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Wissenschaft —

Einem ist sie die hohe, die himmlische Goéttin,

dem Andern eine tiichtige Kuh, die ihn mit Butter versorgt.

(Friedrich Schiller)
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Zusammenfassung

ZUSAMMENFASSUNG

Der Begriff anabole Wirkstoffe umfasst alle anabolen androgenen Steroide (AAS) und andere
anabole Wirkstoffe. Diese Substanzen werden wegen ihrer anabolen Wirkung eingenommen,
welche einen Zuwachs an Muskelmasse, eine Reduzierung der Fettmasse, eine positive
Stickstoffbilanz und eine allgemeine Leistungssteigerung bewirken soll.

AAS finden im Leistungssport Anwendung, wobei die Einnahme im Profisport illegal ist und
geahndet wird. Bei Lebensmittel liefernden Tieren ist der Einsatz anaboler Substanzen in
Liandern wie den USA und Kanada legal, in der EU jedoch verboten. Anabole androgene
Substanzen finden auch in der medizinischen Therapie ihren Platz. Hier werden sie
iiberwiegend fiir die Behandlung von Osteoporose bei Frauen und Hypogonadismus beim
Mann eingesetzt. Eine Behandlung mit anabolen Stoffen hat meist auch Nebenwirkungen zur
Folge, weshalb neue Substanzen, so genannte SARM (selective androgen receptor
modulators) entwickelt wurden. Diese Substanzen sollen dieselbe anabole Wirkung wie das
Androgen Testosteron aufweisen, jedoch geringere Nebeneffekte zeigen.

Verschiedenste Methoden um anabole Wirkstoffe nachzuweisen wurden entwickelt, meist
basierend auf Massenspektrometrie, welche die direkte Analyse des Wirkstoffes erlaubt. Es ist
allerdings auch bekannt, dass anabole Wirkstoffe bereits die mRNA Expression in der Zelle
beeinflussen kdnnen, weshalb die Wirkung dieser Stoffe mittels mRNA-Expressionsanalysen
messbar sein sollte.

Konkrete Zielsetzung dieser Arbeit war es festzustellen, ob AAS mit Hilfe von Gen-
Expressionsanalysen in verschiedenen Geweben und Spezies nachzuweisen sind. Durch die
Identifizierung von Biomarkern, gemessen mittels qRT-PCR sollte die Entwicklung eines
Expressionsmusters, speziell fiir AAS moglich sein. Ebenso sollten die physiologischen
Auswirkungen der Substanzen im Organismus, hervorgerufen durch die anabolen Stoffe
aufgezeigt werden. Dafiir wurden verschiedene Gewebe, welche alle direkt oder indirekt unter
dem Einfluss von anabolen androgenen Stoffen stehen, wie etwa der Uterus, die Leber,
Muskeln und Haarfollikel analysiert und nach moglichen Biomarkern und physiologischen
Signalwegen geforscht. Die Zielgene wurden in funktionelle Gruppen eingeteilt, um spéter die
Identifizierung metabolischer Veridnderung zu erleichtern.

Erste Stoffwechselwege, welche hauptséichlich unter dem Einfluss von anabolen Wirkstoffen
zu stehen scheinen, konnten identifiziert werden. Gene des extrinischen Apoptosesignalweges
zeigten signifikante Regulationen in allen Geweben und Spezies. Weiter konnte immer auch

die Expression der Steroid-Rezeptoren und Enzyme des Energiestoffwechsels unter dem
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Zusammenfassung

Einfluss von anabolen Substanzen nachgewiesen werden. Somit war eine Identifizierung
erster gewebespezifischer Biomarker moglich, welche wiederum fiir die Entwicklung eines
AAS spezifischen Gen-Expressionsmusters verwendet werden konnen. Gewebe wie der
Uterus, die unter direktem Hormoneinfluss stehen, zeigten sehr hohe Regulationen. Deshalb
werden primdre Sexualorgane, wie etwa die Hoden oder der Uterus, aber auch Blut fiir
weitere Versuche empfohlen.

