incisum (radix and rhizome) dichloromethane
extract on the PPARy-driven luciferase reporter gene, followed by bioassay-guided
fractionation and isolation resulted in the discovery of six polyacetylenes as novel

activators of PPARYy. Although a previous study reported an in vivo antidiabetic
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activity of polyacetylenes isolated from Bidens pilosa [227], activation of PPARYy by
polyacetylenes was never described before. The polyacetylenes exhibited
activation patterns similar to the neolignans, with maximal activation several folds
lower than the full PPARy agonist pioglitazone, suggesting again a partial
agonism. Interestingly, the polyacetylenes selectively activated PPARy without
affecting PPARa or PPARP activation. The maximal activation achieved by the
polyacetylenes was equal to that of the initial extract which exhibits around 2-fold
activation compared to the DMSO control. Further experiments are necessary to
confirm their direct binding affinity to the receptor and functionality in relevant cell

models endogenously expressing PPARYy, such as adipocytes.

6. Discovery of plumericin as a NF-kB inhibitor

Himatanthus sucuuba is an Amazonian plant that traditionally has been
used in South America as painkiller, anaesthetic, antitumor agent, analgesic,
antitussive agent, aphrodisiac, antiarthritis and antiulcer agent [228-230].
Fractionation of the extract and further isolation of active compounds led to the
discovery of the spirolactone iridoid plumericin. This compound has been
previously reported to exhibit weak cytotoxic activity [231], as well as antimicrobial
[232], antifungal [233], and antileishmanial activity [234]. In this study, we
demonstrate that plumericin inhibits TNF-a-induced NF-kB activation in 293/NF-
kB-luc cells (ECso 1.07 £ 0.08 uM) with the potency equal to the positive control,
parthenolide (Figure 27). In TNF-a-stimulated HUVECtert, plumericin inhibited cell
surface expression of the adhesion molecules E-selectin, VCAM-1, and ECAM-1
in a dose-dependent manner. At a concentration of 5 pM, this iridoid dampened
the expression of adhesions molecules to the basal level. Moreover, the activity of
plumericin on adhesion molecules was also confirmed at the level of mMRNA (data
not shown, these experiments were done by the group of Prof. Bernd Binder,
Department of Vascular Biology and Thrombosis Research, Medical University of

Vienna).
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Plumericin might act by interfering with upstream proteins of the NF-kB
pathway, as it inhibited the degradation of IkB-a in TNF-a-stimulated HUVECtert
(Figure 29). Inhibition of IkB degradation by NF-kB inhibitors can occur through
several possible mechanisms. It might be explained by inhibition of IKK activity
(IkB phosphorylation), proteasomal degradation, ubiquitination or even interaction
with proteins upstream of IKK [235]. Considering the presence of an a,B-
unsaturated carbonyl in plumericin, this iridoid might potentially interact with
proteins from the NF-kB signalling cascade through Michael's addition to the
sulfhydryl groups of cystein residues [139]. Interestingly, plumeridin, an iridoid with
a highly similar structure and having an endocyclic a, B-unsaturated carbonyl! did
not inhibit TNF-a-induced NF-kB activation in 293/NF-kB-luc cells up to 10 pM.
This indicates that the exocyclic a, B-unsaturated carbonyl in plumericin might be
crucial for the activity.

Apart from the NF-kB inhibition activity, plumericin strongly activated Nrf2
(Supplementary Figure 4), a transcription factor regulatoring broad range of
genes involved in the antioxidant response to extrinsic and intrinsic cellular stress
[236]. This transcription factor is also involved in the prevention of cancer,
cardiovascular disease and inflammation [237]. Plumericin significantly activated
Nrf2 with a potency stronger than parthenolide and lower than 2-cyano- 3,12-
dioxooleana-1,9-dien-28-oic imidazolide (CDDO-IM), a known synthetic activator
of Nrf2. Since Nrf2 is able to block the NF-kB-dependent transcription machinery
and dampen NF-kB-controlled responses to pro-inflammtory stimuli [238], further
investigation on this effect is of great interest.

In summary, we discovered plumericin as a novel NF-kB inhibitor targeting
the signalling cascade upstream of IKB degradation, and inhibiting the surface
expression of adhesion molecules in HUVECtert. However, further investigation to
identify the specific protein targets is required to get deeper insight into the mode
of action of this compound. These findings might contribute to the development of
promising leads for an antiinflammatory therapy, and provide scientific evidence
regarding the traditional use of Himathantus sucuuba as an herbal medicine for

the treatment of inflammatory diseases.
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7. Discovery of benzofurans as NF-kB inhibitors

Another Amazonian plant that demonstrated inhibition of TNF-a-induced
NF-kB activation in 293/NF-kB-luc cells is Krameria lappacea. The root of this
plant has been used as a folk medicine in South America for the treatment of
inflammatory diseases, diarrhea and stomach cancer [200]. However, there is a
lack of scientific evidence clarifying these activities. By utilizing 293/NF-kB-luc
cells, four benzofurans with a high structural similarity were found to inhibit NF-kB
activation in the low micromolar range. Among them, KT8 is the most potent
compound with ECso 1.36 + 0.30 pM, exhibiting activity similar to that of
plumericin. In contrast to plumericin, KT8 failed to inhibit IkB-a degradation in TNF-
a-induced HUVECtert and IKK-B in vitro, suggesting that KT8 might inhibit NF-kB
signalling by targeting proteins downstream of IkB-a degradation. However, further
experiments clarifying the effect of KT8 and the other active benzofurans on NF-
kB-related signalling is needed. Apart from these results, the experiments
performed by our collaboration partner Dr. Aurelia Tubaro (Dipartimento dei
Materiali e delle Risorse Naturali, University of Trieste, Italy) showed that these
benzofurans exhibited in vivo antiinflammatory activity in a croton oil-induced
mouse ear dermatitis with effectiveness comparable to the positive control
indomethacin (data not shown).

In summary, this work describes the identification of several benzofuran
inhibitors of NF-kB from the Amazonian plant Krameria lappacea. These
compounds inhibit NF-kB activation probably by interfering with signalling proteins
downstream of IkB-a degradation, having the potential as antiinflammatory lead

compounds.

8. Discovery of a novel IKK-$ inhibitor by ligand-based virtual screening

Recently, Nagarajan et al. established an IKK-f homology model using a
biological screening of predicted inhibitors to validate the model [239]. In our

collaborative work with the group of Prof. Gerhard Wolber, a 3D pharmacophore
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model based on the reported IKK-B inhibitors was developed and pharmacophore-
based virtual screening of compounds from the database of the National Cancer
Institute was performed. Furthermore, the pharmacophore-based hitlist were
ranked by 3D shape-based scoring [201]. The biological evaluation of the 10 top-
ranked virtual screening hits was performed on a TNF-a-induced NF-kB
transactivation in 293/NF-kB-luc cells and on IKK-(3 in vitro activity.

Among the virtual hits, Compound 8 was the most potent and inhibited NF-
KB activation in the low micromolar range with a comparable potency in 293/NF-
kKB-luc cells, as well as IKK-B activity in a cell-free in vitro assay. This verified the
effectiveness of Compound 8 in intact cells, and thus it could represent an
interesting lead for further medicinal chemistry optimization to obtain novel agents
to combat inflammatory diseases. Molecular docking study using the homology
model of IKK-B demonstrated that the two aromatic moieties of Compound 8 were
situated at the hydrophobic pockets of the assumed binding site and several
hydrogen bonds were formed [201]. Apart from that, the unprecedented
development of a ligand-based pharmacophore model for IKK- inhibitors and the
application of pharmacophore-based virtual screening techniques combined with
3D shape-based re-scoring might contribute to the development of tools for
identification inhibitors of IKK-[3.
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It is known that inflammation contributes to the development of
atherosclerosis. PPARy and NF-kB are transcription factors that are involved in
the regulation of the inflammatory response. Thus, the discovery of compounds
targeting the activity of both transcription factors is of great interest. The aim of this
study was to discover natural compounds activating PPARYy or inhibiting NF-kB
and to characterize their mechanism of action in the cellular context. Plants
traditionally used for the treatment of inflammatory diseases were tested for
PPARYy activation and NF-kB inhibition using the established luciferase reporter
gene assays. Several active plants were selected for further isolation and
identification of the bioactive compounds.

