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Abstract

With incidence of type 2 Diabetes mellitus (T2DM) and metabolic syndrome
constantly rising, and current pharmacotherapy often being unable to achieve
satisfactory results, a lot of effort is made in the search for new therapeutic options.
Inhibition of protein tyrosine phosphatase (PTP) 1B, a major negative regulator
of both the insulin and the leptin signalling pathway, has been found to be a
promising strategy for the treatment of insulin resistance, a prominent feature of
T2DM, and obesity.

In the course of the present work, fractions of extracts of plants traditionally
used for the treatment of symptoms related to diabetes and metabolic disorders
were tested for their PTP1B inhibitory activity in a colorimetric enzyme assay.
Fractions that showed high activity were further tested for their ability to enhance
insulin signalling in a cell based model using C2C12 myotubes. Several extracts
were found to be highly active in the PTP1B enzyme assay and one fraction
(Leonurus sibiricus fraction Ls 70a) also showed insulin-mimetic effects in the cell
based system.

Furthermore, some common C18 fatty acids with different numbers, locations,
and configurations of double bonds were tested for their inhibitory activity in the
PTP1B enzyme assay. All tested fatty acids were able to inhibit PTP1B, with
IC50 values in the micromolar range.

In order to establish an n vitro model for insulin resistance, C2C12 myotubes
were treated with palmitate alone or in combination with TNF-a (to simulate
inflammation). Palmitate treated cells showed lower insulin responsiveness than
control cells, and TNF-a further increased insulin resistance. On mRNA level (but
not on protein level), increased PTP1B expression in cells treated with palmitate
and TNF-a was also detected.

Dysregulation of hypoxia inducible factor (HIF) 1 mediated transcription is
also discussed to play a relevant role in the pathogenesis of T2DM and also of
micro- and macrovascular diabetes complications. In this work some tests were
conducted aiming to establish a luciferase reporter gene screening assay for HIF-1
activators under normoxic conditions: CHO cells were transfected successfully
with the reporter and control plasmids, and dose-dependent induction of HIF-1-

dependent luciferase expression by piperine was detected.






Zusammenfassung

Nachdem Typ 2 Diabetes mellitus (T2DM) und das metabolische Syndrom im-
mer héufiger werden, und mit der derzeitigen Pharmakotherapie oft keine zu-
friedenstellenden Ergebnisse erreicht werden kénnen, wird intensiv nach neuen
Therapiemoglichkeiten gesucht. Die Hemmung der Protein Tyrosin Phosphatase
(PTP) 1B, die sowohl die Insulin- als auch die Leptinsignaltransduktion hinunter-
reguliert, stellt eine vielversprechende Strategie fiir die Behandlung von Insulin-
resistenz, einem Hauptmerkmal von T2DM, und Adipositas dar.

Im Rahmen der vorliegenden Arbeit wurden Extraktfraktionen von Pflanzen,
die in Asien traditionell fiir die Behandlung von Diabetes-assoziierten Sympto-
men und metabolischen Stérungen eingesetzt werden, in einem colorimetrischen
Enzymassay auf PTP1B-Hemmung getestet. Fraktionen mit hoher Aktivitat wur-
den weiters in einem zellbasierten Testsystem mit C2C12 Myotuben auf ihre
Fahigkeit getestet, die Insulinsignaltransduktion zu verstdrken. Mehrere Extrakte
hemmten PTP1B im Enzymassay sehr stark, und eine Fraktion (Leonurus sibiri-
cus Fraktion Ls 70a) zeigte im Zellmodell insulinmimetische Wirkung,.

Auflerdem wurden einige weitverbreitete C18 Fettsduren mit Doppelbindungen
in verschiedener Anzahl, Position und Konfiguration im Enzymassay auf PTP1B-
Hemmung getestet. Alle getesteten Fettsduren waren aktiv, mit IC50 Werten im
mikromolaren Bereich.

Um ein in vitro Modell fiir Insulinresistenz zu entwickeln, wurden C2C12 Myo-
tuben mit einer Palmitatlosung, allein oder in Kombination mit TNFa (um einen
Entziindungszustand zu simulieren), inkubiert. Zellen, die mit Palmitat behan-
delt wurden, zeigten eine niedrigere Insulinantwort im Vergleich zu Kontrollzellen;
TNFa verstiarkte diese Insulinresistenz weiter. Auf mRNA-Ebene (aber nicht auf
Protein-Ebene) war aufierdem eine erhéhte Expression von PTP1B zu beobachten.

Dysregulation von Hypoxie-induziertem Faktor (HIF)-1 abhéngiger Transkrip-
tion scheint ebenfalls eine relevante Rolle in der Pathogenese des T2DM und
auBerdem der mikro- und makrovaskuldren Diabeteskomplikationen zu spielen.
Im Rahmen dieser Arbeit wurden einige Experimente durchgefiithrt mit dem Ziel,
einen Screening Assay fiir HIF-1 Aktivatoren unter normoxischen Bedingungen zu
etablieren. CHO-Zellen konnten erfolgreich mit dem Reporter- und dem Kontroll-
plasmid transfiziert und eine dosisabhéngige Induktion der Luciferase-Expression

durch Piperin gemessen werden.
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1 Introduction

1.1 Outline of this work

Diabetes mellitus (DM) is one of the most common non-communicable diseases.
Over the last years its prevalence has been and still is increasing significantly [1].
Diabetes is associated with reduced life expectancy and considerable morbidity,
as well as reduced quality of life. Thus, it has a major impact on public health
[2, 3]. With currently available antihyperglycemic drugs it is often not possible
to adequately control glycemia and reduce the diabetes-associated cardiovascular
risk, and patients suffer from adverse effects like weight gain and hypoglycemia
[4]. Therefore, new ways to treat type 2 diabetes are sought for.

In this work, two promising targets for the future treatment of type 2 diabetes
were addressed: protein tyrosine phosphatase (PTP) 1B and hypoxia inducible
factor (HIF) 1. Fractions of extracts of several plants traditionally used in Asia
against symptoms related to diabetes and the metabolic syndrome were tested for
their PTP1B inhibitory activity in both an in vitro enzyme assay and a cell based
model using C2C12 murine muscle cells. These assays were performed to possibly
discover the molecular basis of the traditional use of these plants and to iden-
tify promising fractions for further bioassay-guided fractionation. Additionally,
in some experiments C2C12 cells were treated with palmitate and TNFa, aiming
to simulate the insulin resistant state in wvitro, thus gaining more insight into the
role and mechanism of PTP1B up-regulation in insulin resistance and obesity and
potential susceptibility to the action of extracts/compounds of interest. Further-
more, a luciferase reporter gene assay to screen compounds or extracts for their

ability to induce HIF-1 mediated transcription was established.

The screening for PTP1B inhibitors was performed as part of a project of
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the Molecular targets group, Department of Pharmacognosy (University of Vi-
enna) in cooperation with D. Steinmann and H. Stuppner (Institute of Pharmacy/
Pharmacognosy, University of Innsbruck) and S. Glasl (Department of Pharma-
cognosy, University of Vienna), who were responsible for the selection of plants as

well as the extraction and fractionation steps.

1.2 Type 2 Diabetes mellitus

1.2.1 Definition and diagnosis of Diabetes mellitus

Diabetes mellitus (DM) is a general term for a group of metabolic diseases of
diverse aetiology, all characterized by chronic hyperglycemia due to impaired in-
sulin secretion and/or insulin action, leading to disturbances in carbohydrate, fat,
and protein metabolism [5]. Diabetes is diagnosed if fasting plasma glucose con-
centrations exceed 7.0 mmol/1 (126 mg/dl) or the 2-h plasma glucose level in the
standardized oral glucose tolerance test is higher than 11.1 mmol/1 (200 mg/dl)[2].

Two main types of DM are differentiated: type 1 or insulin-dependent DM
and type 2 or non-insulin-dependent DM. Whereas in Type 1 DM destruction
of the pancreatic B-cells leads to an absolute lack of insulin, in T2DM insulin
production and secretion are often normal or increased until later disease stages,
but the response of peripheral tissues (liver, skeletal muscle and adipose tissue)
to the circulating insulin is impaired, leading to a relative lack of insulin and in
consequence to elevated blood glucose levels [6].

According to estimates by the International Diabetes Federation, 366 million
people worldwide suffered from DM in 2011. This number is thought to rise to
552 million by 2030 [1]. T2DM, largely caused by excess body weight and physical

inactivity, makes up about 90 % of these cases [7].

1.2.2 Pathogenesis and pathophysiology of T2DM

T2DM is a multifactorial disease: genetic predisposition as well as environmental
factors, such as high-caloric diet, sedentary lifestyle, and overweight, contribute

to its pathogenesis [8]. Key features of T2DM include insulin resistance in liver
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and muscle, and B-cell dysfunction (impaired insulin secretion) [9]. The interplay

of these factors is summarized in Figure 1 [8].
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Figure 1: Pathology of T2DM: Various factors contribute to the development of in-
sulin resistance and B-cell dysfunction, which together lead to increased lipolysis and
glucose production (normally inhibited by insulin) in adipose tissue and liver, respec-
tively, and decreased glucose uptake into the skeletal muscle (normally facilitated by
insulin) (picture taken from [8]).

The development of T2DM begins with the development of insulin resistance
in liver and skeletal muscle, present 10 to 20 years before the onset of diabetes
[10], leading to increased hepatic glucose production and impaired glucose uptake
into the muscle, and consequently postprandial hyperglycemia (see also section
1.3.3) [11]. Insulin resistance alone, however, does not determine the development
of diabetes: Not all insulin resistant individuals develop hyperglycemia, as un-
der normal conditions insulin secretion by the pancreatic f-cells can be increased
sufficiently to compensate for the lack of insulin efficiency, and maintain normal
glucose tolerance [12]. In some people, however, this compensation mechanism
eventually fails, as B-cell function deteriorates and B-cell mass is lost over time.
This leads to increased plasma glucose levels (both in postprandial and fasting
state) and the onset of overt diabetes [11].
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Long term complications of T2DM

Progressive worsening of hyperglycemia in T2DM leads to microvascular complica-
tions, such as neuropathy, retinopathy and nephropathy, as well as macrovascular
complications like cardiovascular disease, stroke and peripheral vascular disease
[3]. Cardiovascular disease is responsible for the majority of deaths caused by
diabetes, which is the fourth or fifth leading cause of death in most high-income

countries [1, 4].

1.2.3 Treatment of T2DM
Aims

As management of blood glucose levels was shown to reduce morbidity of T2DM
patients, effective treatment of hyperglycemia is a primary objective in the treat-
ment of T2DM. Other aims are the prevention of micro- and macrovascular com-
plications, as well as the control of other features that often occur concomitantly
with T2DM, namely dyslipidemia, hypertension, hypercoagulability, obesity, and

insulin resistance (summarized in [13]).

Current treatment

At the diagnosis of T2DM, it is recommended to start treatment with lifestyle
intervention (nutrition therapy and physical activity), potentially (depending on
the severity of hyperglycemia) along with the initiation of pharmacotherapy with
antihyperglycemic agents, usually metformin. Depending on blood glucose levels
and percentage of glycated hemoglobin (HbAlc) that can be reached with this
treatment, medication can be further adjusted by adding other antidiabetics or
insulin to the regimen. The decision which antihyperglycemic drug(s) to choose
for each patient is based on the characteristics of the patient (e.g. degree of
hyperglycemia, risk of hypoglycemia, overweight/obesity, comorbidities) and of
the agents (e.g. blood glucose lowering efficacy and durability, risk of inducing
hypoglycemia, effect on weight, contraindications and side effects) [13, 14].
Currently available antihyperglycemic agents, their mechanisms of action, and

some important characteristics are summarized in Table 1.
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Table 1: Classes of antidiabetic agents, their mechanism of action, and some charac-
teristics (based on [14])

Class (+examples) Mechanism of action Characteristics

Sulfonylureas (SU): stimulate endogenous in- effective  lowering  of

Gliclazide, Glimepiride, sulin secretion by activa- blood glucose, weight

Glyburide tion of SU receptor on gain, risk of hypo-
pancreatic B-cells glycemia

Meglitinides: stimulate insulin secre- frequent administration

Nateglinide, Repaglinide

GLP-1 receptor ago-
nists:
Exenatide, Liraglutide

DPP-4 inhibitors:
Sitagliptin, Linagliptin

Biguanides:
Metformin

Thiazolidinediones:
Pioglitazone

a-Glucosidase inhibi-
tors:
Acarbose

Insulin:
rapid-, short-, interme-
diate-, or long-acting

tion

activate incretin pathway

inhibition of dipeptidyl
peptidase (DPP)-4 (inac-
tivates GLP-1 and GIP)

activation of AMP acti-
vated kinase leads to in-
creased insulin sensitiv-
ity in peripheral tissues
and liver

activation of PPARy
leads to increased insulin
sensitivity in peripheral
tissues and liver

inhibition of pancreatic
o-amylase and intestinal
a-glucosidase;

activation of insulin re-
ceptor

necessary  (short half-
life), less hypoglycemia
than SUs

improved  postprandial
control,  weight loss,
gastrointestinal side
effects

improved  postprandial
control, weight neutral

effective  lowering  of
blood glucose, weight
neutral, improved car-

diovascular outcomes

good glycemic control,
weight gain, risk of con-
gestive heart failure; only
if other treatment op-
tions (metformin) not
suitable/successful [15]

less effective in lowering
glycemia than metformin
and SUs; weight neutral,
gastrointestinal side ef-
fects

potentially
HbAlc reduction

greatest
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Shortcomings and problems of current pharmacological treatment

While it is often possible to meet glycemic targets and reduce the incidence
of microvascular complications with a combination of lifestyle intervention and
currently available antihyperglycemic agents, even intensive treatment seems to
have no beneficial effects on cardiovascular disease complications (summarized in
[4, 13]). Moreover, current anti-hyperglycemic treatment often leads to weight
gain, which in itself increases insulin resistance and the risk of cardiovascular

morbidity, whereas weight loss can reduce hyperglycemia [16].