Da es sich bei allen Projekten um Erstversuche handelte, werden weitere Studien nétig sein,
um Stoffwechselkaskaden zu identifizieren und weitere Biomarker zu finden, um ein Gen-
Expressionsmuster zu vervollstdndigen. Somit konnten erste Schritte in Richtung einer neuen
Nachweismethode fiir anabole androgene Substanzen gemacht werden, welche zukiinftig bei

der Aufdeckung von Missbrauchsfillen mit AAS helfen konnte.
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Abstract

ABSTRACT

Anabolic agents are defined as anabolic androgenic substances (AAS) and other anabolic
substances. Anabolic agents increase muscle mass, reduce total body fat and induce a positive
nitrogen balance, which should result in higher performance.

The use of AAS in competitive sports exists but is illegal. In animal husbandry the application
of AAS is legal in the USA and Canada but forbidden in the EU. Also in medical therapies
anabolic agents are applied, for example in order to treat osteoporosis in women or
hypogonadism in men. Here only the positive effects of the agents are desirable, such as
muscle development and an increase in bone density. Unfortunately, the intake of anabolic
hormones also includes negative side effects. Therefore special substances called SARM
(selective androgen receptor modulators) were developed. SARM should have the ability to
mimic the anabolic effects of testosterone with lower negative side effects of the natural
hormone.

Various residue analyses for anabolic substances exist and most of them are based on mass
spectrometry, which directly analyse the drug. It is also known that AAS can influence
mRNA expression. This should make it possible to measure the influence of these substances
via gene expression analysis. Taking these substance specific gene expressions the
development of a new screening method should be possible.

The aim of this thesis was to proof the possibility to detect AAS treatment via mRNA
expression analysis in different tissues and species. With the identification of so-called
biomarkers for anabolic agents using qRT-PCR, a gene expression pattern for AAS should be
established. The identified gene regulations could also be used to show up metabolic
pathways, influenced by the AAS. Therefore various androgen dependent tissues like the
uterus, liver, muscle and hair were analysed, to find such biomarkers as well as signalling
pathways of the steroids. All target genes were separated into functional groups to facilitate
the identification of metabolic influences.

First effects of AAS treatment on metabolic pathways could be analysed. Target genes of the
extrinsic apoptosis pathway were significantly regulated in all tissues and species.
Additionally the expression of the steroid receptors and factors of the energy metabolism
appeared to play an important role in the signalling cascades.

First tissue specific biomarkers could be detected which could be taken to establish a tissue

specific screening pattern for anabolic agents.
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Abstract

Tissues, such as the uterus, that are directly influenced by anabolic agents showed very high
gene expression regulations. It is supposed that especially these primary sexual organs, e.g.
testes or uterus but also blood would be very promising for further biomarker analysis.

The studies showed that AAS provoke very specific signalling pathways and therefore also
biomarkers for these substances can be identified. To develop an AAS screening pattern
further experiments are necessary to find more biomarkers and to complete the signal
cascades of the identified metabolic pathways. Anyhow, first steps toward a new screening
method for anabolic agents could be done, that could help to uncover abuses of anabolic

agents in the future.
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Introduction

1. INTRODUCTION

1.1 Anabolic agents

The term “anabolic agents” includes anabolic androgenic steroids (AAS) and other anabolic

agents. All these substances have anabolic effects, resulting in the following:

e Increase in muscle mass
e Decrease in total body fat
e Enhancement of protein accretion = positive nitrogen balance

e Increase in calcium intake of the bone = positive bone density

Anabolic androgenic steroids

Anabolic androgenic steroids include exogenous and endogenous AAS. Exogenous AAS are
not produced by the body naturally and are xenobiotic testosterone analogs, for example
stanozolol and metandienone. Endogenous AAS are androgens that are naturally synthesised
by the organism, such as testosterone, dihydrotestosterone and 19-nortestosterone
(nandrolone). They become prohibited substances when the value found in a sample is

unlikely to be consistent with normal endogenous production [ 1, 2].

OH

Testosterone

OH

O 19-Nortestosterone
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Stanozolol

Figure 1: Testosterone, 19-norstestosterone and the xenobiotic androgen stanozolol.