Magnolol, a neolignan isolated from Magnolia officinalis, together with two
other neolignans with high structural similarity, dieugenol and tetrahydrodieugenaol,
were discovered as PPARy agonist guided by a computational model. Their
activation profile in the luciferase reporter gene- and coactivator recruitment-
assays indicated that these neolignans act as PPARy partial agonists.
Interestingly, dieugenol and tetrahydrodieugenol selectively activated PPARy with
a binding affinity higher than pioglitazone, a clinically used PPARYy full agonist,
whereas magnolol was binding to the PPARy LBD with a slightly lower affinity.
Docking studies suggested that two copies of the neolignans simultaneously bind
to the binding site of PPARy. The functionality of the neolignans was also
confirmed by induction of adipogenesis of 3T3-L1 preadipocytes, a functionally
relevant cell model with endogenous expression of PPARy. Apart from that,
several polyacetylenes isolated from Notopterygium incisum were also discovered
as PPARy agonists utilizing bioassay-guided isolation. These compounds
selectively activated PPARy with an activation profile suggesting a partial
agonism.

In respect of identification of the NF-kB inhibitors from plants, plumericin, an

iridoid isolated from Himatanthus sucuuba, was found as a novel NF-kB inhibitor.
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It exhibited potency comparable to the positive control parthenolide in TNF-a-
induced 293/NF-kB-luc cells. Plumericin also inhibited the cell surface expression
of adhesion molecules and IkB degradation in TNF-a-stimulated HUVECtert,
suggesting that it targets signaling events upstream of IKkB degradation. In
addition, four benzofurans isolated from Krameria lappacea were also found to
inhibit NF-kB activation in TNF-a-induced 293/NF-kB-luc cells. Unlike plumericin,
the benzofurans failed to inhibit the enzymatic in vitro IKK-B activity and the IkB-a
degradation in TNF-a-stimulated HUVECtert. We further identified Compound 8 as
novel IKK-B inhibitor by ligand-based virtual screening techniques. It showed a
comparable potency in the in vitro assay with purified IKK-B enzyme as well as in
intact cells. This synthetic compound represents a new chemical class of IKK-3
inhibitor, and the finding demonstrated the validity of the method for identification
and development of IKK-f3 inhibitors.

In this study, we present the discovery of several PPARy agonists and NF-
KB inhibitors from medicinal plants and provide scientific evidence regarding the
traditional usage of medicinal herbs for combating inflammatory diseases. These
findings might contribute to the development of highly promising novel PPARy
agonists and NF-kB inhibitors having the potential to be further explored as leads

for the development of novel pharmaceuticals or dietary supplements.
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Supplementary Figure 1. Validation of the bioassay using PPARa agonist and antagonist. (a)
Dose-dependent PPARa activation in transfected cells by the PPARa agonist GW7647. (b)
Inhibition of GW7647-induced PPARa activation by the PPARa antagonist, GW6471. HEK-293
cells were transiently cotransfected with a plasmid encoding full-length PPARa, a reporter plasmid
containing PPRE coupled to a luciferase reporter, and EGFP as internal control. The cells were
stimulated with the indicated concentrations of GW7647 (a) or GW6471 followed by GW7647 (b)
for 18 hours. Luciferase activity was measured and normalized by the EGFP-derived fluorescence,
and the result is expressed as fold induction compared to the control DMSO (Co). One experiment
performed in a quadruplet is shown, out of two independently performed experiments with similar

result.
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Supplementary Table 1. List of plant extracts tested for a PPARa and y agonistic and NF-kB
inhibitor activity using luciferase reporter gene assay

Testing of plant extracts for PPARYy activation and NF-kB inhibition
(Prof. Brigitte Kopp)
Plant species Part Solvent PPARa | PPARy | NFkB | Code
1 | Agrimonia sp. HB DCM - - + 1
2 | Agrimonia sp. HB DCM (CS) - - + 2
3 | Agrimonia sp. HB MeOH - - - 3
4 | Agrimonia sp. HB MeOH (TS) - - - 179
5 | Agropyron repens RH DCM + + - 396
6 | Agropyron repens RH MeOH - - - 397
7 | Agropyron repens RH MeOH (TS) - - - 398
8 | Ajuga genevensis HB DCM - - - 257
9 | Ajuga genevensis HB DCM (CS) - - - 258
10 | Ajuga genevensis HB MeOH (TS) - - - 259
11 | Ajuga genevensis HB MeOH - - - 260
12 | Ajuga reptans HB DCM - - - 261
13 | Ajuga reptans HB DCM (CS) - - - 262
14 | Ajuga reptans HB MeOH - - - 263
15 | Ajuga reptans HB MeOH (TS) - - - 264
16 | Alnus viridis FO DCM - - - 330
17 | Alnus viridis FO DCM (CS) - - + 331
18 | Alnus viridis FO MeOH - - - 332
19 | Alnus viridis FO MeOH (TS) + + + 333
20 | Angelica archangelica RD DCM - - + 4
21 | Angelica archangelica RD MeOH - - - 5
22 | Angelica archangelica RD MeOH (TS) - - - 180
23 | Angelica sylvestris RD DCM - - - 399
24 | Angelica sylvestris RD MeOH - - - 400
25 | Angelica sylvestris RD MeOH (TS) + + + 401
26 | Bellis perennis FL DCM + + + 192
27 | Bellis perennis FL MeOH - - - 193
28 | Bellis perennis FL MeOH (TS) - - - 194
29 | Berberis vulgaris FR DCM - - - 6
30 | Berberis vulgaris FR MeOH - - - 7
31 | Berberis vulgaris FR MeOH (TS) + + - 181
32 | Beta vulgaris RD DCM - - - 189
33 | Beta vulgaris RD MeOH - - - 190
34 | Beta vulgaris RD MeOH (TS) - - - 191
35 | Betonica officinale HB DCM - - - 265
36 | Betonica officinale HB DCM (CS) - - - 266
37 | Betonica officinale HB MeOH - - - 267
38 | Betonica officinale HB MeOH (TS) - - - 268
39 | Calluna vulgaris HB DCM - - + 8
40 | Calluna vulgaris HB DCM (CS) - - + 9
41 | Calluna vulgaris HB MeOH - - - 10
42 | Calluna vulgaris HB MeOH (TS) - - - 182
43 | Capsella bursa-pastoris HB DCM + + + 402
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44 | Capsella bursa-pastoris HB DCM (CS) + + - 403
45 | Capsella bursa-pastoris HB MeOH - - - 404
46 | Capsella bursa-pastoris HB MeOH (TS) + + + 405
47 | Circea lutetiana HB DCM - - - 334
48 | Circea lutetiana HB DCM (CS) + + - 335
49 | Circea lutetiana HB MeOH - - - 336
50 | Circea lutetiana HB MeOH (TS) - - - 337
51 | Epilobium angustifolium HB DCM - - - 14
52 | Epilobium angustifolium HB DCM (CS) - - - 15
53 | Epilobium angustifolium HB MeOH - - - 16
54 | Epilobium angustifolium HB MeOH (TS) + + - 184
55 | Epilobium montanum HB DCM - - - 406
56 | Epilobium montanum HB DCM (CS) - - - 407
57 | Epilobium montanum HB MeOH - - - 408
58 | Epilobium montanum HB MeOH (TS) + + - 409
59 | Epilobium parviflorum HB DCM - - + 11