1.3 Insulin

1.3.1 General information

Insulin is a peptide hormone, produced by the pancreatic B-cells and secreted
upon increase of the blood glucose concentration, which leads to increased glucose
oxidation and a higher ATP:ADP ratio in the B-cell. This causes opening of ATP-
controlled potassium channels in the cell membrane and consequent secretion of
insulin.

Insulin stimulates the uptake of glucose, amino acids, and fatty acids into the
major insulin responsive tissues (skeletal muscle and adipose tissue) and promotes
the synthesis of glycogen, protein and lipids. Gluconeogenesis and glycogenolysis
in the liver are inhibited. All in all, insulin action therefore results in the lowering
of blood glucose levels [6, 17]. Apart from this metabolic effects, insulin also
regulates cell growth and differentiation and modifies the expression and activity

of enzymes and transport systems in various cell types [18, 19].

1.3.2 Insulin signal transduction

An overview over the insulin signalling pathway is given in Figure 2. Binding of
insulin to its receptor (Insulin receptor, IR) — a protein tyrosine kinase receptor
composed of two extracellular a- and two transmembrane B-subunits — leads to au-
tophosphorylation of the f-subunits and activation of the receptor’s tyrosine kinase

activity. The receptor then phosphorylates adaptor proteins such as the insulin
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receptor substrate-1 (IRS-1). This results in the recruitment of phosphoinositide-
3-kinase (PI3K) to the plasma membrane and the subsequent phosphorylation of
the protein kinase Akt, which in turn phosphorylates various substrates — among
others the glycogen synthase kinase-3 (GSK3), which is thus inactivated, resulting
in increased glycogen synthesis. Also, the insulin dependent glucose transporter
GLUT4 is translocated to the plasma membrane, thus facilitating glucose influx
into skeletal muscle and adipose tissue (reviewed in [17] and [20]).

Another pathway activated by insulin is the Ras-MAPK pathway, which ac-
counts for the mitogenic effects caused by insulin: Grb2 and SOS bind to phos-
photyrosine residues on insulin receptor substrate proteins, the small GTPase Ras
and subsequently Raf are activated, triggering a kinase cascade that finally results
in the phosphorylation and activation of ERK1/2 (extracellular signal-regulated

kinases)(reviewed in [21]).

Glucose . .
insulin
Insulin/IGF-1

o receptor
®
translocation ¥ _

| Ras

} MAK

GSK3p. |
Endoplasmic l ERK
reticulum

Glycogen synthesis
Lipid synthesis

Mitogenic effects

Figure 2: Overview of the insulin signalling pathway (modified from Liu et al.[22]):
Upon insulin binding, the IR is autophosphorylated and activated. Adaptor proteins
(e.g. IRS-1) are phosphorylated, PI3K is recruited to the cell membrane and phosphory-
lates Akt (activation), which in turn phosphorylates GSK-3p (inactivation). As a result,
glycogen synthesis and glucose uptake (translocation of GLUT4 to the cell membrane)
are increased. Phosphorylation and activation of Ras, subsequently MEK, and finally
ERK account for the mitogenic effects of insulin. PTP1B, by dephosphorylating the IR
and IRS, is a major negative regulator of insulin signalling (see section 1.4).
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1.3.3 Insulin resistance

Insulin resistance is a key feature of the metabolic syndrome and obesity, and
plays a central role in the development of T2DM (cf. section 1.2.2) [23-25].

The term insulin resistance describes the impaired response of target tissues
(liver, fat, muscle) to insulin [26]. It is a defect in insulin signal transduction
[27]. The skeletal muscle, normally responsible for more than 75 % of all insulin-
mediated glucose disposal, is the main site of insulin resistance in T2DM [25, 28].

Insulin resistance leads to reduced glucose uptake into muscle and adipose tissue,
reduced glucose oxidation and glycogen synthesis in the skeletal muscle, increased
release of free fatty acids (FFA) from adipose tissue into the circulation (due to
impaired inhibition of triglyceride lipolysis), and increased hepatic gluconeogenesis
28, 29]

The etiology of insulin resistance can not be explained easily and is still incom-
pletely understood [30]. Genetic predispostion as well as environmental factors
such as excess caloric intake, physical inactivity, and obesity, and also infections,
contribute to the development of insulin resistance [25, 27, 31].

On a molecular basis, elevated levels of circulating glucose, insulin, free fatty
acids, and inflammatory cytokines (e.g. IL-1, IL-6, and TNF-a) seem to be the
key factors leading to peripheral insulin resistance [27, 31]. In obesity, a low-
grade inflammatory state, high amounts of inflammatory cytokines and FFAs are
released from the expanded adipose tissue — this seems to be the link between
obesity and insulin resistance (and ultimately T2DM) [12, 31]. Insulin resistance
itself leads to increased plasma glucose, insulin, and FFA levels, which in turn

further induce insulin resistance, leading to a vicious circle.

Insulin signal transduction can be impaired on all steps of the insulin signalling
pathway (cf. Figure 2), including the IR itself (alterations in IR expression, insulin
binding, phosphorylation state, and/or kinase activity). However, post-receptor
defects (interruptions in proximal and/or downstream IR signalling events) are
thought to be the primary reason for peripheral insulin resistance [27].

The kinase activity of the IR and the function of IRS proteins are tightly regu-
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lated by their phosphorylation state. They are activated by tyrosine phosphory-
lation and inhibited by serine/threonine phosphorylation [17, 23, 32]. Increased
activity and/or expression of protein tyrosine phosphatases (e.g. PTP1B, see

section 1.4) or serine kinases can therefore lead to decreased insulin signalling.

These mechanisms have been suggested to underlie the induction of insulin re-
sistance by FFAs and inflammation, too: High levels of plasma FFAs and TNF-a
have been shown to activate serine kinases such as PKC (Protein kinase C; chron-
ically activated in various models of insulin resistance) and IKK-B, and induce
increased PTP1B expression [23, 27, 31, 33].

1.4 Protein tyrosine phosphatase 1B

1.4.1 Physiology

Reversible protein tyrosine phosphorylation is an important mechanism in the reg-
ulation of cell signalling [34]. Protein tyrosine phosphatases (PTPs) catalyze pro-
tein tyrosine dephosphorylation and are therefore able to modulate signal trans-
duction pathways both in a negative or positive way [35, 36]. The ubiquitously
expressed pTyr specific phosphatase PTP1B, belonging to the intracellular class of
PTPs [37, 38], plays a major role in the regulation of insulin and leptin signalling
[35]: Insulin signalling is negatively regulated by PTP1B by direct dephosphory-
lation of the activation segment of the IR [39] and of insulin receptor substrates
(reviewed in [36]). Other examples for PTP1B substrates are JAK2 and STAT3
— this explains the modulating effect of PTP1B in the leptin signal transduction,
which takes place via the JAK-STAT pathway [40, 41].

Although PTP1B dephosphorylates receptor tyrosine kinases and therefore can
down-regulate their downstream signalling, PTP1B shows a positive effect on the
activation of small GTPases, such as Ras, and their downstream MAPKSs, which

leads for example to ERK activation [42].
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1.4.2 Regulation

The balance between protein tyrosine phosphorylation and dephosphorylation is
important for the regulation of signal transduction pathways [34]. The activity of
PTPI1B is tightly controlled by location (PTP1B is targeted to the membrane of
the endoplasmatic reticulum (ER) with its hydrophobic C-terminus [43]), oxida-
tion, phosphorylation, sumoylation and proteolysis (reviewed in[44]). PTP1B, a
major regulator of insulin signalling, is itself regulated by insulin action: Insulin
binding to its receptor causes PTP1B phosphorylation in various positions, which
can result in increased or decreased PTP1B activity (reviewed in[44]). Also, the
Cys residue in the active site of PTP1B, which is essential for its catalytic activ-
ity, can be oxidized to a sulfenic acid by H,O,, which is produced in response to
insulin — this leads to reduced catalytic activity and an increased insulin response
45].

1.4.3 PTP1B inhibitors for the treatment of T2DM

As insulin resistance is a key feature in T2DM and metabolic syndrome, and
PTP1B is a negative regulator of insulin signalling, it suggests itself that dysreg-
ulation of PTP1B plays a role in the pathogenesis of these diseases [46].

In several models for diabetes and obesity alterations in PTP1B expression and
activity were observed, and mutations in the PTP1B gene leading to changes in
expression and regulation of PTP1B, were shown to be associated with diabetes
and obesity in humans [36, 46, 47]. PTP1B knock-out mice show increased insulin
sensitivity compared to their PTP1B*/* littermates and they are resistant to diet-
induced diabetes and obesity [48]. Cell culture experiments showed that treatment
with selective PTP1B inhibitors results in increased phosphorylation of IRf, IRS-
1, Akt and ERK1/2, enhancing both basal and insulin-stimulated IR signalling
[49]. Specific inhibition of PTP1B is therefore expected to enhance insulin and
leptin sensitivity and seems a promising therapeutic strategy for the treatment of
T2DM and obesity [38, 50].

As PTP1B acts as a negative regulator of receptor tyrosine kinases, concerns
have been raised that inhibition of the enzyme might promote tumorigenesis. In-

deed, PTP1B negatively regulates cell signalling in some cancer types, but in

10
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others it has a positive signalling role in cell proliferation. So while PTP1B inhi-
bition might promote tumour growth in the first cases, it might be a promising
target to treat the latter (reviewed in [44]). PTP1B knock-out mice did not show
increased tumour incidence [48], possibly because deletion of PTP1B leads to de-
creased activation of small GTPases (e.g. Ras) and their downstream MAPKSs,

and therefore to decreased mitogenic signalling [42].

Difficulties in PTP1B inhibitor development

The active site of PTP1B is highly charged and so are many of the inhibitors so
far described (eg. vanadate). This leads to problems in bioavailability. Moreover,
PTPs show a high degree of structural conservation of the active site, so inhibitor
selectivity is a major issue in drug development [36]. Another thing that should
be considered for the in vitro screening of potential inhibitors is the fact that the
Cys residue in the active site of PTP1B is susceptible to oxidation — thus oxidizing

agents might lead to false positive results [38].

1.4.4 Plants/compounds tested for PTP1B inhibitory activity
Leonurus sibiricus — Lamiaceae

Leonurus sibiricus (Honeyweed or Siberian motherwort) is used in traditional
medical systems in Asia and South America as a drug against infections, inflam-
mation, and diarrhoea, or as a tonic and general remedy [51-53]. Modern phar-
macological studies have shown analgesic, anti-inflammatory and lipid-lowering
effects [51, 53, 54].

Agrimonia pilosa — Rosaceae

Agrimoniae herba, the dried aerial parts of Agrimonia pilosa (Hairy agrimony),
is prescribed in traditional chinese medicine (TCM) as adstringent, hemostatic,
anti-diarrhoeal, cardiotonic or externally against eczema or furuncles [55, 56]. Ac-
tivities proved so far include antiplatelet [57], antitumor [58], acetylcholinesterase
inhibiting [59], antioxidant [60], anti-adipogenic [61], antinociceptive [62], anti-

inflammatory [63], and antiviral effects [64].

11
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Agrimonia pilosa is also traditionally used to treat diabetes and there are some
studies that confirm blood-glucose lowering effects of the drug [65]. However, to

date the mechanism of action of this antidiabetic effect has not been identified.

Terminalia species — Combretaceae

Various species of the Terminalia genus are traditionally used for medicinal pur-
poses in the tropical region, where these deciduous trees are native. A high content

in tannins is a common feature of the tested species (see below).

The fresh fruits, leaves and the bark of Terminalia nigrovenulosa are used as
antidiarrhoeals in Thailand and Vietnam [66, 67]. Extracts of T. nigrovenulosa
showed anti-cancer properties in vitro [67]. Gallic acid and 3,4-dihydroxybenzoic

acid are prominent compounds found in 7. nigrovenulosa extracts [67, 68].

Terminalia bellirica is used in traditional Indian medicine against infections, in-
flammations and gastrointestinal dysfunctions. It is also a component of ‘triphala’,
an Ayurvedic herbal preparation used for example for the treatment of diabetes
[69]. Extracts of T. bellirica showed blood glucose lowering, insulin sensitizing
and obesity preventing effects in various animal models for (type 2) diabetes,
both alone and in combination with T. chebula and Phallathus emblica, the other
constituents of triphala [70-73]. Treatment with triphala was also shown to be
able to reduce blood glucose levels in type 2 diabetic human subjects [74]. Octyl
gallate was suggested as one of the active principles responsible for the antidiabetic

properties of T. bellirica by stimulating insulin secretion [71].

Leaves of Terminalia calamansanai are used as a lithontriptic in Philippines

[75]. The contained ellagitannins were shown to have cytotoxic effects [76].

Terminalia citrina is traditionally used in Thailand and India as antimicrobial,
haemostyptic, against fevers, diarrhoea and other gastrointestinal dysfunctions,
etc [69, 77]. In traditional Indian medicine, medicinal properties of T. citrina are
thought to be similar to those of T. chebula, a constituent of ‘triphala’(see above)

[69]. High antioxidant potential of extracts of T. citrina has been shown [77].
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1.5 Hypoxia inducible factor 1

Tannins were isolated as major secondary metabolites in the fruit of T. citrina
[78].

Fatty acids

As elevation of plasma free fatty acid levels is associated with T2DM and insulin
resistance [79], it is surprising that oleic acid has been identified as the major
PTP1B inhibitor in the bark of Phellodendron amurense and might therefore
contribute to the blood glucose lowering effects of this herbal drug [80].