Testosterone is synthesised from cholesterol and is the most important male sexual hormone.
It is mainly produced in the testes and regulates essential functions such as muscle protein
metabolism, sexual functions and characteristics, plasma lipid levels and bone metabolism. In
females it is also produced in the ovary and the adrenal gland but plays an inferior role. [3].
19-Norstestosterone (nandrolone; 17p-hydroxy-A4-estren-3-one) is also an endogenous
hormone and compared to Sa-dihydrotestosterone it has a binding affinity of 75% to the
androgen receptor. It is known as a performance enhancing substance that increases muscle
strength and mass and speeds up recovery. Like testosterone it is hardly orally active and has
to be injected into the muscle in form of its ester, called nandrolone decanoate. [4, 5].
Stanozolol (17B-hydroxy-17a-methyl-5a-androst-2-eno[3,2c]pyrazol) is synthesised starting
with oxymetholone, which was first done in 1959, and it is active orally. It shows comparable

anabolic effects like testosterone [6].

Other anabolic substances

Trenbolone acetate (TBA) is active after hydrolysis to trenbolone-17beta, a 19-norsteroid. It
also acts as an anabolic agent and anti-glucocorticoid and provokes the synthesis of
myofibrillar proteins in muscle. Trenbolone binds to the androgen receptor with a higher
affinity than dihydrotestosterone, to the progestin receptor and even to the glucocorticoid
receptor. It is applied as trenbolone acetate in animal husbandry to induce growth [7, 8, 9].
Zeranol has the same effects as estrogen and is derived from the mycotoxin zearalenone. It
provokes a higher absorption rate on the regular nutrition level in heifers and improves
growth rates in cattle [ 10, 11].

The xenobiotic gestagen melengestrol acetate (MGA) is orally active and has glucocorticoid
and anabolic effects because it promotes growth and increases the endogenous synthesis of

estradiol in cyclic females. In the USA and Canada it is licensed for the application in heifers

[4].
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Clenbuterol is a B-agonist. It belongs to the group of B,-sympathomimetics that are used to
relax both the bronchia and the uterus. It is applied in asthma therapy as well as a
tokolyticum. Clenbuterol stimulates amino acid retention and inhibits the activity of
proteolytic enzymes, such as CTSL and CTSB, which results in an increased muscle growth

[12, 13].
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Figure 2: Other substances with anabolic effects.

1.1.1 Misuse of anabolic agents in sports

After the big doping scandals during the 2007 Tour de France the doping topic has constantly
been present in the media and the creeds “fair play” or “give drugs no chance” appear to no
longer have any meaning. The abuse of AAS was first reported in the 1950s in samples taken
from Soviet weight lifters that captured the substances to gain weight and power. In 1967 the
International Olympic Committee (IOC) established a list of prohibited substances that was
later adopted by the World Anti Doping Agency (WADA). Today the WADA has composed
several anti-doping rules, and the violation of one or more of them is called doping. In most
cases this means the intake of forbidden medications that increase performance [14, 15, 16].
The WADA publishes an annual list of prohibited substances that includes all forbidden
agents and separates them into functional groups [1]. The following substances and methods

are prohibited at all times (in and out of competition):

Prohibited substances:

S1. Anabolic agents

S2. Hormones and related substances
S3. Beta-2 agonists

S4. Agents with anti-estrogenic activity

S5. Diuretics and other masking agents

Prohibited methods:
M1.Enhancement of oxygen transfer
M2. Chemical and physical manipulation

M3. Gene doping
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Especially xenobiotic steroids are not only used by competitive athletics. Studies in the USA
have shown that more and more pupils take these substances in the hope of obtaining better
social prestige and getting a sport scholarship. In Europe the intake of anabolic steroids has
become popular with people who have a gym membership, especially with man between 21
and 25 years and whose training goals are to increase muscle mass and gain of strength [17,

18].

1.1.2 Application and misuse of anabolic agents in animal husbandry

The application of anabolic agents in animal husbandry is forbidden since 1988 in the
Euoprean Union. In the USA and Canada estradiol-17f3, zeranol (estrogens), testosterone,
trenbolone (androgens), progesterone, melengestrol acetate (gestagens), ractopamin ([3-
agonist) and the growth hormone somatotropin are still legally used to induce better growth
rate, reduce fat thickness and produce leaner animals with more meat [12,13,19].

The consumption of meat from hormone treated animals may have certain risk for the
cunsumers, especially when parts near the point of implantation are eaten. The consequences
of an overdose of hormones caused by meat consumption include the disturbance of fertility
and the menstruation cycle in women and an increased risk of testicular and prostate cancer in
men [20].