60 | Epilobium parviflorum HB DCM (CS) + - - 12
61 | Epilobium parviflorum HB MeOH - - - 13
62 | Epilobium parviflorum HB MeOH (TS) - - - 183
63 | Equisetum arvense HB DCM - - + 338
64 | Equisetum arvense HB DCM (CS) + + + 339
65 | Equisetum arvense HB MeOH - - - 340
66 | Equisetum arvense HB MeOH (TS) - - - 341
67 | Equisetum palustre HB DCM - - - 338
68 | Equisetum palustre HB DCM (CS) - - + 339
69 | Equisetum palustre HB MeOH - - - 340
70 | Equisetum palustre HB MeOH (TS) - - - 341
71 | Euphrasia rostkoviana HB DCM - - - 342
72 | Euphrasia rostkoviana HB DCM (CS) + + - 343
73 | Euphrasia rostkoviana HB MeOH - - - 344
74 | Euphrasia rostkoviana HB MeOH (TS) - - - 345
75 | Euphrasia sp. HB DCM - - + 17

76 | Euphrasia sp. HB DCM (CS) + - - 18

77 | Euphrasia sp. HB MeOH - - - 19

78 | Euphrasia sp. HB MeOH (TS) - - + 185
79 | Filipendula ulmaria HB DCM - - + 20

80 | Filipendula ulmaria HB DCM (CS) + + + 21

81 | Filipendula ulmaria HB MeOH - - - 22

82 | Filipendula ulmaria HB MeOH (TS) - - + 186
83 | Filipendula ulmaria FO DCM - - - 346
84 | Filipendula ulmaria FO DCM (CS) + + - 347
85 | Filipendula ulmaria FO MeOH - - - 348
86 | Filipendula ulmaria FO MeOH (TS) - - - 349
87 | Filipendula vulgaris FL DCM - - - 273
88 | Filipendula vulgaris FL MeOH - - - 274
89 | Filipendula vulgaris FL MeOH (TS) - - - 275
90 | Gentiana punctata HB DCM - - - 350
91 | Gentiana punctata HB DCM (CS) - - - 351
92 | Gentiana punctata HB MeOH - - - 352
93 | Gentiana punctata HB MeOH (TS) - - - 353
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94 | Gentiana punctata RD DCM - - - 354
95 | Gentiana punctata RD MeOH - - - 355
96 | Gentiana punctata RD MeOH (TS) + - - 356
97 | Geum montanum RD DCM - - + 414
98 | Geum montanum RD MeOH - - - 415
99 | Geum montanum RD MeOH (TS) - - - 416
100 | Geum urbanum HB DCM - - + 195
101 | Geum urbanum HB DCM (CS) + + + 196
102 | Geum urbanum HB MeOH - - - 197
103 | Geum urbanum HB MeOH (TS) - - + 198
104 | Geum urbanum RD DCM + + - 417
105 | Geum urbanum RD MeOH - - - 418
106 | Geum urbanum RD MeOH (TS) + + - 419
107 | Glechoma hedera HB DCM - - - 23
108 | Glechoma hedera HB DCM - - + 23
109 | Glechoma hedera HB MeOH - - - 25
110 | Glechoma hedera HB MeOH (TS) + + - 168
111 | Hippophae rhamnoides FR DCM - - - 357
112 | Hippophae rhamnoides FR MeOH - - - 358
113 | Hippophae rhamnoides FR MeOH (TS) - - - 359
114 | Hypericum maculata HB DCM - + + 360
115 | Hypericum maculata HB DCM (CS) + - - 361
116 | Hypericum maculata HB MeOH - - - 362
117 | Hypericum maculata HB MeOH (TS) + + - 363
118 | Linum usitatissimum SE DCM - - - 364
119 | Linum usitatissimum SE MeOH - - - 365
120 | Linum usitatissimum SE MeOH (TS) - - - 366
121 | Lycopodium sp. HB DCM - - + 26
122 | Lycopodium sp. HB MeOH - - - 27
123 | Lycopodium sp. HB MeOH (TS) + + - 169
124 | Majorana hortensis HB DCM - - - 367
125 | Majorana hortensis HB DCM (CS) - - + 368
126 | Majorana hortensis HB MeOH - - - 369
127 | Majorana hortensis HB MeOH (TS) + + - 370
128 | Malva neglecta HB DCM - - - 410
129 | Malva neglecta HB DCM (CS) + + - 411
130 | Malva neglecta HB MeOH - - - 412
131 | Malva neglecta HB MeOH (TS) - - + 413
132 | Malva sp. FO DCM - - + 28
133 | Malva sp. FO DCM (CS) + + - 29
134 | Malva sp. FO MeOH - - - 30
135 | Malva sp. FO MeOH (TS) - - + 170
136 | Melampyrum sp. HB DCM - - - 276
137 | Melampyrum sp. HB DCM - - - 277
138 | Melampyrum sp. HB MeOH - - - 278
139 | Melampyrum sp. HB MeOH (TS) - - + 279
140 | Melissa officinalis FO DCM - - + 199
141 | Melissa officinalis FO DCM (CS) + + + 200
142 | Melissa officinalis FO MeOH - - - 201
143 | Melissa officinalis FO MeOH (TS) - - + 202
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144 | Origanum vulgare HB DCM - - - 371
145 | Origanum vulgare HB DCM (CS) - - - 372
146 | Origanum vulgare HB MeOH - - - 373
147 | Origanum vulgare HB MeOH (TS) + - - 374
148 | Petasites hybridus FO DCM - - - 420
149 | Petasites hybridus FO DCM (CS) - - - 421
150 | Petasites hybridus FO MeOH - - - 422
151 | Petasites hybridus FO MeOH (TS) - - - 423
152 | Peucedanum ostruthium FO DCM - - - 424
153 | Peucedanum ostruthium FO DCM (CS) - - - 425
154 | Peucedanum ostruthium FO MeOH - - - 426
155 | Peucedanum ostruthium FO MeOH (TS) + + + 427
156 | Peucedanum ostruthium RD DCM - - + 31

157 | Peucedanum ostruthium RD MeOH - - - 32
158 | Peucedanum ostruthium RD MeOH (TS) + + + 171
159 | Picea abies HB DCM - - + 280
160 | Picea abies HB DCM (CS) - - - 281
161 | Picea abies HB MeOH - - - 282
162 | Picea abies HB MeOH (TS) - - - 283
163 | Pimpinella major RD DCM - - - 428
164 | Pimpinella major RD MeOH - - - 429
165 | Pimpinella major RD MeOH (TS) - - - 430
166 | Plantago lanceolata FO DCM - - + 33
167 | Plantago lanceolata FO DCM (CS) - - + 34
168 | Plantago lanceolata FO MeOH - - - 35
169 | Plantago lanceolata FO MeOH (TS) + + + 172
170 | Potentilla anserina HB DCM - - + 36
171 | Potentilla anserina HB DCM (CS) + + - 37
172 | Potentilla anserina HB MeOH - - - 38
173 | Potentilla anserina HB MeOH (TS) - - - 173
174 | Prunella vulgaris HB DCM - - - 284
175 | Prunella vulgaris HB DCM (CS) + + + 285
176 | Prunella vulgaris HB MeOH - - - 286
177 | Prunella vulgaris HB MeOH (TS) - - - 287
178 | Ribes sp. FR DCM + + - 431
179 | Ribes sp. FR MeOH - - - 432
180 | Ribes sp. FR MeOH (TS) + + - 433
181 | Rosa canina FR DCM - - - 39
182 | Rosa canina FR MeOH - - - 40
183 | Rosa canina FR MeOH (TS) + + - 174
184 | Rumex alpinus FO DCM - - - 434
185 | Rumex alpinus FO DCM (CS) - - - 435
186 | Rumex alpinus FO MeOH - - - 436
187 | Rumex alpinus FO MeOH (TS) - - - 437
188 | Rumex alpinus RD DCM - - - 438
189 | Rumex alpinus RD MeOH - - - 439
190 | Rumex alpinus RD MeOH (TS) - - - 440
191 | Salvia officinalis FO DCM - - + 375
192 | Salvia officinalis FO DCM (CS) - - + 376
193 | Salvia officinalis FO MeOH - - - 377
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194 | Salvia officinalis FO MeOH (TS) - - + 378
195 | Sambucus ebulus FR DCM - - - 441
196 | Sambucus ebulus FR MeOH - - - 442
197 | Sambucus ebulus FR MeOH (TS) - - - 443
198 | Sambucus nigra FL DCM - - - 379
199 | Sambucus nigra FL MeOH - - - 380
200 | Sambucus nigra FL MeOH (TS) + + - 381
201 | Sambucus nigra FR DCM - - - 41