The impact of fatty acids on metabolic health is dependent on their length, sat-
uration level and configuration: Dietary intake of saturated fatty acids (palmitic
and stearic acid) is associated with an increased risk for the development of di-
abetes, while plasma levels of linoleic acid are inversely correlated with diabetes
incidence [81]. The saturated fatty acids palmitate and stearate were shown to in-
duce insulin resistance in cell models [82], whereas oleate can protect cells against

palmitate induced insulin resistance [83, 84].

1.5 Hypoxia inducible factor 1

1.5.1 General information

Hypoxia inducible factors (HIF) are ubiquitously expressed heterodimeric tran-
scription factors. They are central in the adaption of multicellular organisms to
hypoxia (ie. reduced O, availability) both on systemic and cellular level and are
indispensable for normal development. HIF target genes include genes involved
in angiogenesis, apoptosis, cell cycle progression, glucose uptake, glycolysis and
lipid metabolism. It consists of an a-subunit, HIF-1la, and a B-subunit, HIF-
1B (also known as aryl hydrocarbon receptor nuclear translocator, ARNT), both
of which belong to the family of basic helix-loop-helix transcription factors [85-
88]. HIF-1p is constitutively expressed in the nucleus, whereas HIF-1a expression,
protein stability, and activity are tightly regulated both oxygen-dependently and
-independently, thus regulating the transcriptional activity of HIF-1 [86, 89].
Apart from HIF-1la, other HIF-a-subunits, namely HIF-2a and HIF-3a, have
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been identified, but have been less well studied so far. The B-subunit exists in

several splice variants [90].

1.5.2 Regulation of HIF-1 transcriptional activity

As mentioned above, the transcriptional activity of HIF-1 is dependent on HIF-1a
protein level and activity [86].

Oxygen-dependent regulation of HIF-1a level and activity

Under normoxic conditions HIF-1a is hydroxylated by prolyl hydroxylases (pro-
lyl hydroxylase domain proteins, PHDs), which results in the binding of the von
Hippel-Lindau protein (VHL), subsequent ubiquitylation, and proteasomal degra-
dation of the HIF-la protein [91]. The rate at which HIF-la is hydroxylated
by PHDs is dependent on the cellular O, concentration — lower O, levels result
in slower hydroxylation and therefore reduced degradation of HIF-1a, leading to
higher HIF-1a levels in hypoxia. The active site of PHDs contains an Fe(II) ion,
which can be chelated, or substituted by Co(II) — this results in inactivation of the
enzyme, explaining why iron chelators (e.g. desferrioxamine) and CoCl, inhibit
HIF-1a degradation [91, 92].

Moreover, the HIF-1a transactivation domain can be asparaginyl hydroxylated
oxygen-dependently, for example by Factor Inhibiting HIF-1 (FIH-1), resulting in
impaired coactivator binding [91].

Together, these two mechanisms lead to decreased HIF-1 transcriptional activity

under normoxic compared to hypoxic conditions.

Oxygen-independent regulation of HIF-1a level and activity

Besides the oxygen-dependent regulation of HIF-la-degradation via the VHL
pathway, other, oxygen-independent, mechanisms to regulate HIF-1a protein lev-
els exist. Binding of the receptor of activated protein kinase C (RACK1) to HIF-1a
results in ubiquitylation and proteosomal degradation of HIF-1a [93]. This path-
way is modulated for example by the 90 kDa heat shock protein (HSP90), which
competes with RACK1 for binding to HIF-1a, and Calcineurin, which calcium-
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1.5 Hypoxia inducible factor 1

dependently phosphorylates RACK1 and thus inhibits the homodimerization nec-
essary to induce HIF-1a degradation [94, 95]. GSK3p and forkhead box (FOX) O4,
both of which are negatively regulated via the PI3K-Akt pathway, also promote
VHL-independent HIF-1a degradation [93, 96].

Not only HIF-la degradation is modulated via the PISK-Akt pathway, but
also its transactivation (FOXO3a, which is negatively regulated by Akt, inhibits
HIF-1a transcriptional acitivity), and its translation in response to growth factors
and cytokines. The mammalian target of rapamycin (mTOR) and the MAPK
pathways are also involved in the latter [93, 97].

1.5.3 HIF-1 and diabetes

Dysregulation of the HIF pathway has been shown to play a role in the patho-
physiology of diseases including cancer, heart disease, pulmonary vascular disease,
metabolic syndrome, and diabetes (reviewed in [87, 98]).

Disturbances in HIF-1 signalling have a detrimental role in several stages of the
pathogenesis of T2DM, including insulin secretion, insulin resistance, adipocyte
dysfunction and inflammation [88].

ARNT levels, and therefore HIF-1 transcriptional activity, are reduced in B-cells
and liver of T2DM patients [88]. Slight increases in HIF-1la protein levels, for
example by administration of iron chelators like desferrioxamine, improve glucose
stimulated insulin secretion, which is impaired in T2DM patients, in the pancreatic
B-cells and lead to an up-regulation of IR and Akt in the liver [9, 88].

Mice lacking the HIF-1a gene in hepatocytes show severe insulin resistance in
skeletal muscle and adipose tissue, as well as reduction of hepatic glucose uptake
after long-term exposure to a high fat/sucrose diet (HFSD). Conversely, HFSD
results in reduced HIF-1a protein levels and substantial increase of blood glucose
levels in wild-type mice, suggesting down-regulation of HIF-1a by hyperglycemia
[99].

In the skeletal muscle, insulin induced up-regulation of glucose transporters was
shown to be dependent on the HIF-1a/ARNT transcriptional complex [100]. This
suggests a role of HIF mediated signalling in insulin responsiveness in the skeletal

muscle.
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Adipose tissue of insulin resistant, obese subjects is hypoxic, and the consequent
up-regulation of HIF-1a leads to increased levels of inflammatory factors like 11.-6
and leptin, suggesting a link between defects in adipocyte response to hypoxia and
the development of insulin resistance and diabetes (reviewed in [88]). Inhibition
of HIF-1 in adipocytes by adipose tissue specific knock-down of either HIF-1a
or ARNT protects mice from high fat diet-induced obesity and insulin resistance
[101]. However, in experiments of a different group, transgenic mice expressing an
adipocyte-specific dominant negative version of HIF-1a were more susceptible to
diet-induced obesity and insulin resistance than their wild-type littermates [102].

It was shown that global deletion of FIH, leading to a modestly increased HIF-1
transcriptional activity, protects mice against weight gain induced by high fat diet;
mice on a normal diet showed increased energy expenditure and insulin sensitivity,
weighed less and were smaller than wild type mice [103].

Overall, activation of HIF-1a by small compounds may represent a viable ap-

proach to alleviate the dysfunctional metabolic control in T2DM.

HIF-1 signalling not only plays a role in the pathogenesis of T2DM itself, but
also in the micro- and macrovascular complications linked to diabetes, where hy-
poxia is a key feature [88]. Hyperglycemia inhibits the hypoxia-induced stabi-
lization of HIF-1a protein and thus interferes with cell response to hypoxia [104].
HIF-1a protein levels were severely reduced in wounds of leptin receptor-deficient
mice compared with nondiabetic littermates — restoration of HIF-1 function ac-
celerated wound healing [105], indicating a beneficial effect of HIF-1a activation

in for example diabetic foot ulcers.

1.5.4 Compounds tested for induction of HIF mediated

signalling
CoCl,

The inorganic compound CoCl, is well established as an activator of HIF-1 me-
diated transcriptional activity under normoxic conditions and is usually used in

concentrations of about 100 pM in cell culture experiments [106]. Exposing cells
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1.5 Hypoxia inducible factor 1

to CoCl, causes induction of HIF-1 DNA binding activity and expression of down-
stream target genes, simulating the effects of hypoxia by augmenting the formation
of reactive oxygen species and via the phosphatidylinositol-3-kinase and MAPK
pathways [107-109].

Piperine

The piperidine alkaloid piperine is the main alkaloid in the fruits of Piper ni-
grum and their major pungent principle. Piperine has antioxidant properties and

possesses bioavailability-enhancing activity [110].

Gingerol

Gingerol is one of the major pungent compounds in the rhizome of Zingiber offi-
cinalis and has antibacterial, anti-inflammatory and anti-tumour-promoting prop-
erties [110]. Gingerol was shown to increase HIF-1a mRNA expression possibly by
alleviating oxidative stress, in hypoxic mouse embryos, where HIF-1a mRNA lev-
els are usually decreased compared to embryos cultured in normoxic environment
[111].

RTA and IM

RTA and IM are synthetic oleanane triterpenoids, synthesized at Dartmouth Col-
lege, USA. Synthetic oleanane triterpenoids are multifunctional drugs, targeted at
regulatory proteins controlling the activity of transcription factors (e.g. KEAP1,
IkB kinase,...) and thus affecting activities related to inflammation and the redox
state of cells and tissues. This makes them potential drugs for the prevention and

treatment of diseases with an inflammatory component [112].
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2 Materials and Methods

2.1 Materials

2.1.1 Test extracts/compounds

The plant extracts tested in the course of this work were provided by cooperation
partners at the Institute of Pharmacy/Pharmacognosy, University of Innsbruck,
Austria and at the Department of Pharmacognosy, University of Vienna, Austria.

Plants were extracted with methanol on the ultrasonic bath, three times for
25 min. The extracts were then fractionated using a MPLC RP-18 column. These
fractions were tested for their PTP1B inhibitory activity.

Table 2: Extracts and compounds tested for PTP1B inhibition or HIF1la induction

Name Concentration Provider

PTP1B inhibition:

Plant extracts:

Subfractions of Agrimoniae herba 10 pg/pl D. Steinmann/
pilosa (Ah) H. Stuppner (Uni-
versity of Innsbruck,
Austria)
Subfractions of Terminalia ni- 10 pg/ul D. Steinmann/
grovenulosa herba (Tn) H. Stuppner (Uni-

versity of Innsbruck,
Austria)

(continued on next page)
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(continued from previous page)

Name Concentration Provider

Subfractions of Terminalia citrina 10 pg/ul D. Steinmann/

herba (Tci) H. Stuppner (Uni-
versity of Innsbruck,
Austria)

Subfractions of Terminalia bellir- 10 pg/pl D. Steinmann/

ica herba (Tb) H. Stuppner (Uni-
versity of Innsbruck,
Austria)

Subfractions of Terminalia cala- 10 pg/ul D. Steinmann/

mansanai herba (Tca) H. Stuppner (Uni-
versity of Innsbruck,
Austria)

Subfractions of Leonurus sibiricus 25 pg/ul S. Glasl (University

leaves (Ls) of Vienna, Austria)

Fatty acids:

Stearic acid 1M to 30 pM Sigma

Petroselinic acid 1M to 30 pM Sigma

Oleic acid 1M to 30 pM Sigma

Vaccenic acid 1M to 30 pM Sigma

Linoleic acid 1M to 30 pM Sigma

Linolenic acid 1M to 30 pM Sigma

HIF1lo induction

Co(l, 100 pM and 200 pM  Sigma

Gingerol 3pM and 10pM  Sigma

Piperine 20pM and 50uM  Sigma

(continued on next page)
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(continued from previous page)

Name Concentration Provider

RTA 0.03pM and 0.1pM M. Sporn,
Dartmouth Medical
School, NH, USA

IM 0.03pM and 0.1pM M. Sporn,
Dartmouth Medical
School, NH, USA

2.1.2 Products and Supplier Information

Table 3: Used products and supplier information

Name Supplier
Enzyme
PTP1B human recombinant enzyme R&D Systems

Lyophilized enzyme was solved to 1ug/pl with PTP1B buffer and stored at
—80°C in aliquots of 10ul in small incubation tubes (long-term stock). For short-
term storage the enzyme solution was split to 1.4 pl aliquots also stored at —80°C.
Thus, repeated freeze/thaw cycles could be avoided. One aliquot of 1.4 ul was used
per plate. Immediately before use it was diluted with 280 ul of cold PTP1B buffer
to 0.005 pg/ul, then divided into two tubes. The tubes were kept on ice until and
while the enzyme solution was pipetted into the wells (5ul in a total assay volume
of 100ul).

Cell lines
C2C12 murine myoblasts ATCC
CHO Michel Tremblay, McGill Uni-

versity, Montreal, Canada

(continued on next page)
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(continued from previous page)

Name Supplier

E.coli transformed with pGL3-EpoHRE-Luc provided by Matthias

Kramer, graduate student in

the lab
Chemicals
3-(N-morpholino)propanesulfonic acid Sigma
(MOPS)

para-Nitrophenylphosphate-disodium salt hex- Sigma
ahydrate (pNPP)
Dithiothreitol (DTT) Fluka

stored for use as a 1 M solution at —20°C

Ursolic acid (UA) Sigma
stored for use as 30mM solution in DMSO at —20°C

Sodium ortho-vanadate (SOV) Sigma
stored for use as 10mM solution in H,O at —20°C

Dimethyl sulfoxide (DMSO) Fluka
4-(2-hydroxyethyl)-1-piperazineethanesulfonic ~ Fluka
acid (HEPES)

Ethylene glycol tetraacetic acid (EGTA) Fluka
Ethylenediaminetetraacetic acid (EDTA) Fluka
NaCl Fluka
Na,HPO, Fluka
KH,PO, Fluka

Tris(hydroxymethyl)aminomethane hydrochlo-  Sigma
ride (Tris-HCI)

Nonidet P40 Sigma
Sodium desoxycholat Sigma
Sodium dodecyl sulfate (SDS) Sigma

(continued on next page)
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(continued from previous page)

Name Supplier
NaN, Sigma
Tetramethylethylenediamine (TEMED) Fluka
Ammonium peroxo disulfate (APS) Fluka
2-Amino-2-hydroxymethyl-propane-1,3-diol Fluka
(Tris base)

Glycine for electrophoresis (min. 99 %) Sigma
Glycerol anhydrous Fluka
Bromophenolblue Sigma
Tween 20 Sigma
Luminol Sigma
p-Coumaric acid Sigma
H,0, Sigma
Sodium palmitate Sigma
D-Luciferin (sodium salt) Synchem
ATP Sigma
Roti®-Quant Carl Roth
Rotiphorese® 30 % acrylamide/bisacrylamide ~ Carl Roth
Bovine Serum Albumin Sigma
Albumin V fraction fatty acid free Sigma
Media and supplements

Dulbecco’s Modified Eagle’s Medium (DMEM) Lonza

Fetal bovine serum (FBS)
Horse serum (HS)

Gibco, Invitrogen

Gibco, Invitrogen

Sera were heat inactivated at 56°C for 45 min and stored in aliquots at —20°C.