To protect the consumer, authorities such as the European Union has established very
comprehensive control systems. The Joint FAO/WHO Expert Committee on Food Additives
(JECFA) is engaged in collecting and evaluating scientific data on contaminants and residues
of veterinary drugs in food. The JECFA has estimated a so-called ADI (Acceptable Daily
Intake) that defines the daily and lifelong amount of a substance in food or drinking water
without appreciable risk for the consumer. This value is based on pharmacological,

microbiological and toxicological studies [4, 21].
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Anabolic agent ADI
[Lg/kg BW per day]

Testosterone 2
Trenbolone 0.02
Zeranol 0.5
MGA 0.03

Tabel 1: Acceptable daily intake (ADI) of anabolic agents used in animal husbandry

European Community Reference Laboratories (CRL) and National Reference Laboratories
(NRL) are responsible for residue analysis and the control of adherence to maximum
permissible quantities for the European Union. Analytical methods and techniques for residue
analysis are established and standardized; therefore the acceptance of additional new
techniques as part of enforcement methods is discussed at intervals. New methods can be
accepted as long as they are not expensive, are considered to be commonly available and

sample preparation is not time consuming [22, 23].

1.1.3 Clinical application of anabolic agents

Anabolic agents are not only used as drugs of abuse to increase performance and strength, but
testosterone is also one of the commonly used drugs in androgen replacement therapy.
Synthetic androgens are prescribed to treat a variety of male and female disorders, for
example hypogonadism, anemias and primary osteoporosis, all resulting from deviant
androgen levels [24, 25]. Especially older people and women in the menopause suffer from
decreasing hormone levels, which result in sarcopenia and frailty. Already 30% of those over
60 years of age are affected. Sarcopenia, the loss of skeletal muscle mass and strength, results
in both men and women in a high incidence of accidental falls and can compromise the
quality of life. Chronic, age-related afflictions, e.g. osteoporosis are linked to sarcopenia. A
decrease in the production of hormones such as testosterone, estradiol and growth hormone
and a general decline in muscle protein turnover as well as neuromuscular alterations, are the
major reasons for the appearance of frailty. This results in weakness, impaired mobility and
poor endurance - factors that reduce independence and the quality of life [26, 27, 28, 29].

Particularly for women, the therapeutic uses of androgens do not only have beneficial effects,

as numerous side effects also exist, e.g. acne, hirsutism, frontal hair thinning and menstrual

6
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disruption [30, 31, 32, 33, 34]. A promising alternative to androgen replacement therapies,
for example in case of osteoporosis and frailty, could be the discovery of selective androgen
receptor modulators (SARM). SARM are expected to have the ability to mimic the central and
peripheral androgenic and anabolic affects of testosterone with lower negative side effects
than the natural hormone [35]. Further positive properties of SARM, such as the oral activity,
an increase in muscle mass and strength and an increase in fat-free mass, are important factors
for its use as a medication [36, 37, 38]. Specific genes could be analysed via mRNA
expression in order to identify the influence and effects of SARM in the body and so that the

identification of metabolic pathways is possible.

1.2 The idea of biomarkers

The techniques for the identification and characterisation of steroids and their metabolites
have changed since the first tests were performed on athletes” urine in 1976. Until now
several methods of detection have been developed, ranging from radio immunoassays to gas
chromatography (GC) and mass spectrometry. Today the major metabolites of nearly all AAS
are known and several analysis methods exist especially for their detection in urine, blood or
hair samples. Various urine tests for detecting testosterone have been developed, for example
the calculation of the ratio of testosterone to epitestosterone (T/E), the ketoconazole test and
the testosterone glucoronid to luteinising hormone (T/LH) ratio [39, 3, 6].

An important aspect in xenobiotic steroid testing is the question of the origin of the detected
substances. Even small amounts of AAS can be detected already in urine samples from people
who have ingested meat from clenbuterol or 19-norstestosterone treated animals. But how can
a person determine if the steroids analysed have endogenous or exogenous sources? The
question remains where to set a limit between illegally taken AAS and the physiological,
endogenous production of the hormones [3].

This is where the term “biomarker” becomes important. Several definitions for biomarkers
exist, for example the definition from the Food and Drug Administration (FDA): “a biomarker
is a characteristic that is objectively measured and evaluated as an indicator of normal
biologic or pathogenic processes or pharmacological responses to a therapeutic intervention”
[40]. Many more definition can be found but all of them try to explain that biomarkers can be

used to identify physiological changes in the organism induced by exogenous administered
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substances. The identification of such biomarkers in affected tissues could then be used to
detect the intake of specific substances, such as anabolic agents.