202 | Sambucus nigra FR MeOH - - - 42
203 | Sambucus nigra FR MeOH (TS) + + + 175
204 | Sanicula europea RD DCM - - - 288
205 | Sanicula europea RD MeOH - - - 289
206 | Sanicula europea RD MeOH (TS) - - - 290
207 | Sorbus aucuparia FR DCM - - - 43
208 | Sorbus aucupatria FR MeOH - - - 44
209 | Sorbus aucuparia FR MeOH (TS) + + - 176
210 | Symphytum officinale CA DCM - - - 295
211 | Symphytum officinale CA DCM - - - 296
212 | Symphytum officinale CA MeOH - - - 297
213 | Symphytum officinale CA MeOH (TS) + + - 298
214 | Symphytum officinale FO DCM - - - 291
215 | Symphytum officinale FO DCM (CS) - - - 292
216 | Symphytum officinale FO MeOH - - - 293
217 | Symphytum officinale FO MeOH (TS) - - - 294
218 | Symphytum officinale RD DCM + + - 45
219 | Symphytum officinale RD MeOH - - - 46
220 | Symphytum officinale RD MeOH (TS) - - - 177
221 | Tilia sp. FL DCM + + - 47
222 | Tilia sp. FL MeOH - - - 48
223 | Tilia sp. FL MeOH (TS) - - + 178
224 | Tussilago farfara FO DCM - - + 382
225 | Tussilago farfara FO DCM (CS) + + + 383
226 | Tussilago farfara FO MeOH - - - 384
227 | Tussilago farfara FO MeOH (TS) - - - 385
228 | Urtica dioica FO DCM - - - 386
229 | Urtica dioica FO DCM (CS) + + - 387
230 | Urtica dioica FO MeOH - - - 388
231 | Urtica dioica FO MeOH (TS) - - - 389
232 | Vaccinium myrtillus FR DCM - - - 390
233 | Vaccinium myrtillus FR MeOH - - - 391
234 | Vaccinium myrtillus FR MeOH (TS) + + - 392
235 | Vaccinum vitis FR DCM - - - 444
236 | Vaccinum vitis FR MeOH - - - 445
237 | Vaccinum vitis FR MeOH (TS) + + - 446
238 | Verbascum sp. FL DCM + + - 393
239 | Verbascum sp. FL MeOH - - - 394
240 | Verbascum sp. FL MeOH (TS) - - - 395
241 | Verbena officinalis HB DCM - - + 49
242 | Verbena officinalis HB DCM (CS) - - - 50
243 | Verbena officinalis HB MeOH - - - 51
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244 | Verbena officinalis HB MeOH (TS) - - + 179
245 | Veronica chamedrys HB DCM - - - 299
246 | Veronica chamedrys HB DCM (CS) + + - 300
247 | Veronica chamedrys HB MeOH - - - 301
248 | Veronica chamedrys HB MeOH (TS) - - - 302
249 | Veronica officinalis HB DCM - - - 303
250 | Veronica officinalis HB DCM (CS) + + - 304
251 | Veronica officinalis HB MeOH - - - 305
252 | Veronica officinalis HB MeOH (TS) - - - 306
253 | Veronica sp. HB DCM - - + 52
254 | Veronica sp. HB DCM (CS) + + - 53
255 | Veronica sp. HB MeOH - - - 54
256 | Veronica sp. HB MeOH (TS) - - - 188
Testing of TCM plant extracts for PPARYy activation and NF-kB inhibition
(Prof. Brigitte Kopp)
Plant species Part Solvent PPARa | PPARy | NFkB | Code
1 | Albizia julibrissin BA PE - - - 203
2 | Albizia julibrissin BA EtOAc + + - 204
3 | Albizia julibrissin BA MeOH - - + 205
4 | Albizia julibrissin BA H.O - - - 206
5 | Albizia julibrissin FL PE - - - 207
6 | Albizia julibrissin FL EtOAc + + + 208
7 | Albizia julibrissin FL MeOH - - - 209
8 | Albizia julibrissin FL H.O - - - 210
9 | Arisaema sp. RH PE + + + 211
10 | Arisaema sp. RH EtOAc - - - 212
11 | Arisaema sp. RH MeOH - - - 213
12 | Arisaema sp. RH H,O - - - 214
13 | Arnebia euchroma RH PE - - - 215
14 | Arnebia euchroma RH EtOAc - - - 216
15 | Arnebia euchroma RH MeOH - - - 217
16 | Arnebia euchroma RH H20 - - - 218
17 | Atractylodes macrocephala RH PE - - - 219
18 | Atractylodes macrocephala RH EtOAc - - - 220
19 | Atractylodes macrocephala RH MeOH - - - 221
20 | Atractylodes macrocephala RH H,O - - - 222
21 | Cnidium monniery FR PE - - - 223
22 | Cnidium monniery FR EtOAC + + + 224
23 | Cnidium monniery FR MeOH - - - 225
24 | Cnidium monniery FR H,O - - - 226
25 | Dimocarpus longan AR PE - - - 227
26 | Dimocarpus longan AR EtOAc - - - 228
27 | Dimocarpus longan AR MeOH - - - 229
28 | Dimocarpus longan AR H.,O - - - 230
29 | Forsitia suspensa FR PE - - - 231
30 | Forsitia suspensa FR EtOAc - - + 232
31 | Forsitia suspensa FR MeOH - - - 233
32 | Forsitia suspensa FR H,O - - - 234
33 | Juncus effuses MD(CA) EtOAc - - + 235
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34 | Juncus effuses MD(CA) MeOH - - - 236
35 | Juncus effuses MD(CA) H,O - - - 237
36 | Lilium brawnii BU EtOAc + + - 238
37 | Lilium brawnii BU MeOH - - - 239
38 | Lilium brawnii BU H,O - - - 240
39 | Lophatherum gracile HB PE + - - 241
40 | Lophatherum gracile HB EtOAC + - - 242
41 | Lophatherum gracile HB MeOH - - - 243
42 | Lophatherum gracile HB H.,O - - - 244
43 | Nelumbo lucifera PL PE - - - 245
44 | Nelumbo lucifera PL EtOAc - - - 246
45 | Nelumbo lucifera PL MeOH - - - 247
46 | Nelumbo lucifera PL H.O - - - 248
47 | Polygonum multiflorum CA PE - - - 249
48 | Polygonum multiflorum CA EtOAc - - - 250
49 | Polygonum multiflorum CA MeOH - - - 251
50 | Polygonum multiflorum CA H,O - - - 252
51 | Tribulus terrestris FR PE - - - 253
52 | Tribulus terrestris FR EtOAc + + - 254
53 | Tribulus terrestris FR MeOH - - - 255
54 | Tribulus terrestris FR H.O - - - 256
Testing of ferns extracts for PPARy activation and NF-kB inhibition
(Prof. Gottfried Reznicek)
Plant species Part Solvent PPARa | PPARy | NFkB | Code
1 | Athyrium filix FO PE - - - 480
2 | Athyrium filix FO MeOH - - - 485
3 | Athyrium filix FO EtOAc - - - 490
4 | Athyrium filix FO DCM - - - 495
5 | Athyrium filix FO H,O - - - 500
6 | Athyrium filix FO EtOH(30%) 505
7 | Dryopteris dilalata FO PE - - - 479
8 | Dryopteris dilalata FO MeOH - - - 484
9 | Dryopteris dilalata FO EtOAc - - - 489
10 | Dryopteris dilalata FO DCM - - - 494
11 | Dryopteris dilalata FO H.,O - - - 499
12 | Dryopteris dilalata FO EtOH(30%) - - - 504
13 | Dryopteris filix FO PE - - - 477
14 | Dryopteris filix FO MeOH - - - 482
15 | Dryopteris filix FO EtOAc + + + 487
16 | Dryopteris filix FO DCM + + + 492
17 | Dryopteris filix FO H,O - - - 497
18 | Dryopteris filix FO EtOH(30%) - - - 502
19 | Matteuccia struthiopteris FO PE - - - 481
20 | Matteuccia struthiopteris FO MeOH - - - 486
21 | Matteuccia struthiopteris FO EtOAc - - - 491
22 | Matteuccia struthiopteris FO DCM - - - 496