L-Glutamine
Penicillin /Streptomycin mix
LB broth

Lonza
Lonza

Sigma

(continued on next page)
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(continued from previous page)

Name Supplier
Ampicillin (sodium salt) Sigma
Opti-MEM® Reduced Serum Medium Invitrogen

Kits

peqGOLD Total RNA Kit

peqGOLD DNase I Digest Kit

SuperScript First-Strand Synthesis System
for RT-PCR

LightCycler® 480 SYBR Green I Master
PureYield" Plasmid Midiprep System

Plasmids

pEGFP-N1
pGL3-EpoHRE-Luc (HIF-responsive element

of erythropoietin promotor)

Primers for RT-PCR

Mm_IL-6_1_SG QuantiTect Primer Assay
(Actin)

Mm _Ptpnl_1_.SG QuantiTect Primer Assay
(PTP1B)

Mm_IL-6_1_SG QuantiTect Primer Assay (IL-
6)

Miscellaneous material

Luciferase lysis buffer

Trypsin

peqglab Biotechnologie GmbH
peqlab Biotechnologie GmbH

Invitrogen

Roche Applied Sciences

Promega

Clontech
Prof. Kietzmann, University
of Oulu, Finland

Qiagen

Qiagen

Qiagen

Promega

Invitrogen
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(continued from previous page)

Name Supplier
Recombinant human Tumor necrosis factor-a ~ Sigma
(hTNFa)

Insulin Sigma

Complete " protease inhibitor cocktail

Fugene®

Immun-Blot" PVDF Membrane (0.2 0.2 um)

Precision Plus Protein’ Standard

Gel blotting paper

Technical equipment

Eluator” Vacuum Elution Device
FACSCalibur" BD Biosciences
LAS-3000" Luminescent Image Analyzer
Mini Trans-Blot™ Electrophoretic Transfer
Cell

Power supply Power Pac” HC

Tecan GENios Pro

Tecan Sunrise

Vac-Man® Laboratory Vacuum Manifold
Vi-Cell” XR Cell Viability Analyzer
Light Cycler® 480 System

Software

XFLUOR4 Version 4.51
XFLUOR4GENIOSPRO Version 4.63
Cell Quest Pro version 5.2

Vi-Cell” XR 2.03

Image Reader LAS-3000"

Roche Diagnostics
Roche
BIO-RAD Laboratories

BIO-RAD Laboratories
Whatman plc

Promega

Pharmingen

Fujifilm

BIO-RAD Laboratories

BIO-RAD Laboratories
Tecan

Tecan

Promega

Beckman Coulter

Roche Applied Sciences

Tecan

Tecan

BD Biosciences
Beckman Coulter
Fujifilm

(continued on next page)
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(continued from previous page)

Name Supplier

AIDA" (Advanced Image Data Analyzer), ver- Raytest GmbH

sion 4.06

Excel Microsoft

Light Cycler® 480 Instrument Software Ver- Roche Applied Sciences

sion 1.5

2.1.3 Buffers and Solutions

Table 4: Composition of buffers and solutions used for expermimental procedures

Reagent /Solution Amount

PTP1B enzyme assay

MOPS buffer 50 mM:

3-(N-morpholino)propanesulfonic acid 1046 mg
(MOPS)

Aqua dest. 100 ml
NaOH to pH 6.5

stored at 4°C

Substrate solution: 4 mM pNPP in MOPS buffer (for one 96 well plate):
para-Nitrophenylphosphate-disodium salt 11.14 mg

hexahydrate (pNPP)

MOPS buffer 7.5ml

Dithiothreitol (DTT) 1 M 15nl

prepared freshly for every experiment

PTP1B buffer:
HEPES 10 mM

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount
EGTA 0.1mM
EDTA 0.1mM
DTT 1mM
BSA 0.5 mg/ml

pH 7.5; stored in aliquots at —20°C

Cell culture

Growth medium

Dulbecco’s Modified Eagle’s Medium 500 ml

(DMEM)

Fetal bovine serum (FBS) 10%

L-Glutamine 2mM
Penicillin/Streptomycin 100 U/ml /100 pg/ml

Differentiation medium

DMEM 500 ml

Horse serum (HS) 2%

L-Glutamine 2mM
Penicillin/Streptomycin 100 U/ml /100 pg/ml

Starvation medium

DMEM 500 ml

BSA 0.5%

L-Glutamine 2mM

Penicillin /Streptomycin 100 U/ml /100 pg/ml

Serum-free medium
DMEM 500 ml

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount
L-Glutamine 2mM
Penicillin/Streptomycin 100 U/ml /100 pg/ml

Supplements/additives were sterile filtered into the bottle containing the

medium.

Phosphate buffered saline (PBS)

NaCl 36.0g
Na,HPO, T4g
KH,PO, 2.15¢

pH 7.4; stored at 4°C after autoclaving

Trypsin/EDTA

Trypsin 0.05%
Sodium EDTA 0.2%
PBS

Trypsin and EDTA dissolved in PBS, sterile filtered and stored in aliquots at
—20°C

Sodium palmitate solution for insulin resistance model:
Sodium palmitate

Ethanol 96 %

Aqua dest.

Albumin V fraction fatty acid free

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount

Sodium palmitate was dissolved in a 1:1 miz of ethanol (96 %) and purified
water by heating in heating block to 50°C to a concentration of 150mM. This
solution was diluted 1:20 with a 10 % solution of fatty acid free albumin in water
and incubated for 60 min in a waterbath at 37°C while shaking to couple palmitate

to albumin. The solution was then sterile filtered and stored in aliquots at —20°C.

Control solution for insulin resistance model:
Ethanol 96 %

Aqua dest.

Albumin V fraction fatty acid free

A 1:1 miz of ethanol (96 %) and purified water was diluted 1:20 with a 10%
solution of fatty acid free albumin in water and incubated for 60 min in a waterbath
at 37°C while shaking. The solution was then sterile filtered and stored in aliquots
at —20°C.

Protein extraction and determination

RIPA buffer

Tris (hydroxymethyl) aminomethane- 50 mM
hydrochloride (Tris-HCI) pH 7.4

NaCl 500 nM
Nonidet P40 1%
Na-desoxycholat 0.5%
SDS 0.1%
NaN, 0.05 %
Aqua dest.

Immediately prior to use Complete” was added

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount
Bradford reagent

Roti®-Quant 1 part
Aqua dest. 2.75 parts

volume needed for 1 well: 190 ul

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

APS — 10 % solution:
APS lg
Aqua dest. ad 10 ml

stored at 4°C

1.5M Tris-HCI pH 8.8:

Tris-HC1 23.6¢g
Aqua dest. ad 100 ml
NaOH to adjust pH

stored at 4°C

1.25M Tris-HCI pH 6.8

Tris-HCI 19.7¢
Aqua dest. ad 100 ml
NaOH to adjust pH

stored at 4°C

Sodium dodecyl sulfate (SDS) — 10 % solution:
Sodium dodecyl sulfate (SDS) 10g
Aqua dest. ad 100 ml

stored at room temperature to avoid precipitation

(continued on next page)
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Reagent /Solution

Amount

Resolving gel (10 % polyacrylamide) — for 1 gel:

30 % acryamide/bisacryamide
1.5M Tris-HCI pH 8.8

10% SDS

Aqua bidest.

TEMED

10% APS

Total volume: 7.5ml

Stacking gel — for 1 gel:

30 % acrylamide/bisacrylamide
1.25M Tris-HCI pH 6.8

10 % SDS

Aqua bidest.

TEMED

10% APS

Total volume: 3.75ml

2.5ml
1.875ml
75l
3.05ml
7.5l
37.5pul

640 nl
375l
37.5nl
2.62ml
7.5nl
37.5nl

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount

Preparation of Gel: All components for resolving gels were mized in a Fal-
con tube, TEMED and APS being added last, thus starting the polymerisation of
the acrylamide. The mizture was then poured into the gel holder, and approxi-
mately 2ml of isopropanol were put on top to create an even layer of the gel and
avoid evaporation. After about 20 min the resolving gel was fully polymerized. The
1sopropanol was then removed and the surface of the gel was briefly rinsed with
Aqua dest. The mizture for the stacking gel was prepared in the same way and
was poured on top of the resolving gel into the gel holder, at last putting in the
comb to form wells.

When the stacking gel was polymerized, too, the gel was ready for gel electorphore-
sis.  If mot used immediately, gels were wrapped in wet paper tissues, put in a

plastic bag, and kept in the fridge for up to a few days.

Electrophoresis buffer 10x:
Tris-(hydroxymethyl) aminomethane (Tris- 30g

base)

Glycine for electrophoresis (min 99 %) 144 ¢

SDS 10g

Aqua dest. ad 1000 ml

Stored at 4°C
Electrophoresis buffer 1x:
Electrophoresis buffer 10x 100 ml

Aqua dest. ad 100 ml

SDS sample buffer 3x

0.5 M Tris-HCI pH 6.8 37.5ml
SDS 6.0g
Glycerol anhydrous 30.0ml

(continued on next page)
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Reagent /Solution Amount
Bromophenolblue 15.0 mg
Aqua dest. ad 100 ml

10mM DTT added prior to use. This 3x solution was mized 1:3 with cell lysates
(i.e. 1 part sample buffer, 2 parts lysate)

Western blotting and Immunodetection

Blotting buffer 5x:

Tris-base 15.169¢g
Glycine 729¢g
Aqua dest. ad 1000 ml

Stored at 4°C

Blotting buffer 1x:

Blotting buffer 5x 200 ml
Methanol 200ml
Aqua dest. ad 1000 ml

Tris-buffered Saline Tween-20 (TBS-T) pH 8.0:

Tris-base 3.0g

NaCl 11.1g
Tween 20 1ml

Aqua dest. ad 1000 ml
HCI conc. to adjust pH

stored at 4°C

Enhanced Chemiluminescence Reagent :
Aqua dest. 4.5ml
1M Tris-base pH 8.5 0.5ml

(continued on next page)
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(continued from previous page)

Reagent /Solution Amount

Luminol (0.25M in DMSO) 12.5nl

p-Coumaric acid (90 mM in DMSO) 11pl

30 % H,0, 1.5pnl
H,0, is added last.

Membrane stripping solution:

0.5M NaOH

Blocking solution:

Bovine serum albumine (BSA) 25¢g

TBS-T ad 50 ml

2.1.4 Antibodies

Table 5: Antibodies used for Immunodetection

Target

Source Molecular weight Supplier

Primary antibodies:
Phospho-Akt(Ser473)
Phospho-Insulin Receptor
B(Tyr1361) (84B2)
Phospho-IGF-I Receptor
B(Tyr1131)/Insulin Receptor
B(Tyr1146)
Phospho-IGF-I Receptor
B(Tyr1135/1136)/Insulin
Receptor B(Tyr1150/1151)
(19HT)

Insulin Receptor B(4B8)

rabbit 60 kDa Cell signaling
rabbit 95kDa Cell signaling
rabbit 95kDa Cell signaling
rabbit 95kDa Cell signaling
rabbit 95kDa Cell signaling
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(continued from previous page)

Target Source Molecular weight Supplier
Phospho-p44/42 MAPK rabbit 42/44kDa Cell signaling
(Erk1/2) (Thr202/Tyr204)
Phospho-Gsk3p(Ser9) (5B3) rabbit 46 kDa Cell signaling
IxkB a rabbit 41 kDa Cell signaling
a/B Tubulin rabbit 55kDa Cell signaling
Purified mouse Anti-PTP1B mouse 50kDa BD transduction
laboratories

Secondary antibodies:

anti Rabbit IgG goat New England
Biolabs
anti Mouse IgG goat Upstate

All antibodies were used in a dilution of 1:1000 in TBS-T. Dilutions were stored
at —20°C.

2.2 Methods

2.2.1 PTP1B Enzyme Assay
Principle

Extracts were tested for their PTP1B inhibitory activity using a colorimetric as-
say adapted by R. Baumgartner [113]. pNPP was used as a colorigenic sub-
strate. Phosphatases dephosphorylate the colourless pNPP to the yellowish para-
nitrophenol, addition of NaOH results in formation of para-nitrophenolate and
an increase in optical density at a wavelength of 405 nm (Fig. 3 on the following
page).

In presence of a phosphatase inhibitor, depending on its inhibitory activity, this
reaction does not take place to the same extent and the measured absorption at

405 nm is lower.
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Figure 3: Mechanism of the chemical reaction resulting in the colour that is detected
in the PTP1B enzyme assay.

Procedure

The PTP1B enzyme assay was carried out in 96 well microplates. Test com-
pounds/extracts as well as positive controls (the known inhibitors ursolic acid
[UAJ[114] and sodium orthovanadate [SOV][115]) were prediluted in DMSO to
a concentration of 100 times the intended test concentration (cf. Table 2 on
page 19), and then further diluted in MOPS buffer to 2 times the final concentra-
tion. For the blank, DMSO was diluted 1:50 in MOPS buffer, resulting in a final
concentration of 1%.

Extracts/compounds were tested in quadruplicate, both with and without en-
zyme.

Figure 4 on the facing page shows a pipetting scheme: 457l of the respective
solutions were pipetted into rows A, B, E and F, and 50 nl into rows C, D, G and
H. Then 50 pl of freshly prepared substrate solution (4 mM pNPP in MOPS buffer)
were added to each well with a multichannel pipette. As pNPP is photosensitive,
the microplate was covered from light while preparing further steps.