In theory this would be a new, accurate and easy way to perform drug residue analysis in
various species and samples. But at the mRNA expression level a lot of factors exist that
could influence these biomarker regulations and that should be kept in mind when developing
such a new screening method. The body, human or animal, is exposed to many different
environmental factors and especially the analysis of different gene expression regulations can
be significantly influenced by factors, such as the condition of the immune system, nutrition

or environmental conditions.

Target genes

Steroid hormones can influence the mRNA expression of specific genes by binding to their
hormone receptor in the cell. The resulting hormone-receptor complex then can bind to the
hormone-responsive-element (HRE), a short nucleotide sequence of DNA that is also called a
palindrome or enhancer of transcription. The binding of the hormone-receptor-complex to the
HRE activates the transcription of specific genes. The synthesised mRNA is released from the

nucleus and is translated into proteins in the cytoplasm [41].
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Figure 3: Mechanism of hormone-receptor interaction in the cell. The connection of hormone and
hormone-receptor is catalyzed by a heat shock protein (Hsp90). After this the hormone-receptor
complex can bind to the hormone responsive element (HRE) which is located on the DNA strand. The
synthesised mRNA is released from the nucleus and translated into proteins that code for biomarkers.

Most anabolic agents are hormones that can affect the mRNA expression of specific genes in
the cell. These so-called target gene (TG) expressions are on one side tissue dependent, for
example in uterus the muscle proteins of smooth muscles. On the other side they can be used
as universal factors that are expressed in more than one tissue. After finding target genes that
are specifically influenced by anabolic agents the identification of substance specific
biomarkers should be possible. Taking these biomarkers, a residue analysis pattern could be
developed. Additionally metabolic pathways, influenced by the treatment could be identified
and affirm physiological functions.

To measure these specific target gene expressions a method called polymerase chain reaction
(PCR) was used. Combining reverse transcriptase (RT) reaction with PCR, it is possible to
identify a specific RNA product, what was first done in the early 90s. With the beginning of

competitive PCR also the quantification of transcripts from unknown samples could then be

9
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realized. Nowadays PCR has become the most accurate and sensitive method for the detection
and quantification of nucleic acids [42]. Therefore this method meets all conditions for

biomarker analysis in different tissues.

10
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1.3 Aims

Residue analysis of anabolic agents is an interesting and important issue in food safety and
competitive sports. Especially in these areas stringent control systems are necessary because
the effects of AAS are often abused.

The objective of the thesis was to proof the possibility to detect AAS treatment via gene
expression analysis. Therefore substance specific target genes were selected and analysed in
different tissues and species, treated with anabolic agents. Gene expression regulations were
measured via qRT-PCR to show up effects on metabolic pathways and to identify possible
biomarkers for AAS.

The identified biomarkers could be taken to develop a substance specific gene expression
pattern, used for drug residue analysis. Additionally the identified signal cascades could help

to understand the influences of newly developed drugs in the organism.

11
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Anabolic Androgenic Agents

G

Liver | Muscle | Uterus Muscle

HFDPC

!

Biomarkers
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Physiological functions

Figure 4: Overview of species and tissues investigated in this thesis with regard of biomarkers and
metabolic pathways. Liver, skeletal muscles, uterus, hair follicle dermal papilla cells (HFDPC) and

hair follicle (HF) were analysed.
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Material and Methods

2. MATERIAL AND METHODS

2.1 Studies on bovine tissues

Holstein-Friesian heifers were treated either orally with MGA (0.5mg daily=1fold; Pfizer
Animal Health, New York, USA) or with the implant preparations of Finaplix-H® (200mg
TBA=I1fold; Hoechst Roussel Vet, Sommerville, USA) or Ralgro® (36mg zeranol=1fold;
Mallinckrodt Veterinary Inc., Mundelein, USA). According to the manufacturers’ instruction,
the implants were administered to the middle third of the pinna of the right ear. In every
treatment group always 2 heifers were given 1-fold, 3-fold and 10-fold doses of preparation,
the control group without any treatment consisted of 2 animals per group. The heifers were
aged between 12 to 16 month with a mean weight of 320+57 kg. After 56 days treatment all
heifers were slaughtered, tissue samples (liver, m. splenius, m. quadriceps and uterus) were

taken and stored at —80°C until total RNA extraction.