23 | Matteuccia struthiopteris FO H,O - - - 501
24 | Matteuccia struthiopteris FO EtOH(30%) - - - 506
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Testing of coffee extracts for PPARYy activation and NF-kB inhibition
(Prof. Gottfried Reznicek)
Plant species Part Solvent | PPARa | PPARy | NFkB | Code
Coffea arabica
! (Ethiopia,Green) SE PE - - n.t. 450
Coffea arabica
2 | (Ethiopia,Green) SE MeOH - - nt. | 456
Coffea arabica
3 (Ethiopia,Green) SE EtOAc - - n.t. 462
Coffea arabica
4 (Ethiopia,Green) SE DCM - - n.t. 468
Coffea arabica
5 (Ethiopia,Green) SE H20 - - n.t. 474
Coffea arabica
6 (Ethiopia,Roasted) SE PE - - nt. | 448
Coffea arabica
’ (Ethiopia,Roasted) SE MeOH - - nt. | 454
Coffea arabica
8 (Ethiopia,Roasted) SE EtOAc - - n.t. 460
Coffea arabica
9 (Ethiopia,Roasted) SE DCM - - n.t. 466
Coffea arabica
10| (Ethiopia,Roasted) SE H20 - - nt | 472
Coffea arabica
B (Mexico,Green) SE PE - - n.t. 449
12 Coffe_a arabica SE MeOH ] ] " 455
(Mexico,Green)
13 Coffe_a arabica SE EtOAC ] ] . 461
(Mexico,Green)
14 Coffe_a arabica SE DCM ] ] . 167
(Mexico,Green)
Coffea arabica
15 (Mexico,Green) SE H20 - - n.t. 473
Coffea arabica
16 (Mexico,Roasted) SE PE - - nt. | 447
Coffea arabica
17 (Mexico,Roasted) SE MeOH - - n.t. 453
Coffea arabica
18 (Mexico,Roasted) SE EtOAc - - nt. | 459
Coffea arabica
19 (Mexico,Roasted) SE DCM - - n.t. 465
Coffea arabica
20 (Mexico,Roasted) SE H20 - - n.t. 471
Coffea robusta
21 (Vietnam,Green) SE PE + - nt | 452
Coffea robusta
22 (Vietnam,Green) SE MeOH - - n.t. 458
23 qufea robusta SE EtOAC R ] L 164
(Vietnam,Green)
Coffea robusta
24 (Vietnam,Green) SE DCM + - nt. | 470
Coffea robusta
25 (Vietnam,Green) SE H20 - - n.t. 476
Coffea robusta
26 (Vietnam,Roasted) SE PE - - n.t. 451
Coffea robusta
27 (Vietnam,Roasted) SE MeOH - - nt. | 457
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Coffea robusta
28 (Vietnam,Roasted) SE EtOAc - - n.t. 463
Coffea robusta
29 (Vietnam,Roasted) SE DCM - - n.t. 469
Coffea robusta
30 (Vietnam,Roasted) SE Hz0 ) ) nt. | 475
Plants extracts containing compounds predicted as PPARy agonists or NF-kB inhibitors
(Prof. Judith Rollinger and Prof. Hermann Stuppner)
Plant species Part Solvent PPARa | PPARy | NFkB | Code
1 | Aruncus dioicus FL MeOH - - - 167
2 | Doronicum austriacum RD DCM + + - 165
3 | Doronicum austriacum RD MeOH - - - 166
4 | Ferula assa-fetida RS DCM - - - 307
5 | Gnoderma lucidum FR EtOH - - - 308
6 | Krameria lappacea RD DCM - - + 158
7 | Krameria lappacea RD Me,CO - - + 159
8 | Magnolia officinalis CO DCM + + - 157
9 | Morus alba RD MeOH - - - 309
10 | Himatanthus sucuuba MeOH MeOH n.t n.t + 642
11 | Sideritis hyssopifolia HB MeOH - - n.t 722
12 | Silybum marianum FR MeOH - - - 164
Testing of plant extracts for PPARYy activation and NF-kB inhibition
(Prof. Rudolf Bauer)
Plant spcecies Part Solvent | PPARa | PPARy | NFkB | Code
1 | Achyranthis bidentata RX DCM - - - 62
2 | Achyranthis bidentata RX MeOH - - - 105
3 | Aconitum carmichaelii RX DCM - - - 82
4 | Aconitum carmichaelii RX MeOH - - - 125
5 | Acorus tatarinowii RH DCM - - - 66
6 | Acorus tatarinowii RH MeOH - - - 109
7 | Akebia sp. CL DCM - - - 83
8 | Akebia sp. CL MeOH - - - 126
9 | Allium macrostemon BL DCM - - - 88
10 | Allium macrostemon BL MeOH - - - 131
11 | Androhraphis paniculata HB DCM - - - 97
12 | Androhraphis paniculata HB MeOH + + + 140
13 | Angelica sinensis RX DCM - - - 61
14 | Angelica sinensis RX MeOH - - - 104
15 | Aquilaria sinensis RE DCM - - - 653
16 | Aquilaria sinensis RE MeOH - - - 677
17 | Aristolochia debilis FR DCM - - + 650
18 | Aristolochia debilis FR MeOH - - - 674
19 | Artemisia scoparia HB DCM - - - 95
20 | Artemisia scoparia HB MeOH - - - 138
21 | Asari sp. RX+RH DCM - - - 86
22 | Asarisp. RX+RH MeOH - - - 129
23 | Astralagus membranaceus RX DCM + + + 77
24 | Astralagus membranaceus RX MeOH - - - 120
25 | Belamcanda chinensis RH DCM + + - 656
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26 | Belamcanda chinensis RH MeOH - 680
27 | Benincasa sp. SE DCM - 658
28 | Benincasa sp. SE MeOH - 682
29 | Broussonetia papyrifera FR DCM - 654
30 | Broussonetia papyrifera FR MeOH - 678
31 | Buddelja officinalis FL DCM - 96
32 | Buddelja officinalis FL MeOH - 139
33 | Bupleurum sp. RX DCM + 60
34 | Bupleurum sp. RX MeOH - 103
35 | Callicarpa bodinieri HB DCM + 652
36 | Callicarpa bodinieri HB MeOH - 676
37 | Carthamus tinctorius FL DCM - 72
38 | Carthamus tinctorius FL MeOH - 115
39 | Choerospondias axillaris FR DCM - 647
40 | Choerospondias axillaris FR MeOH - 671
41 | Chrysanthemum indicum FL DCM + 660
42 | Chrysanthemum indicum FL MeOH - 684
43 | Cimicifuga sp. RH DCM + 668
44 | Cimicifuga sp. RH MeOH - 692
45 | Codonopsis sp. RX DCM - 73
46 | Codonopsis sp. RX MeOH - 116
47 | Corydalis yanhusuo RH DCM - 85
48 | Corydalis yanhusuo RH MeOH - 128
49 | Crataegus pinnatifida FR DCM - 76
50 | Crataegus pinnatifida FR MeOH - 119
51 | Curcuma sp. RX DCM - 84
52 | Curcurma sp. RX MeOH - 127
53 | Cynanchum paniculatum RD DCM - 662
54 | Cynanchum paniculatum RD MeOH - 686
55 | Echinacea pallidia FL Hex n.t. 1426
56 | Evodia rutaecarpa FR DCM + 661
57 | Evodia rutaecarpa FR MeOH - 685
58 | Forsythia suspensa FR DCM - 71
59 | Forsythia suspensa FR MeOH - 114
60 | Gardenia jasminoides FR DCM - 65
61 | Gardenia jasminoides FR MeOH - 108
62 | Gastrodia elata RH DCM - 68
63 | Gastrodia elata RH MeOH - 111
64 | Gentiana macrophylla RD DCM - 657
65 | Gentiana macrophylla RD MeOH - 681
66 | llex pubescens CO DCM - 648
67 | llex pubescens CcO MeOH - 672
68 | Isatis indigotica RD DCM - 659
69 | /satis indigotica RD MeOH - 683
70 | Leonurus japonicus FR DCM - 67
71 | Leonurus japonicus FR MeOH - 110
72 | Ligusticum chuanxiong RH DCM - 75
73 | Ligusticum chuanxiong RH MeOH - 118
74 | Lindera aggregata RD DCM - 663
75 | Lindera aggregata RD MeOH - 687
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76 | Lonicera japonica CL DCM - 93