One vial of the prediluted enzyme (see page 21) was taken from the —80°C
freezer and thawed by adding 280 pl of cold PTP1B buffer. The enzyme solution
was mixed gently, half of it put into another, prechilled Eppendorf tube, thus
making two aliquots. Then 5l of the enzyme solution (ie. 0.025 g PTP1B) were
added to each well in rows A, B, E and F, using the contents of the first tube for
rows A and B, the contents of the second for rows E and F, always keeping the

tube with the enzyme solution on ice. To minimize differences in measured total
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enzyme activity throughout the plate, the pipetting process was carried out from

left to right in rows A and E, and from right to left in row B and F (see Figure 4).

DMSO UA 1 2 3 4 DMSO
1 2 3 4 5 6 7 8 9 10 11 12

+ enzyme

@,
o0 (P
)
@,

- enzyme

+ enzyme

-~

- enzyme

DMSO 5 6 7 8 SOV DMSO

Figure 4: Pipetting scheme for PTP1B enzyme assay: A 96 well microplate was pre-
pared with solutions of DMSO (indicated in blue), UA, SOV (red), and test extracts/
compounds (1-8) and the substrate solution. Enzyme solution was added to rows A, B,
E, and F, arrows indicate the direction in which the pipetting process was carried out.

After adding the enzyme, a kinetic measurement (11 cycles of 3min, 5sec of
shaking and 2sec of settling time before the measurement) of the absorbance
at 405nm was conducted with a Tecan Sunrise” platereader. Then 25l of 10 M
NaOH were added to each well to stop the reaction and ionize the reaction product,
and an endpoint measurement of the optical density at 405 nm was conducted.

This last value was used for the analysis of the experiment.

Analysis

The average of the absorbances (405 nm) of the DMSO wells without enzyme was
subtracted from the average of the absorbances of the DMSO wells with enzyme.
The resulting value was considered as corresponding to an enzyme activity of
100 %.

The average values of the wells with each test extract/compound without en-
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zyme were also subtracted from the average values with enzyme — differences
in absorption caused by the extracts themselves could thus be ruled out. The
percentage of residual PTP1B activity was then calculated by normalizing the
background corrected value for each extract/compound to the DMSO value.

If an extract/compound shows high inhibitory activity, the residual PTP1B

activity is low, resulting in a low absorbance at 405 nm.

2.2.2 Cell culture

All cell culture procedures were carried out in a laminar airflow workbench. Media
and reagents were prewarmed to 37 °C prior to use.
Cells were cultivated in the incubator at a temperature of 37°C and a CO,

concentration of 5 %.

Passaging of C2C12 and CHO cells

Cells were passaged every two to three days, at about 80 % confluence in a 1:10
ratio. The medium was removed, cells were briefly rinsed with prewarmed PBS to
remove all traces of serum, then 3 ml of trypsin/EDTA were added and the tissue
flask was incubated at 37°C, 5% CO, in the incubator until the cell layer was
dispersed. 3ml of fresh growth medium were added to terminate trypsinization,
then the cell suspension was transferred to a 15 ml centrifuge tube and centrifuged
at 200 g for 3min. The supernatant was removed and cells resuspended in 10 ml
growth medium. 1ml of the suspension was transferred to a new 75 cm? tissue

culture flask and another 10 ml of medium were added.

Seeding

C2C12 cells The rest of the cell suspension from the passaging step was filled
with fresh growth medium to a total volume suitable to be divided on the wells/
dishes required for the intended experiments. For example, for the analysis of
extracts and insulin resistance experiments on protein level usually 24 ml of cell
suspension were distributed to the wells of two 6-well plates (ie. 2ml and ap-

proximately 300000 cells per well). For experiments on mRNA level, 10 ml of cell
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suspension were used for each 10 cm dish (approximately 1.5 million cells/plate).

CHO cells The rest of the cell suspension of the passaging step was diluted with
fresh growth medium to a concentration of 0.25 x 10° cells/ml (cells counted using

ViCell®) and 2ml of this suspension were put into each well of a 6-well plate.

Differentiation of C2C12 cells

When cells on test plates reached confluence (about two days after seeding, de-
pending on the density of the used cell suspension), growth medium was removed,
wells were washed once with prewarmed PBS, and differentiation medium (2 ml
per well of a 6 well plate, 10 ml per 10 cm dish) was added [116]. Every two days,
medium was replaced with fresh differentiation medium, the grade of differentia-
tion was assessed visually by light microscopy (cf. Fig. 5 and 6). All experiments

using C2C12 cells were carried out with fully differentiated myotubes.

Figure 5: Undifferentiated C2C12 cells

Treatment of C2C12 cells for determination of suitable insulin

concentration and stimulation time

Insulin concentration: C2C12 myotubes were serum starved for 3 h, pretreated
with 5pM SOV for 30min in order to enhance the signal for phosphorylated
tyrosines and incubated with 0 nM, 10nM, 30 nM, 100 nM, 300nM and 1000 nM

insulin for 5 min.
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Figure 6: Fully differentiated C2C12 cells

Insulin stimulation time: C2C12 myotubes were serum starved for 3h, pre-
treated with 5pM SOV for 30 min in order to enhance the signal for phosphory-
lated tyrosines and then stimulated with 100 nM insulin for 0 min, 3 min, 10 min,

30 min, 45 min and 60 min.

Treatment of C2C12 cells for testing of extracts for PTP1B inhibition

For the PTP1B inhibition experiments, C2C12 cells were serum starved for a total
of 3 hours to enhance insulin response [113]: Differentiation medium was removed,
wells were washed once with prewarmed PBS and 2ml of starvation medium per

well were added. Cells were kept in the incubator at 37 °C.

135 min after the beginning of starvation, extracts were added to the media of
two wells each. For the control, volumes of DMSO corresponding to the amount
of extract were added to two wells (see Figure 7). DMSO concentrations never

exceeded a final concentration of 0.3 %.

After addition of extracts, cells were incubated for 40 min, then 100 nM insulin
were added to the media of one well per group (respective extract or control) and
cells were incubated for further 5min. To terminate insulin stimulation, plates

were then put on ice, medium was removed, and wells were rinsed once with cold

PBS.

40



2.2 Methods

>
“_‘
“N
“w

Figure 7: Pipetting scheme for the cell based testing of extracts for PTP1B inhibition:
Extracts were added to the media in the wells of column 2 and 3 of a 6-well plate,
corresponding amounts of DMSO were added to the wells of column 1 (control). Cells
in row A were stimulated with 100nM insulin (+ Insulin), cells in row B were left
unstimulated (- Insulin).

Treatment of C2C12 cells for insulin resistance model

Differentiation medium was removed and wells/dishes were washed once with PBS.

For analyses on protein level, 2ml of 1:10 dilutions of palmitate or control
solution (preparation described on pages 28-29) in serum free medium were added
to 4 or 2 wells of a 6-well plate, respectively. 10 ng/ml TNFa were added to 2 wells
with palmitate containing media (see Figure 8). Plates were incubated for 18 h
at 37°C, then medium was removed from wells that were to be stimulated with
insulin, wells were washed with PBS and 2ml of starvation medium were added
to each well. Cells were starved for 3 h, then stimulated with 100 nM insulin for
5min. To terminate insulin stimulation, plates were put on ice, the medium was
removed, and wells were rinsed once with cold PBS.

For analyses on RNA level, 10ml of 1:10 dilutions of the palmitate or control
solution were used per 10 cm dish. In the experiments carried out so far, one sam-
ple dish with palmitate containing media, to which 10 ng/ml TNFa were added,

and one control dish were prepared. Dishes were incubated for 21 h, then put on
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Figure 8: Pipetting scheme for insulin resistance experiments on protein level. Cells
in column 1 were treated with the control solution, cells in column 2 with palmitate
(PA) and cells in column 3 with both palmitate and TNFa (PA+TNF). Cells in row A
were stimulated with 100 nM insulin (+ Insulin), cells in row B were left unstimulated
(— Insulin).

ice and medium was aspirated.

2.2.3 Analyses on protein level
Protein extraction

150 ul RIPA buffer containing Complete” Protease inhibitor cocktail were spread
on the bottom of each well and plates were incubated for 5min on ice. Cell
lysates were transferred to 1.5 ml reaction tubes using a cell scraper and sonicated
for 10 sec, while keeping the tubes on ice. Then lysates were centrifuged for 15 min
at 13000rpm (16 060 g) at 4°C. The supernatant was transferred to new reaction

tubes and pellets were discarded.

Bradford Protein Determination

Aliquots of the protein extracts were used for protein determination, generally in

a 1:10 or 1:15 dilution (depending on protein concentration). 10 pl of the dilutions

42



2.2 Methods

were pipetted in triplicate into the wells of a 96 well plate. Triplicates of protein
standard solutions (BSA in water, concentrations 0pg/ml, 50 pg/ml, 150 pg/ml,
200 pg/ml, 300 ng/ml, 400 pg/ml and 500 pg/ml) were used to make a calibration
curve. 190 pl of diluted Bradford reagent (cf. Table 4) were added to each well
with a multichannel pipette, and absorption at 595nm was measured using a
Tecan Sunrise” platereader.

Protein concentrations of the test solutions were calculated from the calibration

curve using Microsoft Excel.

Gel electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used
to separate the proteins of the cell extract by size. Migration speed in the gel
is only dependent on the molecular weight of the protein, as any intrinsic charge
is concealed by interaction of the negatively charged dodecyl sulfate molecules
with the polypeptide chain [117]. In order to increase the sharpness of the protein
bands, discontinuous gels were used (preparation of the gels described on pages 31—
32).

Sample preparation: The amount of protein extracts corresponding to 30 pg
protein was transferred to 1.5 ml Eppendorf tubes and mixed with half the volume
of SDS sample buffer. This mixture was denaturated by heating it to 95°C in a
heating block for 5min. As the sample buffer contains DTT as a reducing agent,
disulfide bonds between polypeptide chains are broken during this process, thus
destroying possible quaternary structures [117].

Samples were then spun down briefly to collect total volume at the bottom of

the tube and kept on ice until loading of gel.

Electrophoresis: Electrophoresis was performed in a Biorad Minitrans-Blot®
cell with 1x Electrophoresis buffer.

The denaturated protein samples were loaded into the wells of a 10 % Laemmli
gel. Samples were run along with 5pl of Precision Plus Protein” Standard at

50 mA until molecular weight standard was fully separated and the first band
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reached the bottom of the gel.

Western Blotting

Separated proteins were then transferred electrophoretically from the gel onto a
methanol-activated PVDF membrane (100 V for 100 min). For this process, the
used Biorad Minitrans-Blot® cell was filled with 1x Blotting buffer, and equipped
with a freezer pack and a magnetic stirrer to keep the temperature in the chamber
consistently low.

To prevent unspecific antibody binding membranes were then swayed in a solu-
tion of 5% BSA in TBS-T for 1 hour to block free binding sites on the membrane.

Immunodetection

Incubation with specific antibodies: To detect target proteins on the western
blotting membranes, the membranes were incubated overnight at 5°C on a rolling
shaker with a 1:1000 dilution of the specific primary antibody in TBS-T.
Membranes then were washed three times for 15 min with TBS-T on a horizonal
shaker, incubated for 1h at room temperature on a rolling shaker with a horse
radish peroxidase (HRP)-linked secondary antibody (1:1000 in TBS-T') recogniz-

ing the primary antibody used before and again washed three times.

Development of the blots: In alkaline conditions and the presence of H,O, the
enzyme HRP coupled to the secondary antibody catalyses the oxidation of luminol
to an excited form of 3-aminophthalate. The relaxation of the latter to ground
level is accompanied by the emission of light [118, 119].

ECL (enhanced chemiluminescence) solution was freshly prepared (described
on page 33) for each membrane, adding H,O, last. TBS-T was removed from
the membrane, ECL solution was added and the membrane was swayed for 30 to
60 sec in the ECL solution. Chemiluminescence was detected using a LAS-3000
image reader with automatic detection times provided by the software, using the
high sensitivity-mode. The intensity of emitted light corresponds to the amount

of target protein on the membrane.
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2.2.4 Analyses on mRNA level
RNA isolation

For RNA isolation, C2C12 cells were grown in 10 cm dishes until confluence, and
- when fully differentiated - treated with PA/TNF for 21 h (cf. section 2.2.2 on
page 41).

RNA isolation was conducted using the peqGOLD Total RNA kit according to
the manufacturer’s instructions: Dishes were put on ice and medium was removed
by aspiration. Further steps were conducted at room temperature. 800l of RNA
Lysis Buffer T were added to each dish and dishes were incubated for 5min at
room temperature. Then cell layers were scratched from the bottom of the dish
and the lysates transferred directly into the DNA removing columns placed in
2.0ml collection tubes. Tubes with columns were centrifuged for about 8 min at
13000 rpm (16 060 g). Flow-through lysate was transferred to a new 1.5 ml reaction
tube and mixed with 800 ul of 70 % ethanol by vortexing. Lysate was pipetted on
a PerfectBind RNA column placed in a collection tube, all centrifuged for 1 min at
13000 rpm (16 060 g). Flow-through liquid was discarded, RNA now being bound
to the columns.

After columns had been washed with 500 pl RNA Wash Buffer I by centrifuging
for 15sec, DNase digestion was carried out directly on the column. For each col-
umn DNase I digestion mix was prepared according to manufacturer’s instruction,
and 75 pl of the mix were pipetted directly on the resin of the column. The columns
were incubated for 15 min at room temperature. Then 400 ul RNA Wash Buffer I
were added, columns were incubated for 5 min and then centrifuged at 13 000 rpm
(16 060 g) for 5 min — flow-through liquid is discarded. Next, columns were washed
twice with 600 pl of RNA Wash Buffer II by centrifuging at 13000 rpm (16 060 g)
for 15sec. Then columns were dried by centrifuging above an empty collection
tube for 3min at 13000 rpm (16 060 g) until completely dry. 50 pl of 70 °C warm
RNase-free water were then pipetted on the resin and the columns were incubated
for 5 min at room temperature before RNA was eluted by centrifuging at 7000 rpm
(4500 g) for 5 min.