2.2 Studies on primate tissues

This study was done in cooperation with TAP Pharmaceutical Products Inc. (Lake Forest,
USA), to identify the influence of a new developed drug, a SARM, on the gene expression in
muscle tissues (M. quadriceps, m. triceps).

The in-life portions of the study and tissue collection were done by Covance Laboratories
GmbH (Miinster, Germany). 24 male cynomologous monkeys (macaca fascicularis) were
separated in four groups, a testosterone group, a SARMI and SARM10 group and a control
group, each consisting of 6 animals. The testosterone group was treated i.m. with 3.0 mg/kg
Testostoviron®-depot-250 (testosteronenanthat; Schering, Berlin, Germany) every two
weeks; the SARM1 and SARM10 group with 1 mg/kg or 10 mg/kg SARM LGD2941 orally
each day, and the control group stayed untreated. All animals were 5-6 years old, skeletally
mature and had an average body weight of 6 kg at the start of dosing.

Muscle biopsies of musculus quadriceps (musculus rectus femoris) and musculus triceps were
taken at three treatment time points. Predose samples were taken after study start without
prior treatment. Further samples were taken at day 16 and day 90 of treatment.

Predose muscle samples (50 mg each) were snap frozen directly in liquid nitrogen, wrapped in

aluminium foil and stored at —80°C until RNA extraction. Subsequently muscle samples of
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100 mg each were collected on day 16 (by biopsy) and 90 (at the end of the in-life phase),
placed in kryotubes before freezing in liquid nitrogen and stored at —80°C until RNA

extraction.

2.3 Studies on human tissues

The studies were supported by the Bundesinstitut fiir Sportwissenschaften (Bonn, Germany)
and done in cooperation with the Lehrstuhl fiir Sport und Gesundheitsférderung, TU Munich
and the institute of forensic medicine, TU Munich.

Only very limited numbers of hair follicle samples from treated persons could be taken,
therefore a first feasibility study was done in cell culture with human dermal papilla cells, to
identify first target genes.

In a second feasibility study a method to take hair follicle samples and extracte total RNA out
of them, was tested. Additionally histological stains were prepared from the hair samples to
demonstrate if hair follicle cells could be taken by plucking. Also first target genes were

measured in hair follicle samples.

2.3.1 Cell culture experiments

Two HFDPC (hair follicle dermal papilla cell) cultures, one from a female and one from a
male donor were treated with various concentrations of the anabolic steroids testosterone (4-
androsten-17f3-ol-3-one), stanozolol (17B-hydroxy-17a-methyl-androstano[3,2-c]pyrazole),
nortestosterone (17B-hydroxy-A4-estren-3-one) and the P-agonist clenbuterol (clenbuterol

hydrochlorid). Samples were taken as indicated below.

Cell culture from female donor

Human HFDPC were ordered from Cell Applications (San Diego, USA). Cells had been
cultivated from skin samples of the temple taken during plastic surgery at a 49 year-old,
female patient. After establishing a primary cell culture the cells were frozen in serum-free
freezing medium and sent cryopreserved (500,000). A ready-to-use HFDPC Medium and
Supplement Kit (Cell Applications, San Diego, USA), containing Basal Medium, FCS (fetal

calf serum), growth factors and antibiotics were additionally ordered to cultivate the cells. For
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sub-cultivation served a kit containing HBSS (HEPES buffered saline solution),
trypsin/EDTA solution and neutralizing solution (Cell Applications, San Diego, USA).

The thawed cells were cultivated in collagen coated T-75 flasks (Cell Applications, San
Diego, USA) containing 15ml HFDPC medium at 37°C in a humidified atmosphere of 5%
CO; and sub-cultivated at 85% confluence. Cells were frozen and stored at -80°C after each
splitting that was up to the sixth passage. For the experiment cells from third and fourth
passage were thawed, given into 12-well plates (ca. 3.4x10%well) and cultivated till 85%
confluence. Cells were cultured in triplicates with OnM (control-treatment), InM, 10nM and
100nM treatment groups on each plate. Sampling took place at Oh, 6h, 24h and 48h.