77 | Lonicera japonica CL MeOH - 136
78 | Lycium barbarum FR DCM - 667
79 | Lycium barbarum FR MeOH - 691
80 | Lysimachia christinae HB DCM - 655
81 | Lysimachia christinae HB MeOH - 679
82 | Magnolia biondii FL DCM - 649
83 | Magnolia biondii FL MeOH - 673
84 | Notopterygium incisum RX+RH DCM - 90

85 | Notopterygium incisum RX+RH MeOH - 133
86 | Ophipogonis japonicus RX DCM - 58

87 | Ophipogonis japonicus RX MeOH - 101
88 | Paeonia lactiflora RD DCM - 646
89 | Paeonia lactiflora RD MeOH - 670
90 | Paeonia rubra RX DCM - 80

91 | Paeonia rubra RX MeOH + 123
92 | Panax notoginseng RX DCM - 55

93 | Panax notoginseng RX MeOH - 98

94 | Piper kadsura CL DCM + 666
95 | Piper kadsura CL MeOH - 690
96 | Platicodon gradiflorum RX DCM - 59

97 | Platicodon gradiflorum RX MeOH - 102
98 | Polygonatum odoratum RX DCM - 74

99 | Polygonatum odoratum RX MeOH - 117
100 | Polygonum multiflorum RX DCM + 57

101 | Polygonum multiflorum RX MeOH - 100
102 | Poria cocos RX DCM - 56
103 | Poria cocos RX MeOH - 99
104 | Prunella vulgaris FL DCM + 651
105 | Prunella vulgaris FL MeOH - 675
106 | Prunus sp. SE DCM - 69
107 | Prunus sp. SE MeOH - 112
108 | Rhemania glutinosa RX DCM - 70
109 | Rhemania glutinosa RX MeOH - 113
110 | Salvia miltiorrhiza RX DCM - 79
111 | Salvia miltiorrhiza RX MeOH - 122
112 | Santalum album LG DCM - 63
113 | Santalum album LG MeOH - 106
114 | Saposhnikovia divaricata RD DCM - 664
115 | Saposhnikovia divaricata RD MeOH - 688
116 | Sargentodoxa cuneata CL DCM - 87
117 | Sargentodoxa cuneata CL MeOH - 130
118 | Schisandra chinesis FR DCM - 94
119 | Schisandra chinesis FR MeOH - 137
120 | Scutellaria baicalensis RX DCM + 91

121 | Scutellaria baicalensis RX MeOH - 134
122 | Sophora japonica FL DCM - 665
123 | Sophora japonica FL MeOH - 689
124 | Spatholobus suberrectus CL DCM - 64
125 | Spatholobus suberrectus CL MeOH - 107
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126 | Stephania tetrandra RX DCM - + 81
127 | Stephania tetrandra RX MeOH - - 124
128 | Trichosanthis sp. RX DCM - - 89
129 | Trichosanthis sp. RX MeOH - - 132
130 | Typha sp. PO DCM + - 645
131 | Typha sp. PO MeOH - - 669
132 | Zingiberis officinalis RX DCM + + 78
133 | Zingiberis officinalis RX MeOH - - 121
134 | Ziziphus spinosa SE DCM - - 92
135 | Ziziphus spinosa SE MeOH - - 135
NOTE

+ active* FR Fructus

- inactive HB Herba

AR Arillus LI Lignum

BA Bark MD Medulla

BU Bulbus PL Plumule

CA Caulis RD Radix

CO Cortex RH Rhizoma

Cs Chlorophyll separeted RS Resin

FL Flower SE Semen

MeOH Methanol FO Folium

DCM Dicloromethane PE Petroleum ether

Hex Hexane EtOAc Ethyl acetate

MeOH (TS) Metanol (tannin separated) Me,CO Aceton

DCM (CS) Dicloromethane (chlorophyll EtOH Ethanol

separated)

* activity 50 % above control (DMSO treatment) at 10 yg/ml was considered active.
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Supplementary Table 2. The activity of the magnolol derivates towards all subtypes of
human PPAR (a, /5, y), as well as towards mouse PPARa and y, determined in luciferase
reporter transactivation assay®.

PPARa PPARB/S PPARy mPPARa | mPPARy

DNTI Internal | (maximal (maximal (maximal (maximal (maximal
Code: code: fold fold fold fold fold

activation) | activation) | activation) | activation) | activation)
Magnolol 727 n.d. 1.69 2.92 2.26 2.09
Honokiol 728 1.67 3.60 1.97 2.09 1.54
PPOSIS | 752 n.d. 3.02 2.03 n.d. 2.09
P'?gi\i\qs' 753 n.d. 2.15 3.21 n.d. 2.67
P1POO13_XY1S' 754 n.d. n.d. 3.21 n.d. 2.10
ﬁggg:xvj' 755 n.d. n.d. 1.55 n.d. n.d.
ﬁggg:xv_s;- 756 n.d. n.d. n.d. n.d. n.d.
mejﬁf" 757 n.d. n.d. n.d. n.d. n.d.
PT??’A!\QS' 758 n.d. n.d. 1.87 n.d. 1.57
Pﬁ)gi&\i\qs' 759 1.53 n.d. 1.96 n.d. 1.56
Pfgf”/;\i\qs' 760 n.d. n.d. n.d. n.d. n.d.
P?g?/;\i\qs- 761 n.d. n.d. n.d. n.d. n.d.
Pf;%?j;l’ﬂs' 762 n.d. 2.46 1.83 2.11 2.34
PPOSWS | 763 n.d. 1.89 2.16 1.94 2.45
P2POOa3_:A\\/Y18— 764 n.d. n.d. n.d. n.d. n.d.
P;%%XX? 765 n.d. n.d. 2.02 n.d. 1.58
P;O;XY? 766 n.d. n.d. 1.59 1.65 1.95
P;%%XX?' 767 n.d. 1.95 1.52 n.d. 1.53
P;%?XX?' 768 n.d. n.d. n.d. n.d. n.d.
P;%%XX? 769 n.d. n.d. 1.60 n.d. 1.61
P;(;%XY,]S_ 770 n.d. n.d. n.d. n.d. n.d.
Pzgf”/;\i\qs' 771 n.d. n.d. 1.99 n.d. n.d.
F;:ggzxv_s{ 772 n.d. n.d. 1.92 n.d. 1.74
P;QOC?:A\\/Y‘IS- 773 n.d. n.d. n.d. n.d. n.d.
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PP03-WS-

oA ] 774 n.d. n.d. 1.51 n.d. 154
PP03-WS-

oo ] 775 n.d. 2.03 2.97 1.71 2.56
PP03-WS-

oA ] 776 n.d. 1.75 2.48 nd. 1.67
PPO3-WS- | 777 n.d. n.d. 2.05 168 1.90

3a-A_1
PP03-WS-

4A 1 778 n.d. n.d. n.d. n.d. n.d.
PP03-WS-

5A 1 779 n.d. n.d. n.d. n.d. n.d.
PP03-WS-

6-A 1 780 n.d. n.d. n.d. n.d. n.d.
PPO3-WS- | 744 158 3.02 227 215 2.05

7a-A 1

* HEK-293 cells were transiently cotransfected with a reporter plasmid containing PPRE coupled to the luciferase
reporter, a respective PPAR subtype expression plasmid, and EGFP as internal control. Upon stimulation with the
indicated concentrations of the respective compounds for 18 hours, luciferase activity was measured and normalized by
the EGFP-derived fluorescence. The result is presented as fold induction compared to the DMSO vehicle control, and
n.d. denotes not detected (up to 30 uM). The data shown are means of three independent experiments performed in
triplicate. Note: mPPAR (mouse PPAR), PPAR (human PPAR). All compounds were obtained from Prof. Judith
Rollinger.