Isolated total RNA was UV-spectroscopically quantified and kept at —80°C

until further use.
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Agarose gel electrophoresis

To determine successful isolation of intact RNA, aliquots of the RNA extracts were
mixed with gel-loading buffer and loaded on a 1% agarose gel (agarose dissolved
in 0.5% Tris/Borate/EDTA buffer (TBE)). SYBR® Safe DNA stain was added
to the gel in a concentration of 1:10 000. Gel was run at 150 V for 30 min, then the
RNA bands were visualized in UV light. Two sharp bands (representing 18S and
28S rRNA) indicate a successful preparation of intact total RNA, while degraded

RNA would have a smeared appearance [120].

Reverse transcription

For reverse transcription, the SuperScript’ II First-Strand Synthesis System was
used.

5ng total RNA, 30ng random hexamers, 1pl ANTP mix (10mM) and PCR
grade water to a total of 12 ul were mixed and incubated for 5 min at 65°C. Then
the reaction tube was put on ice for 2min and 2 pl 10x strand buffer, 2l DDT
(0.1M) and 1pl RNase OUT inhibitor were added. The mix was incubated for
2min at room temperature, before 1pl of Superscript II RT Enzyme was added.
Tubes were then incubated first for 10 min at room temperature, then for 90 min
at 42°C and finally for 15min at 70°C. 1pl RNase H was then added and the
mix was incubated for 20 min at 37°C to digest the remaining RNA template.

The thus obtained cDNA was stored at —80 °C until use.

Quantitative Real Time PCR

qPCR was conducted for IL.-6 and PTP1B as targets, actin was used as an en-
dogenous control. For IL-6 and actin, cDNA was diluted 1:10 with PCR-grade
water, for PTP1B undiluted cDNA-solution was used. qPCR was carried out in
triplicate for every gene.

A mix of 7.5l SYBR Green I Master (2x conc), 1.5 pl Primer and 4.5 ul SYBR
Green I Master H,O PCR-grade was pipetted to each well and 1.5l cDNA solu-
tion (or PCR-grade water as negative control) were added.

PCR was run according to the protocol presented in Table 6 on the facing page.
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Table 6: Protocol used for quantitative real time PCR

Target Acquisition Hold Ramp Rate
(°C) Mode (mm:ss) (°C/s)

Denaturation 95 none 10:00 4.4
Cycles: 1; Analysis mode: none
Amplification 95 none 00:05 4.4
61 none 00:05 2.2
72 single 00:15 4.4
Cycles: 60; Analysis mode: Quantification
Melt 95 none 00:05 4.4
60 none 00:10 2.2
95 continuous 0.11

Cycles: 1; Analysis mode: Melting curve (acquisistion every 5 °C)

Analysis of qPCR: The relative expression levels of PTP1B and IL-6 of cells
treated with PA+TNF were calculated using the ddCt method [121]. Actin was
used as internal control (to normalize the PCRs for the amount of RNA that
was reverse transcribed), untreated control cells (ie. cells treated with the control

solution) were used as calibrator.

2.2.5 Luciferase assay for induction of HIF-1 mediated

transcription

For luciferase assay, CHO cells were co-transfected with the reporter plasmid
pGL3-EpoHRE-Luc and pEGFP-N1 (as internal control).

Binding of hypoxia inducible factor-1 (HIF-1) to hypoxia responsive elements
(HRE) enhances transcription of the downstream genes [122]. In case of the pGL3-
EpoHRE-Luc plasmid, HIF-1 binding results in the induction of luciferase (Luc)
expression, the level of which can be measured in the luciferase reporter gene
assay. Changes in HIF-1 transcriptional activity caused by treatment of cells with
test substances (eg. by influencing the stability of HIF-1a) will lead to changes
in detected luminescence. pEGFP-N1 encodes for a variant of wild-type GFP

(green fluorescent protein). Fluorescence of transfected cells is used to determine
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transfection rate and to normalize luminescence to fluorescence for the analysis of
luciferase assay, to ensure that higher measured luminescence is caused by higher

luciferase expression per cell in contrast to higher numbers of viable cells.

Isolation of pGL3-EpoHRE-Luc plasmid

Pre-culture: 4ml sterile LB-medium containing 100 ng/ml ampicillin were in-
oculated with 1 loop of the glycerol stock of the plasmid carrying E.coli stem
and incubated at 37°C in a shaking incubator (medium speed) until cloudiness of

medium indicated good bacterial growth.

Main culture: The pre-culture was added to 200 ml of autoclaved LB-medium
containing 100 ng/ml ampicillin in a sterile Erlenmeyer flask. The culture was

incubated overnight at 37 °C in a shaking incubator (medium speed).

Plasmid isolation: From the main culture, the plasmid was isolated using the
PureYield” Plasmid Midiprep System according to the manufacturer’s instruc-

tions.

Transfection

0.5 x 10 CHO cells were seeded into each well of a 6-well plate. Plates were then
incubated at 37°C for 24 h before starting transfection.

A transfection mix of 100 pl Opti-MEM® (amount for 1 well of a 6-well plate),
plasmid DNA and Fugene® HD was prepared in a sterile reaction tube and incu-
bated at RT for 15 min. Different amounts of pEGFP plasmid and Fugene® were
used to find out the right DNA:Fugene® ratio to achieve optimal transfection
efficacy for the actual assay.

Medium from the wells where cells were to be transfected (some cells needed
as untransfected controls) was replaced with 1ml Opti-MEM®. The transfection
mix was drop by drop added to the medium. After the plates had been kept at
37°C for 4h, 1 ml of growth medium was added to each well and cells were left in

the incubator overnight.

48



2.2 Methods

Reseeding for luciferase assay

Medium was removed, cells were rinsed with prewarmed PBS and trypsinized with
I ml trypsin/EDTA per well. When cells started to detach from the bottom of
the wells, 1ml growth medium was added to each well and cell suspensions were
transferred to 15 ml centrifuge tubes, one for transfected and one for untransfected
cells.

Cell suspensions were diluted to a concentration of 600 000 cells/ml (number of
viable cells determined with a ViCell® cell counter) and 100 pl of these suspensions
(ie. 60000 cells per well) were then pipetted into each well of a 96 well plate
— the first column of the plate was seeded with untransfected (for background
measurement), the rest with transfected cells. The plates were incubated for
60 min at 37°C prior to treatment in order to allow cells to adhere to the plate.

About 1ml of each cell suspension, transfected and untransfected, were put

aside for a flow cytometric measurement of the transfection rate.

Measurement of transfection rate

Suspensions of transfected and untransfected control cells were transferred to flow
cytometry sample tubes, spun down, supernatants were discarded and cells resus-
pended in 1.5ml PBS.

Measurement was conducted with a BD FACSCalibur” flow cytometer. With
the peak of untransfected cells being at 1 to 10 arbitrary fluorescence units, cells
with an FL1-H (green fluorescence) value higher than 10 were considered as trans-
fected successfully (green fluorescence caused by expression of EGFP). The trans-

fection rate was calculated as the percentage of these cells.

Treatment

Test compounds (solved in DMSO) were diluted in growth medium to 2-times
the desired final concentration. 100l of these solutions were then added to the
wells of a 96 well plate containing the transfected cells and 100 pL. growth medium
(experiment was carried out in quadruplicate). Plates were incubated for 18 h at
37°C, 5% CO,. 0.1% DMSO (final concentration in growth medium) was used
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as negative control.
Treatment was terminated by aspiration of the medium and the 96 well plates

were immediately frozen at —80°C.

Luciferase reporter gene assay

Principle: In the luciferase assay, the chemiluminiscence caused by the oxidation
of luciferin to oxiluciferin is measured. This reaction is catalyzed by luciferase,
with ATP - Mg*" as cosubstrate [123].

Experimental procedure: Plates were taken out of the —80°C freezer and cells
were lysed by adding 50 pl luciferase lysis buffer (containing 1 mM DTT) to each
well and incubating the plates on a horizontal plate shaker for 10 min. Then 40l
of the cell lysate were transferred to a black bottom 96-well plate using a multi-
channel pipette. EGFP-derived fluorescence and luminiscence were measured with

a Tecan GENios Pro. Measurement parameters are stated in Table 7 on the next

page).

Analysis: Luminiscence values were normalized to the EGFP-derived fluores-
cence, in order to account for differences in cell number and transfection rate. The
average of the four normalized luminiscence values of each set were then compared

to the average of the normalized luminiscence values of the DMSO control.
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Table 7: Tecan GENios Pro measurement parameters for Luciferase reporter gene assay

Parameter Setting
EGFP-derived fluorescence measurement:
Measurement mode Fluorescence
Excitation wavelength 485 nm
Emission wavelength 520 nm
Gain Optimal
Number of reads 1
Integration time 1000 ps
Lag time Ops
Mirror selection 40 ms
Luminiscence measurement:

Measurement mode Luminiscence
Integration time (manual) 2000 ms
Attenuation none
Plate definition file GRE96fb
Part of the plate Al-H 12
Time between move and integration 50 ms
Well kinetic number 1

Well kinetic intervall (minimal) 2020 ms
Injector A volume 50 pl
Injector A speed 200 ul/s
Injector B volume 50 ul
Injector B speed 200l /s
Injection mode Standard
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3 Results and Discussion

3.1 PTP1B enzyme assay

3.1.1 Plant extracts

In the course of this work, fractions of extracts of various plants known to be used
for the treatment of symptoms related to T2DM in traditional Asian medicine
were tested in the PTP1B enzyme assay. The crude extracts had been tested
before and identified as active in the PTP1B enzyme assay.

Selection of plants, extraction, and fractionation were conducted by cooperation

partners at the University of Innsbruck (D. Steinmann/H. Stuppner) and Vienna
(S. Glasl).

Leonurus sibiricus fractions

The tested extract fractions of Leonurus sibiricus were obtained and provided by
the group of S. Glasl, Department of Pharmacognosy, University of Vienna.

The crude extract as well as some fractions of the leaves of Leonurus sibiricus
had been tested before in the PTP1B enzyme assay by S. Pan and showed only
low inhibitory activity (residual PTP1B activity >50%) [124]. Figure 9 on the
following page shows the results of the PTP1B assay for the fractions tested in
the course of this work, along with UA and SOV as positive controls. Fraction Ls
70a showed the strongest inhibitory activity among the tested Ls fractions, and
was able to reduce the catalytic activity of PTP1B consistently below 20 % in two
independent experiments at a final test concentration of 25pg/ml. Ls 70a was

therefore further tested in the cell-based assay.
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Figure 9: The effect of Leonurus sibiricus fractions on PTP1B activity in the PTP1B
enzyme assay (test concentration 25pg/ml). UA (30uM) and SOV (10 pM) were used
as positive controls, the DMSO control was set to 100 % enzyme activity. Samples
where mean residual PTP1B activity lay below 20 % were further tested in cell-based
experiments. n=1-2

Agrimonia pilosa fractions

In a previous screening, the crude methanol extract of Agrimoniae pilosa herba,
as well as several (sub-)fractions had shown strong (residual catalytic activity of
PTP1B of <20 %) inhibitory activity on PTP1B in the enzyme assay [113, 124].
The diagram in Figure 10 on the next page shows the residual activity of PTP1B
in the presence of the Agrimonia pilosa fractions that were tested in the course of
this work, in comparison to the positive controls UA and SOV. Several fractions
show considerable inhibitory activity, with fraction Ah 397 (5.53 % mean residual
PTP1B activity, n=2) being the most active one. For this reason, this fraction

was chosen for further testing in the cell-based assay.

Terminalia nigrovenulosa fractions

As shown in Figure 11 on page 56, presence of nearly all tested Terminalia ni-
grovenulosa fractions led to a residual PTP1B activity of below 50 % in the enzyme
assay. Fractions Tn 346, and especially Tn 422 and Tn 423 showed the highest
inhibitory activity, reducing the residual PTP1B activity to an average of 6.71 %
and below 1%, respectively. These fractions were further tested in the cell-based

assay.

o4



3.1 PTP1B enzyme assay

&

100
a0
G0
40
20
0 [ ]
© & O DD > S e D
@%o Ng c’0‘\ S I O B I O
Q S O I S S R S

8%

% residual PTP1B activity

Figure 10: The effect of Agrimonia herba pilosa fractions on PTP1B activity in the
PTP1B enzyme assay (test concentration 10 pg/ml). UA (30 pM) and SOV (10 pM) were
used as positive controls, the DMSO control was set to 100 % enzyme activity. Samples
where mean residual PTP1B activity lay below 8 % were further tested in cell-based
experiments. n=2—4

Extracts of other Terminalia species

Figure 12 on page 57 shows a diagram with the remaining tested fractions, derived
from extracts of Terminalia bellirica, T. calamansanai, and T. citrina. Extracts
Tb 315 (T. bellirica) and Tci 313 (T. citrina) were further tested in the cell-based

assay.

Summary of testing of plant extracts in the PTP1B assay

Of the 38 plant extracts tested in the PTP1B assay, only 3 (Ls 100a, Ls 100b, and
Ah 392) showed no or very little activity (residual PTP1B activity >90 %), 12
(Ls 10a, Ls 10b, Ls 30a, Ls 30b, Ls 50a, Ls 50b, Ls 70b, Ah 336, Ah 386, Ah 393,
Tn 349, and Tn 350) showed low inhibitory activity (residual PTP1B activity
>50 %, but <90 %), and 6 extracts (Ah 394, Ah 400, Tn 343, Tn 344, Tn 348 and
Tci 309) showed moderate inhibitory activity (residual PTP1B activity >20 %,
but <50 %).