To remove natural containing steroids for all experiments the FCS was stripped by using

charcoal, as described by Darbre et al. [43].

Cell culture from male donor

Human HFDPC cells were ordered from Promo Cell (Heidelberg, Germany). Cells had been
cultivated from skin samples of the temple taken during plastic surgery at a 40 year-old, male
patient. After establishing a primary cell culture the cells were frozen in serum-free freezing
medium and sent cryopreserved (500,000 cells). A ready-to-use HFDPC Medium and
Supplement Kit (Promo Cell, Heidelberg, Germany), containing Basal Medium, FCS (fetal
calf serum), basic FGF and Insulin was additionally ordered to cultivate the cells. Sub-
cultivation was done with a kit containing HBSS (HEPES buffered saline solution),
trypsin/EDTA solution and neutralizing solution (Promo Cell, Heidelberg, Germany). The
experiment was done in the same way as it is described in the cell culture of the female donor
but only with 10nM and 100nM treatment concentrations. Sampling took place Oh, 6h, 24h

and 72h after treatment.
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Figure 5: Cultivated hair follicle dermal papilla cells.

2.3.2 Hair follicle experiments

Frontal scalp hair follicle samples were taken from the androgen dependent upper part of the
head. In a first study twenty hair follicle samples were taken from women and twenty samples
were taken from men to find possible gender specific differences. In a second study three
samples from weight lifters taking a mix of anabolic agents (testosterone, TBA) could be
taken and three hair samples from untreated man served as control. 5-6 hairs from the upper
part of the head were taken by plucking, long hairs were shortened to Icm and given in 1.5 ml
tubes containing lysis buffer (MasterPure RNA Purification Kit, Epicentre Biotechnologies,
Madison, USA.). In the first study the tubes were frozen in liquid nitrogen and stored at -
80°C, in the second study the RNA extraction was done directly after the plucking.

2.4 RNA extraction, RNA quality

For the RNA extraction different sample amounts had to be taken for the various tissues. For
the extraction of the bovine tissues, 200mg of the frozen tissue was taken. In the studies on
primate tissues, 50 mg of predose and 100 mg of day 16 and day 90 muscle biopsy samples
were used. For the extraction of the HFDPC, 600 pl of TriFast® (peqLab Biotechnologie
GmbH, Erlangen, Germany) was directly given in the wells of the cell culture plates. All hair

follicle samples that could be gained by plucking were taken for the further extraction.
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TriFast® and a standardized protocol from the company were used for the RNA isolation of
uterus, muscle and cell culture samples. The principal of this protocol was phenol/chloroform
extraction of total RNA. Isolated RNA was diluted in 30ul (liver, uterus and muscle tissue)
RNAse free water and stored at -80°C. Because low tissue yield was expected from hair
follicle samples a special kit, the MasterPure™ RNA Purification Kit (Epicentre
Biotechnologies, Madison, USA.) was used. RNA was extracted following the instruction of
the kit what contained proteinase K (50ug/pul) and DNase for RNA purification. RNA was
diluted in 10ul TE-Buffer and stored at -80°C.

To quantify the amount of total RNA extracted, optical density (OD) was measured with the
photometer (Eppendorf, Hamburg, Germany) or the NanoDrop ND-1000 (peqLab
Biotechnologie GmbH, Erlangen, Germany) for each sample. RNA purity was screened
taking the ODyg0/280 ratio.

RNA integrity and quality control was performed with the Bioanalyzer 2100 (Agilent
Technology, Palo Alto, USA). For sample analysis eukaryotic total RNA Nano Assay
(Agilent Technology, Palo Alto, USA) was taken and the RNA Integrity Number (RIN)
served as RNA quality parameter. Agilent Bioanalyzer 2100 calculated the RIN value based
on a numbering system from 1 to 10 (1 being the most degraded profile, 10 being the most

intact) for all samples [44, 45].