139



APPENDIX

PP03-WS-1-A_1

4'-Methoxy-5,3"-di-(2-propenyl)-biphenyl-2-ol 5,5'-Dipropyl-biphenyl-2,2'-diol

PP03-WS-102b-A_1

HsC ~“N~CH;

3-N,N-Dimethylamino-2'-methoxy-5,3'-di
(2-propenyl)-biphenyl-2'-ol

PPO3-WS-11-A_1

2-Methoxy-5,5"-di-(2-propenyl)-
biphenyl-2-ol

PPO3-WS-16-A_1

s
I\ CHy
s

tert-Butyl-(5,3"-diallyl-4'-methoxy-
biphenyl-2-yl)oxy-dimethylsilane

PP03-WS-20a-A_1

Br

5-(2-Bromypropyl)-
3'-(2-propenyl)-biphenyl-2,4'-diol

PP03-WS-22b-A_1

3-(2-Propenyl)-biphenyl-4-ol

PP03-WS-10-A_1 PP03-WS-101-A_1

HO

NH,
3-Amino-2'-methoxy-5,3'
dipropyl-biphenyl-2'-ol

PP03-WS-103b-A_11 PP03-WS-104-A_1

Hycoc ~NH
3-N,N-Diethylamino-2'-methoxy-5,3'-di 3-N-Acetlylamino-2'-methoxy-5,3'-di-

CoHs ~N~CHs

(2-propenyl)-biphenyl-2'-ol (2-propenyl)-biphenyl-2'-ol

PPO3-WS-12-A_1

. g

2,2'-Dimethoxy-5,5'di-(2-propenyl)- 4'-Methoxy-5,3"-bis-
biphenyl (2-hydroxyethyl)-biphenyl-2-ol

PPO3-WS-15-A_1

PP03-WS-19b-A_1

PP0O3-WS-2-A_1

4'-Methoxy-5-(2-propenyl)-

4'-Methoxy-5,3"-dipropyl-biphenyl-2-ol
3'-(2-brompropyl)-biphenyl-2-ol 3 PIORY-PRTY

PP0O3-WS-21b-A_1 PP0O3-WS-22a-A_1

OH

5,3"-Di-(2-propenyl)-4'-ethyloxy-
biphenyl-2-ol

3-(2-Propenyl)-biphenyl-2-ol

PP0O3-WS-23a-A_1 PP03-WS-23b-A_1

3,3'-Di-(2-propenyl)-biphenyl 3,3'-Di-(2-propenyl)-biphenyl
"-diol

4,4'-diol
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PP03-WS-24a-A_1 PP03-WS-25-A_1 PP0O3-WS-26bc-A_1

NH;
Di-[2'-hydroxy-3'-(8'-propenyl)- 3-Amino-2'-methoxy-5,3'-di 3-Nitro-4'-Methoxy-5,3'-di
phenyl]-methan (2-propenyl)-biphenyl-2'-ol (2-hydroxypropyl)-biphenyl-2-ol
PP03-WS-29c-A_1 PP03-WS-31-A_1 PP03-WS-32-A_1

2,4'-Dipentyloxy-5,3'-di-(2-propenyl)- 5,5'-Dimethyl-biphenyl-2,2'-diol 5,5'-Disecbutyl-biphenyl-2,2'-diol
biphenyl
PPO3-WS-33-A_1 PP03-WS-3a-A_1 PP0O3-WS-4-A_1

o L )

5,5'-Ditert-butyl-biphenyl-2,2'-diol 4'-Methoxy-3'-(16)-propenyl)-5- 4'-Methoxy-5,3"-di-(2,3-dihydroxy-
(2-propenyl)-biphenyl-2-ol propyl)-biphenyl-2-ol
PP03-WS-5-A_1 PP0O3-WS-6-A_1 PP03-WS-7a-A_1

2 4'-Dimethoxy-5,3'-di-(2-propenyl)-biphenyl 2 4'-Dimethoxy-5,3'-dipropyl-biphenyl 2-Acetyloxy-4'-Methoxy-
5,3'-di-(2-propenyl)-biphenyl

PP03-WS-9-A_1 Magnolol Honokiol
5,3"-Dipropyl-biphenyl-2,4'-diol 5,5'-Di-(2-propenyl)-biphenyl-2,2'-diol  5,3"-Di-(2-propenyl)-biphenyl-2,4'-diol

Supplementary Figure 2. The synthesis compounds derived from magnolol.
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Honokiol 1.35 1.77 6.25 4.90 3.24 1.98 1. 2.33 1.89 1.44

Supplementary Figure 3. The activity of honokiol towards PPARs in the luciferase reporter
transactivation assay. a) and b) show the activity of honokiol towards human PPARs and mouse
PPARSs, respectively. c) The table showing the ECsy of honokiol in the respective PPAR subunits.
HEK-293 cells were transiently cotransfected with a reporter plasmid containing PPRE coupled to
the luciferase reporter, the respective PPAR expression plasmids, and EGFP as internal control.
Upon stimulation with the indicated concentrations of the respective compounds for 18 hours,
luciferase activity was measured and normalized by the EGFP-derived fluorescence. The result is
presented as fold induction compared to the DMSQO control. The data shown are means + SEM
from three independent experiments performed in quadruplet. The data were analyzed with
GraphPad Prism software using settings for nonlinear regression with sigmoidal dose response
and variable slope. PPAR and mPPAR denotes human and mouse PPAR, respectively.
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Supplementary Figure 4. The potential of plumericin to activate Nrf2 as assessed in a
luciferase reporter gene assay. HEK-293 cells were transiently cotransfected with a plasmid
containing an antioxidant response element (ARE) coupled to a luciferase reporter gene and EGFP
expression plasmid as internal control. Upon treatment with the indicated concentrations of the
respective compounds for 15 hours, luciferase activity was measured and normalized by the
EGFP-derived fluorescence. The result was presented as fold induction compared to the DMSO
control (Co). The data shown are means + SEM, of three independent experiments performed in a
triplicate. The bars are means + SEM; * p<0.05; ** p<0.01 (one-way ANOVA followed by Dunnett’s
post-test).

w
]

[y
1

-
1

eNOS promoter activation
(relative units)

Co PMA 5 10 5 10 5 10
KT11 (UM) KT8 (uM)  KT6 (uM)

Supplementary Figure 5. The influence of the three benzofuran inhibitors of NF-kB on eNOS
promoter activity assessed in a luciferase reporter gene assay. EA.hy926 cells containing
human eNOS promoter coupled to a firefly luciferase reporter gene were incubated with the
indicated concentrations of the respective compounds for 18 hours. Luciferase activity was
measured and normalized by the total protein contain measured by the Bradford method. The
result is presented as fold induction compared to the DMSO control. The data shown are means *
SEM (n=1-3), performed in a triplicate.
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Supplementary Figure 6. Ten virtual hits selected for biological evaluation on IKK-8 enzyme
activity in vitro and NF-kB activation induced by TNF-a in 293/NF-kB-luc cells.
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P‘di{DN
ratanhiaphenol |