The remaining 17 fractions (Ls 70a, Ah 382, Ah 395, Ah 396, Ah 397, Ah 398,
Ah 399, Tn 311, Tn 319, Tn 345, Tn 346, Tn 347, Tn 422, Tn 423, Th 315, Tca 317,
and Tci 313) showed high inhibitory activity (residual PTP1B activity <20 %).
7 of these extracts were able to reduce PTP1B activity below the cut-off of 20 %

95



3 Results and Discussion

S

100
80

40

8%

—

% residual PTP1B activity
=]

- i
) N T S S S IR T S S-S Y, AN
& N T I I S S i A S T AR
Q SR U PR S U U U P

Figure 11: The effect of Terminalia nigrovenulosa fractions on PTP1B activity in the
PTP1B enzyme assay (test concentration 10 pg/ml). UA (30 pM) and SOV (10 pM) were
used as positive controls, the DMSO control was set to 100 % enzyme activity. Samples
where mean residual PTP1B activity lay below 8% were further tested in cell-based
experiments. n=2

or 8% (for Leonurus sibiricus fractions and extracts provided by D. Steinmann,
respectively) in their respective test concentration, and were therefore further
tested in the cell based system: Ls 70a, Ah 397, Tn 346, Tn 422, Tn 423, Th 315,
Tci 313.

3.1.2 Fatty acids

D. Steinmann et al. have identified oleic acid as the major PTP1B inhibitor in the
bark of Phellodendron amurense (Phellodendri amurensis cortex) [80], a drug used
in traditional chinese medicine among others against diabetes related symptoms
[65]. Extracts of Phellodendri amurensis cortex have been shown to lower blood
glucose levels in animal experiments, however, the active principle or mechanism
of action were not identified [125].

During the course of this work several common C18 fatty acids with different
numbers, locations and configurations of double bonds were tested for their in
vitro PTP1B inhibitory activity at 1 pM, 3pM, 10 M and 30 pM to investigate
the relationship between the structure and the PTP1B inhibitory activity of these
fatty acids. From the measured residual PTP1B activity, IC50 values for these
fatty acids were calculated (see Table 8 on page 58). Stearic acid, the fully satu-
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Figure 12: The effect of extracts of several Terminalia species on PTP1B activity in
the PTP1B enzyme assay (test concentration 10 pg/ml). UA (30 pM) and SOV (10 pM)
were used as positive controls, the DMSO control was set to 100 % enzyme activity.
Samples where mean residual PTP1B activity lay below 8 % were further tested in
cell-based experiments. n=2-4

rated C18 fatty acid, showed the highest inhibitory activity, with an IC50 value
of 2.3pM. For the two (Z)-monounsaturated C18 fatty acids petroselinic acid
and oleic acid, the same IC50 value of 6.2 1M was measured, the bis-unsaturated
linoleic acid showed activity in the same range with an IC50 of 6.4puM. The
tri-unsaturated linolenic acid and the (F)-monounsaturated vaccenic acid showed
lower activity with IC50 values of 9.7 uM and 10.2 pM, respectively.

To sum it up, a higher number in double bonds seems to lead to a slightly de-
creased PTP1B inhibitory activity in C18 fatty acids, with (£)-configured double
bonds impairing activity more strongly than (Z)-configured double bonds.
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Table 8: Tested fatty acids, nomenclature and their IC 50 values concerning PTP1B
inhibition (n=3).

Fatty acid (common name)  Nomenclature IC50 value (M)
Stearic acid Octadecanoic acid 2.3
Petroselinic acid (6Z)-Octadec-6-enoic acid 6.2
Oleic acid (9Z)-Octadec-9-enoic acid 6.2
Vaccenic acid (11E)-Octadec-11-enoic acid 10.2
Linoleic acid (9Z,127)-Octadecadienoic 6.4
acid
a-Linolenic acid (92,127,157)- 9.7

Octadecatrienoic acid

3.2 Cell-based experiments related to PTP1B

inhibition /insulin resistance

3.2.1 Establishment of the cell-based assay
Determination of a suitable insulin concentration

To determine which insulin concentration should be used for further experiments,
serum-starved C2C12 cells were pretreated with 5puM SOV and then incubated
with different insulin concentrations for 5 min.

As shown in Figure 13 on the next page, IR phosphorylation as well as the phos-
phorylation levels of Akt, ERK1/2 and GSK3B, proteins further downstream in the
insulin signalling pathway, gradually increase between 0 nM to 1000 nM. 100nM
was chosen as the concentration to be used for further cell-based experiments,
because IR phosphorylation was easily detectable, but not yet at a maximum,
making it possible to see increases in phosphorylation that might be caused by

the test extracts.

Determination of a suitable stimulation time with insulin

To determine the incubation time that should be used for further experiments,

a kinetic experiment was conducted. Serum-starved C2C12 cells were pretreated
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Figure 13: Western blot analysis of the phosphorylation level of IR (Tyr1150/1151)
Akt (Serd73), ERK (Thr202, Tyr204) and GSK3B (Ser9) in C2C12 myotubes after
stimulation with insulin in several concentrations. Incubation time: 5min. B-Tubulin
was used as loading control. All depicted bands originate from the same membrane.

with 5M SOV and then stimulated with 100 nM insulin for 0 min to 60 min.

As shown in Figure 14 on the following page, both IR and Akt phosphorylation
reach a maximum at 10 min, whereas GSK3p and ERK phosphorylation further
increases until 30 min and 45 min, respectively. As the phosphorylation of IR and
Akt was to be used as indicators for the potential PTP1B inhibitory activity of
the test extracts, 5min was chosen as the stimulation time for further experi-
ments — at this point, the phosphorylation maximum is not yet reached, and more

importantly, decline in phosphorylation has not yet started.

3.2.2 Cell-based assays of plant extracts

Extracts that resulted in a residual activity lower than 8 % (extracts provided by
D. Steinmann) or 20 % (Leonurus sibiricus fractions) in their respective final test
concentrations (ie. 25 pg/ml for Leonurus sibiricus fractions, and 10 pg/ml for all
other extracts) in the PTP1B enzyme assay, were further tested in the cell based
system using fully differentiated C2C12 muscle cells. After incubation with the

extracts and (if applicable) insulin stimulation, cells were lysed, lysates separated
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Incubation (min)

Figure 14: Western blot analysis of the time course of IR (Tyr1150/1151)-
Akt (Serd73)-, ERK (Thr202/Tyr204)- and GSK3p (Ser9)-phosphorylation in C2C12
myotubes in the presence of insulin (100nM). B-Tubulin was used as loading control.
All depicted bands originate from the same membrane.

by SDS-PAGE and proteins electrophoretically transferred on PVDF membranes,
where they were detected with specific antibodies.

PTP1B inhibits insulin signal transduction by dephosphorylating the IR and
its primary substrates, the IRS [44]. In cells treated with a PTP1B inhibitor,
increased IR and Akt phosphorylation compared to control cells can be detected.
This effect can be independent of or additive to insulin stimulation.

It should be noted here that in the used experimental setting, it is not possible
to verify if any changes in IR and Akt phosphorylation can indeed be attributed
solely to modulation of PTP1B.

Leonurus sibiricus fraction Ls 70a

Extract Ls 70a reduced PTP1B activity to an average of 17.75% at a concen-
tration of 25 pug/ml in the enzyme assay (see Figure 9 on page 54). At the same
concentration, treatment of differentiated C2C12 cells with Ls 70a resulted in an
reproducibly increased IR and Akt phosphorylation in the cell-based assay (see
representative blot Figure 15 on the facing page).

Using a higher concentration of extract Ls 70a for the assay did not result in
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Figure 15: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with 25pg/ml of extract Ls 70a.
B-Tubulin was used as loading control. All depicted bands originate from the same
membrane.

an higher increase of IR and Akt phosphorylation, as might be expected assuming
a dose-dependent effect of the active principle of the extract, but instead led to
decreased phosphorylation levels of both proteins compared to the DMSO-treated
control cells (see Figure 16). This suggests that higher concentrations of Ls 70a

impair insulin signalling or protein phosphorylation in general.

C Ls70a

Insulin

| [ | R
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pAkt
Figure 16: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd75)-
phosphorylation in C2C12 myotubes after treatment with 63 pg/ml of extract Ls 70a.
B-Tubulin was used as loading control. All depicted bands originate from the same
membrane.

Tubulin
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Agrimonia pilosa fraction Ah 397

As shown in Figure 10 on page 55 extract Ah 397 was able to reduce PTP1B
activity to an average residual activity of 5.53% in the PTP1B enzyme assay
at a final concentration of 10 pg/ml. The representative western blot in Figure
17 shows the effects of cell treatment with Ah 397 at the same concentration
compared to cells treated with corresponding amounts of DMSO. As can be seen,
the phosphorylation level of IR and Akt of Ah 397 treated cells, both with and
without insulin stimulation, is — if at all — only very slightly different compared to
the control cells. When tested in a concentration of 30 pg/ml; Ah 397 treatment
even showed a light decrease in IR and Akt phosphorylation (data not shown).
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Figure 17: Western blot analysis of IR (Tyrll50/1151)- and Akt (Serd73)-
phosphorylation in C2C12 cells after treatment with extract Ah 397 (test concentration:
10 pg/ml). B-Tubulin was used as loading control. All depicted bands originate from
the same membrane.

Terminalia nigrovenulosa fractions Tn 346, Tn 422 and Tn 423

In the PTP1B enzyme assay, extract Tn 346 reduced PTP1B activity to an av-
erage of 6.71 %, and extracts Tn 422 and Tn 423 almost completely inhibited
PTPI1B (residual activity <1 %) at a concentration of 10 ng/ml (see Figure 11 on
page 56). However, all three of the extracts reproducibly (n=2) impaired IR and
Akt phosphorylation at a concentration of 10 pg/ml in the cell-based assay (for
representative blots see Figures 18, 19, and 20).
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Figure 18: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with extract Tn 346 (test concen-
tration: 10 pg/ml). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

Terminalia bellirica fraction Tb 315

At a concentration of 10pg/ml extract Th 315 reduced PTP1B activity to an
average of 2.84 % in the enzyme assay (see Figure 12 on page 57). The results in the
cell-based assay are somewhat contradictory: while in one of two experiments at a
concentration of 10 pg/ml an increase in Akt phosphorylation, but a decrease in IR
phosphorylation could be seen (data not shown), both IR and Akt phosphorylation
were left unchanged in the other experiment and when cells were treated with

30pg/ml Tbh 315 (n=2, see representative western blot Figure 21 on page 66).

Terminalia citrina fraction Tci 313

Tci 313 reduced PTP1B activity to an average of 4.20% at a concentration of
10 pg/ml in the PTP1B enzyme assay (see Figure 12 on page 57). However, treat-
ment of C2C12 cells with Tci 313 in the same concentration showed no effects
on IR and Akt phosphorylation in the cell-based assay (data not shown), whereas
treatment with 30 pg/ml Tci 313 seems to negatively affect insulin signalling, lead-
ing to a decrease in IR and Akt phosphorylation (see representative blot Figure 22
on page 67).
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Figure 19: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with extract Tn 422 (test concen-
tration: 10 pg/ml). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.
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Summary of cell-based assays of the plant extracts

Of all the extracts tested in the cell-based system, only treatment with Ls 70a at
a concentration of 25ug/mL resulted in increased IR and Akt phosphorylation,
possibly due to inhibition of PTP1B. Higher concentrations of Ls 70a (63 pg/mL),
as well as treatment of cells with extracts Tn 346, Tn 422, and Tn 423 (test
concentration: 10pug/mL) resulted in lower phosphorylation levels of IR and Akt
compared to the DMSO control. After treatment of differentiated C2C12 cells
with 10 pg/mL of extracts Ah 397, Tb 315, and Teci 313, no differences in IR or
Akt phosphorylation could be detected, whereas treatment with 30 pg/mL Ah 397
and Teci 313 led to lower phosphorylation levels compared to control cells.

A reason why extracts that showed high PTP1B inhibitory activity in the en-
zyme assay were not able to enhance insulin signalling in the cell based system
might be that the active principle could not permeate the cell membrane of the
C2C12 myotubes. Many known PTP1B inhibitors are highly charged and there-
fore have very low membrane permeability and in consequence low bioavailability
[36]. It is also conceivable that the active principle is inactivated before it reaches
the place of action or that the extract influences the cells in some other way (for
example by impairing protein phosphorylation) that reduces or even outweighs
any positive effect on insulin signalling possibly induced by PTP1B inhibition —

it seems likely that these effects are more pronounced in higher concentrations.
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Figure 20: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with extract Tn 423 (test concen-
tration: 10 pg/ml). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

3.2.3 Insulin resistance model

In obesity, plasma levels of free fatty acids and inflammatory cytokines such as
TNF-a are often elevated. Both of these factors have been found to contribute to
impaired skeletal muscle insulin sensitivity in (pre-)diabetes, and various under-
lying mechanisms have been suggested (reviewed in [126]). Among other things,
decreased tyrosine phosphorylation of IR and IRS-1 have been observed in insulin
resistant states and obesity, along with increased expression and/or activity of
PTPs, including PTP1B (summarized in [127])

Parvaneh et al. were able to show in an in vitro experiment that palmitate
treatment results in higher PTP1B expression in C2C12 cells. Co-culture with
macrophages to simulate inflammation along with palmitate treatment additively
induced PTP1B overexpression [127].

For the treatment of T2DM not only direct inhibition of PTP1B is a promising
strategy, but also prevention of PTP1B overexpression might be a way to overcome
insulin resistance.

In order to develop the experimental setup to test compounds or extracts for
their potential to reduce induction of PTP1B expression and subsequent insulin
resistance, the first step was to try to show induction of PTP1B expression on
protein and/or mRNA level after incubation of C2C12 cells with palmitic acid
alone or together with the inflammatory cytokine TNFa. In addition, insulin

responsiveness of these cells was to be examined.
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Figure 21: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with extract Tb 315 (test concen-
tration: 30 pg/ml). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

Results on protein level

Figure 23 shows a representative western blot of C2C12 cells treated with PA
alone or together with TNFa for 21 h. One well of each group was stimulated
with 100 nM insulin for 5min at the end of the incubation time.

As can be seen, IR and Akt phosphorylation after insulin stimulation was con-
siderably decreased in cells treated with PA compared to untreated control cells,
and in cells treated with PA and TNFa compared to both control and PA only
treated cells. However, detected PTP1B protein levels in all groups were the
same, excluding differences of total PTP1B protein content as the reason for the
obviously induced insulin resistance.

As also shown in Figure 23, the phosphorylation level of ERK, a downstream
protein of the insulin signalling cascade [21], is higher in PA and PA/TNFa treated
cells compared to control cells, both with and without addition of insulin to the
media. This is consistent with the previous findings from cell culture experiments
that TNFa and palmitate cause increased ERK 1/2 activity basally as well as
following insulin stimulation [128, 129]. Also, ERK was shown to be more active
in insulin resistant than in non-insulin resistant obese people [130]. This indi-
cates that insulin resistance predominantly affects the metabolic rather than the

mitogenic insulin signalling pathway.
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Figure 22: Western blot analysis of IR (Tyrl1150/1151)- and Akt (Serd73)-
phosphorylation in C2C12 myotubes after treatment with extract Tci 313 (test concen-
tration: 30 pg/ml). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

As shown in Figure 24, treatment with PA led to a decrease of IkB protein levels,
and combination of PA and TNFa further enhanced this effect. Lower IkB protein
levels coincided with increased ERK phosphorylation (Figure 23 on the following
page). This is consistent with data from Green et al., who found that exposure
of skeletal muscle cells to palmitate induces NFkB signalling in a ERK-dependent
manner: activation of IKK, which phosphorylates IkB, resulting in degradation
of IkB and activation of NFkB, was found to be dependent on activation of ERK
[131].

Results on mRNA level

To measure PTP1B mRNA levels, C2C12 cells were grown in 10 cm dishes, and,
when fully differentiated, treated with PA and TNFa for 21 h. Cells were then
lysed, total RNA was isolated and qPCR was conducted. mRNA levels of PTP1B
and IL-6 were measured, using actin as endogenous control. Analysis was carried
out using the ddCt method, mRNA levels from cells treated with the control
solution were used as calibrator to calculate the relative expression levels of PTP1B
and IL-6 of the PA+TNFa cells.

As shown in Figure 25 on page 69, incubation with PA and TNF resulted in
an about 1.4 fold induction of PTP1B mRNA levels and in a 2.2 fold induction

of IL-6 mRNA levels compared to control cells. IL-6 is an inflammatory cytokine
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Figure 23: Western blot analysis after 21 h treatment of C2C12 cells with 0.75 mM
palmitic acid alone (PA) or combined with 10 ng/mL TNFa (PAT) — with (4) or without
(—) insulin stimulation (100 nM for 5min)- of IR (Tyr1150/1151)-, Akt (Ser473)-, and
ERK (Thr202/Tyr204)-phosphorylation, and PTP1B expression compared to untreated
control cells (C). B-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

that has been shown to be induced in muscle cells by treatment with TNFa or
palmitate [132, 133].

Due to lack of time, this experiment was only carried out once in the course of
this work, so the presented results can only be considered as preliminary. However,
they suggest that it is possible to show the effect of fatty acids and inflammatory
factors observed previously by other groups [127] in the experimental setting used,
and it might be possible to adapt it in order to test promising compounds/extracts
for their ability to inhibit induction of PTP1B expression and inflammation by

free fatty acids.

A question that remains to be solved is why no increase in PTP1B protein levels
could be detected, although there was an increase of mRNA levels. A possible
explanation is that it might be necessary to have a look at protein expression at a
later time point than after 21 h, because it takes more time for the mRNA to be
translated into the protein. Another thinkable reason is that PTP1B protein might
be degraded at the same rate as newly synthesised. Moreover, insulin resistance

may not necessarily be caused by an alteration of total PTP1B levels but by
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Figure 24: Western blot analysis after 21 h treatment of C2C12 cells with 0.75 mM
palmitic acid alone (PA) or combined with 10 ng/mL TNFa (PAT) — with (4) or without
(—) insulin stimulation (100nM for 5min) — of IkB expression compared to untreated
control cells (C). p-Tubulin was used as loading control. All depicted bands originate
from the same membrane.

an altered cellular localization of PTP1B. This could lead to different substrate
specificity, as PTP1B is usually targeted to the ER membrane [43]. Nonetheless,
this does not explain why an increased mRNA level is not reflected by an increased
protein level. Interestingly, Stull et al. observed the same discrepancy in their
study of PTP1B expression and protein content in the skeletal muscle of African
American diabetics: They found PTP1B mRNA expression in the skeletal muscle
of diabetics to be increased compared to non-diabetic control subjects, but did
not observe any significant differences in PTP1B protein abundance between the

two groups [24].
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Figure 25: qPCR analysis after 21 h treatment of C2C12 myotubes with 0.75 mM
palmitic acid and 10 ng/ml TNF a (PA+TNF) of the mRNA levels of PTP1B and IL-6
compared to untreated control cells (Control). Actin was used as internal control.
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3.3 Cell-based experiments related to HIF-1

activation

3.3.1 Optimisation of transfection parameters

A test using different amounts and ratios of pEGFP-N1 plasmid and Fugene® to
transfect CHO cells showed that higher amounts of plasmid DNA and Fugene®
resulted in a higher transfection rate (see Figure 26). The best transfection rates
were achieved using a transfection mix of 100l OptiMEM®), 2 g plasmid DNA
(pEGFP-N1) and 6 or 8l Fugene®, resulting in up to 80 % transfected cells.
For the experiment conducted in the course of this work, cells were transfected
using 2 pg plasmid DNA (1.5 pg pGl3-EpoHRE-Luc and 0.5 pg pEGFP-N1) with
811l Fugene®. However, as with the use of only 611l Fugene® similar results can
be expected (see above), this amount should be used for future experiments in

order to save Fugene® reagent.
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Figure 26: Flow cytometric analysis of transfection efficiency as a function of amounts
of plasmid DNA and Fugene® present in the transfection mix. CHO cells with an FL1-
H value >10 were considered as transfected successfully. Untransfected cells were used
as control.

3.3.2 Luciferase assay

As shown in Figure 27, from the selected test compounds only piperine could

dose-dependently induce HIF-1-dependent luciferase expression, whereas gingerol,
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Figure 27: Luciferase reporter gene analysis of the influence of gingerol (3puM and
10 pM), piperine (20pM and 50 pM), RTA (0.03pM and 0.1 M), and IM (0.03 pM
and 0.1pM) on HIF mediated signalling. CoCl, (100pM and 200 pM) was used as
positive control. Respective luminescence values (RLU) were divided by EGFP-derived
fluorescence values (RFU). The 0.1 % DMSO control was set to 1.

RTA, and IM failed to induce a marked increase in luciferase expression. Of note,
also CoCl,, reported in the literature as positive control when activating HIF-1a,
was not able to induce HIF-1-dependent expression in our setting.

Further work is required to establish a reliable screening assay for HIF-1 acti-
vators under normoxic conditions. Especially, a properly working positive control

is highly needed for this purpose.
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In the course of this work, 38 fractions of extracts of 6 plants were tested for
their PTP1B inhibitory activity in a colorimetric enzyme assay. Plants were se-
lected based on their traditional use in Asia against diabetes related symptoms
and subjected to bioassay-guided fractionation by cooperation partners at the De-
partments of Pharmacognosy at the Universities of Innsbruck and Vienna. Sev-
eral fractions showed considerable activity, and the most active ones were further
tested for their potential to enhance insulin signalling in a cell based system using
C2C12 myotubes. Of those 7 extracts, only Ls 70a was indeed able to induce
higher IR and Akt phosphorylation, in the presence and absence of insulin. How-
ever, whether or not this insulin-mimetic or -sensitizing effect is caused by PTP1B
inhibition needs further investigation in a different experimental setting. Never-
theless, Ls 70a seems to be a promising source for the isolation of a modulator of
the insulin response.

The other tested extracts, although potent inhibitors in the PTP1B enzyme
assay, where not able to improve insulin response in the cell-based systems. This
might be due to insufficient membrane permeability, a well known problem with
PTP1B inhibitors, which are often very hydrophilic [36]. Nonetheless, further
fractionation of the extracts found to be active in the PTP1B enzyme assay might
be worthwhile, because inactivity in the cell based assay might also be caused
by concurrent negative effects on insulin signalling or protein phosphorylation,
along with potential PTP1B inhibition by multiple compounds still present in the
fractions.

The testing of the common C18 fatty acids stearic acid, petroselinic acid, oleic
acid, vaccenic acid, linoleic acid, and linolenic acid in the PTP1B assay and the cal-
culation of their respective IC50 values revealed a structure-response relationship

in respect of PTP1B inhibition: Higher numbers of double bonds in fatty acids
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of the same length seem to cause lower PTP1B inhibitory activity, with (E)-
configured double bonds impairing activity more strongly than (Z)-configured
double bonds. This knowledge might be helpful in the design of novel PTP1B
inhibitors with fatty acid-like structure that may overcome the just membrane
permeability problem. This part of my diploma thesis was successfully included
in a recent publication [80].

Not only direct inhibition of PTP1B, but also the inhibition of PTP1B induction
might be a valid strategy to prevent or overcome insulin resistance. It was therefore
tried to establish an experimental set-up to simulate the insulin resistance state
caused by free fatty acids and inflammation in skeletal muscle in vitro. After
treatment of C2C12 cells with palmitate alone or in combination with TNFa, it
was indeed possible to detect a decrease in phosphorylation of the IR and Akt,
as well as an increase of PTP1B mRNA. Moreover, ERK phosphorylation was
increased and a decrease of IkB protein levels was found. Whether there are
substances that can prevent the induction of insulin resistance by free fatty acids
and inflammation remains to be investigated — the experimental set-up used here
seems to be suitable for this purpose.

Some progress has been made in the attempt to establish a screening assay for
HIF-1 activators under normoxic conditions. CHO cells were transfected suc-
cessfully with the pGl3-EpoHRE-Luc and the pEGFP-N1 plasmid, and dose-
dependent induction of HIF-la-dependent luciferase expression could be shown
for piperine, one of the selected test compounds. However, CoCl,, reported in the
literature to stabilize HIF-1a, did not induce luciferase expression in our setting,

calling for further thorough optimization and validation of the assay.
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ADP Adenosine diphosphate

Ah Fraction of Agrimonia pilosa herba extract

Akt =PKB

ARNT Aryl hydrocarbon Receptor Nuclear Translocator
ATP Adenosine triphosphate

BSA Bovine Serum Albumine

cDNA Complementary DNA

CHO Chinese Hamster Ovary

Cys Cysteine

DM Diabetes mellitus

DMSO Dimethyl sulfoxide

DTT Dithiothreitol

ECL Enhanced Chemiluminiscence

EDTA Ethylenediaminetetraacetic acid

EGFP Enhanced Green Fluorescent Protein

ERK1/2 Extracellular signal-regulated Kinases 1/2, =MAPK1
FFA free fatty acids

FIH-1 Factor Inhibiting HIF-1

FOX Forkhead box

GFP Green Fluorescent Protein
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GLUT4 Glucose Transporter Type 4

Grb2 Growth factor receptor-bound protein 2
GSK3 Glycogen Synthase Kinase-3

GSK3p B-isoform of GSK

HbAlc glycated hemoglobin

HFSD High Fat/Sucrose Diet

HIF Hypoxia Inducible Factor

HRE Hypoxia responsive element

HRP Horse radish perxidase

HSP90 90 kDa Heat shock protein

IxB Inhibitor of kappa B

IGF-1 Insulin-like growth factor 1

IKK IxB kinase

1L-6 Interleukin 6

IR Insulin Receptor

IRS Insulin Receptor Substrate

JAK Janus kinase

LB Lysogeny broth

Ls Leonurus sibiricus fraction

MAPK Mitogen Activated Protein Kinase
MOPS 3-(N-morpholino)propanesulfonic acid
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mTOR
PA
pAkt
PBS
PCR
pGSK3p
PHD
PI3K
pIR
PKB
PKC
pNPP
PTP
PTP1B
pTyr
PVDF
qPCR
RACK1
RFU
RIPA

RLU

mammalian target of rapamycin
Palmitic acid

phosphorylated Akt

Phosphate Buffered Saline
Polymerase Chain Reaction
phosphorylated GSK3p

Prolyl Hydroxylase Domain protein
Phosphoinositide-3-kinase
phosphorylated Insulin Receptor
Protein Kinase B

Protein kinase C
para-Nitrophenylphosphate

Protein Tyrosine Phosphatase
Protein Tyrosine Phosphatase 1B
phospho-Tyrosine

Polyvinylidene fluoride
Quantitative real time PCR
Receptor of activated protein kinase C
Relative Fluorescence Unit
Radioimmunoprecipitation assay

Relative Light Unit
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RT Room Temperature

SDS Sodium dodecyl sulfate

SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis
SOS Son of Sevenless

SOV Sodium orthovanadate

STAT Signal Transducer and Activator of Transcription protein
T2DM Type 2 Diabetes mellitus

Tb Terminalia bellirica fraction

TBE Tris/Borate/EDTA

TBS-T Tris Buffered Saline - Tween 20

Tci Terminalia citrina fraction

TCM Traditional Chinese Medicine

Tn Terminalia nigrovenulosa fraction

TNFa Tumor Necrosis Factor a

UA Ursolic acid

VHL Von Hippel-Lindau protein
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