CAS:79214-54-3
KT10

(+)-conocarpan
CAS:56319-02-9
KT7

O™

2-(4-hydroxy-phenyl)-5-(E)-
propenyl-benzofuran
CAS:109194-69-6

KT8

HO

§

2-(2,4-dihydroxy-phenyl)-5-(E)-
propenyl-benzofuran
CAS:109194-71-0

KT6

H

i

5-(3-hydroxy-propyl)-2-(2-methoxy-4-
hydroxyphenyl)-benzofuran
CAS:119321-96-9

% |

—

—
T

(-)-larreatricin
CAS:130062-03-2
KT12

=~

ratanhiaphenol Il or
eupomatenoid 6
CAS: 41744-26-7
KT11

{(j\E‘R}OH
H

Meso-3,3 -didemethoxy-nectandrin B
CAS:130325-40-5
KT3

S~

2-(2-methoxy-4-hydroxyphenyl)-5-(E)-
propenyl-benzofuran
CAS:91432-06-3

KT9

OH
OO

2-(2-hydroxy-4-methoxyphenyl)-5-

(3-hydroxypropyl)-benzofuran

CAS:119321-98-1
KT5

H

(25,3S5)-2,3-dihydro-3-hydroxymethyl-2-
(4-hydroxyphenyl)-5-(E)-propenyl-benzofuran;
CAS:119322-04-2

KT4

3-Formyl-2-(4-hydroxyphenyl)-5-(E)-
propenyl-benzofuran
CAS:119322-02-0

KT2

Supplementary Figure 7. The benzofurans isolated from Krameria lappacea
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2. ABBREVIATIONS

15d-PGJ2 : 15-Deoxy-delta-12,14-prostaglandin
ABP . Actin-binding proteins

Akt . Protein kinase B (PKB)

ANOVA . Analysis of variance

AP-1 . Activator protein-1

ARE . Antioxidant responsive element
Asp . Aspartic acid

ATP : Adenosine triphosphate

BADGE . Bisphenol A-diglycidylether

Blys B lymphocyte stimulator

BMS-345541 : N-(1,8-Dimethylimidazo[1,2-a]quinoxalin-4-yl)-1,2-
ethanediamine hydrochloride
BSA : Bovine serum albumin

C3H10T1/2 Mouse embryonic fibroblasts cell line

CAS : Chemical abstracts aervice

CBP : CREB-binding protein

CD . Cluster of differentiation

CDK : Cyclin dependent kinase

CHM Chinese herbal medicine

COX-2 : Cyclooxygenase 2

Cys : Cystein

ddH,0 : Double distilled water

DHMEQ : Dehydroxymethylepoxyquinomicin
DMSO . Dimethylsulfoxide

DTT . Dithiothreitol

EDTA : Ethylenediamintetraacetic acid
ELISA . Enzyme linked immunosorbent assay
eNOS . Endothelial nitric oxide synthase
FDA : Food and drug administration
FITC . Fluorescein isothiocyanate
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FOXO3
Glu
GLUT
Gly

GST
GW0742

GW501516

GW6471

GW7647

GW9662
HDAC3
HEK 293
HETEs
HLH
HODE
HRP
HUVECtert

ICAM-1
IFN-y

IKK

IKK-B inh IV

iINOS
IkB
JNK
JTT-501

: Forkhead box class O 3 transcription factor
: Glutamic acid
. Glucose transporter

. Glycine

Glutation-S-transferase

. 4-[2-(3-Fluoro-4-trifluoromethyl-phenyl)-4-methyl-thiazol-5-

ylmethylsulfanyl]-2-methyl-phenoxy}-acetic acid

. 2-methyl-4(((4-methyl-2-(4-trifluoromethylphenyl)-1,3-thiazol-5-

yl)methyl)sulfanyl)phenoxy)acetic acid
[(2S)-2-[[(12)-1-Methyl-3-0x0-3-[4-(trifluoromethyl)phenyl]-1-
propenyllamino]-3-[4-[2 -(5-methyl-2-phenyl-4-

oxazolyl)ethoxy]phenyl]propyl]-carbamic acid ethyl ester

. 2-methyl-2-[[4-[2-[[(cyclohexylamino)carbonyl](4-

cyclohexylbutyl)amino]ethyl]phenyl]thio]-propanoic acid

. 2-chloro-5-nitro-N-phenylbenzamide
. Histone deacetylase 3

: Human embryonic kidney 293 cells
: Hydroxyeicosatetraenoic acid

. Helix loop helix

: Hydroxyoctadecadienoic acid

: Horse radish peroxidase

: human umbilical vein cell expressing telomerase reverse

transcriptase

: Inter-cellular adhesion molecule 1
. Interferony

: Inhibitor kB kinase

IKK-B inhibitor IV or 2-[(aminocarbonyl)amino]-5-(4-

fluorophenyl)-3-thiophenecarboxamide

. Inducible nitric oxide synthase
. Inhibitor kB
: C-Jun N-terminal kinase

. 4-[4-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]benzyl]-3,5-
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KD
Ki
L165041

LB

LBD
LDL
LOX
LTa/p
LTB4
LZ
MCP-1
mRNA
NBS
NCoR
NEMO
NF-kB
NIK
NLS

NO

Nrf2
oxoODE
PBS
PDGF-BB

PIAS1
PMSF
PPAR
PPRE
PVDF
RAW264.7

isoxazolidinedione)

: Kinase domain
. Inhibition constant
. [4-[3-(4-Acetyl-3-hydroxy-2-

propylphenoxy)propoxy]phenoxy]acetic acid

. Lysogeny broth
. Ligand binding domain
: Low density lipoprotein

. Lipooxigenase

Leukotriene a/f3

. Leukotriene B4
. Leucine zipper
: Monocyte chemotactic protein-1

. Messenger RNA

New born bovine serum

. Nuclear-receptor corepressor
: NF-kB essential modulator

. Nuclear factor-kB

: NF-kB-inducing kinase

. Nuclear localization signal

. Nitric oxide

: NF-E2-related factor 2

: Oxidized octadecadienoic acid
. Phosphate buffered saline

. Platelet-derived growth factor with two B

(-BB) chains

. Protein inhibitor of activated STAT1

: Phenylmethylsulphonylfluoride

. Peroxisome proliferator-activated receptor
. PPAR response element

. Polyvinylidene fluoride

: Mouse leukaemic monocyte macrophage cell line
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RHD

RXR

SD

SDS
SDS-PAGE
SEM

Ser

SOC
SRC-1
STAT
T0070907
Tab2
TBL1
TBLR1
TBS-T
TCM
TEMED
TNF-a
TRADD
TRAF2
TRAP220
TR-FRET
TRIS
UBD
VCAM
VSMC
WY 14643

. Rel homology domain

. Retinoid X receptor

: Standard deviation

: Sodium dodecyl sulphate

: Sodium dodecyl sulphate polyacrylamide gel electrophoresis
: Standard error of the mean

: Serine

. Super optimal broth

. Steroid receptor coactivator-1

. Signal transducer and activator of transcription
. 2-chloro-5-nitro-N-(4-pyridyl)benzamide

: TAK1-binding proteins 2

. Transducin-B-like 1

. TBLA1-related protein

. Tris-buffered saline containing tween 20

. Traditional chinese medicine

. N,N,N’,N’-tetramethylethylene diamine

:  Tumor necrosis factor alpha

Tumor necrosis factor receptor type 1-associated death domain

. TNF receptor-associated factor 2

Thyroid hormone receptor-associated protein 220

. Time-resolved fluorescence energy transfer
. Tris(hydroxymethyl)aminomethane

: Ubiquitin-binding domain

. Vascular cell adhesion molecule

. Vascular smooth muscle cells

: N-(3-[2-quinolinylmethoxy] phenyl)-

trifluoromethanesulphonamide
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