2.5 Selection of target genes

All target genes were selected if supposed to play an important role in the anabolic pathways
of the analysed tissues. Following target genes were chosen by screening the respective

literature:
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Study in bovine tissues

Liver, muscle and uterus

Angiogenesis

vascular enothelial growth factors (VEGF120, 164, 188)

VEGF receptor (FLK-1)

Fibroblast growth factors (FGF2, 7)

Angiopoetin (Angptl, Angpt2)

Matrix metalloproteinases (MMP1, MMP2, MMP14)
MMP inhibitors (TIMP1, TIMP2)

Apoptosis Death receptor ligand (FasL)
Death receptor (FasR)
Caspase 3
Bcl-x| protein (Bcl-xI)

Cell cycle Cyclin dependent kinase (CDK2)

Cyclin A, D1
Myostatin (GDF8)

Endocrine factors

Androgen receptor (AR)

Estrogen receptors (ERa, ERB)

Growth hormone receptor (GHR)

Prolactin receptor (PRLR)

Insulin receptors (IRa, IRB)

Glucocorticoid receptor (GR)

Insulin-like growth factor (IGF1)

Insulin-like growth factor receptor (IGF1R)
Insulin-like growth factor binding protein (IGFBP3)

Energy metabolism

Hexokinase (HK),
Lactate-dehydrogenase (LDH)
Creatinkinase (CK)

Aconitase
Acyl-CoA-dehydrogenase (ACADvI)
Enoyl-CoA-hydratase (EnoylCoA)

Inflammatory factors

Cycle-oxogenase (Cox2)
Interleucin 1 (IL1pB)

Tumor necrosis factor (TNFa.)

Muscle function

o-Actin (ACTAL)
Myosin heavy chain (MYHC2x)
Myogenic differentiation factor (MyoD)

Oncogenes

Tumor suppressor p53 (p53)

Myeloblastosis viral oncogene (v-myb)

Protein metabolism

Cathepsin B, L (CTSB, CTSL)
Calpain 3 (CAPN3)

Calpastatin (CAST)
Tyrosin-amino-transferase (TAT)
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Transcription factors

c-fos protein (c-fos)
c-jun protein (c-jun)

Reference genes

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
B-Actin (ACTB)
Ubiquitin C (UBC)

Others

Cytochrom P1 (CyP1A1)
Calreticulin (CALR)

Table 2: List of target genes analysed in bovine tissues [9, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,

56, 57, 58, 59, 60, 61]
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Study in primate tissues

Muscle

Muscle fibre proteins

Myosin heavy chain (MYHC2x)
a-Actin (ACTA1)

Transcription factors

Myogenin
Myogenic differentiation factor (MyoD)

Protein metabolism

Cathepsin B, L (CTSB, CTSL)
Calpain 3 (CAPN3)

Tyrosin-amino-transferase (TAT)

Cell cycle

Cyclin-dependent kinase 2 (CDK2),
Cyclin A, D1
Myostatin (GDF8)

Endo- paracrine factors

Androgen receptor (AR),

Estrogen receptors (ERa, ERB),

Growth hormone receptor (GHR),

Glucocorticoid receptor (GR),

Insulin like growth factor receptor (IGF1R),

Insulin receptor (IR),

Insulin like growth factor binding proteins (IGFBP3, IGFBP4)

Energy metabolism

Hexokinase (HK),
Lactate-dehydrogenase (LDH)
Creatin kinase (CK)

Glucose transporter 4 (GLUT4)
Glycogen phosphorylase (PYGM)

Satellite cell biology

Myogenic factors 5, 6 (Myf5, Myf6)
Myogenin (MyoG)
M-cadherin (CDH15)

Reference genes

B-Actin (ACTB)

Cyclophilin A (PPIA),

Tyrosin3/tryptophan5-monooxygenase activation protein (YWHAZ)
Ubiquitin C (UBC)

18S rRNA

Table 3: List of target genes analysed in primate m. quadriceps and m. triceps [62, 63, 64, 65, 66,

67, 68, 69, 70, 71].
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Study in human tissues

HFDPC culture and hair follicles

Apoptosis

Death receptor ligand (FasL)

Death receptor (FasR)

Caspases 3, 8,9

B-cell leucemia/lymphoma 2 (Bcl-2)
Bcl-xI protein (Bcl-xl)

Growth factors

Tumor necrosis factor (TNFa.)

Growth hormone receptor (GHR)

Insulin-like growth factor (IGF1)

Insulin-like growth factor receptor (IGF1R)

Insulin-like growth factor binding proteins (IGFBP3, IGFBP5)

Cell cycle

Cyclin D1, E

Enzymes

17B-Hydroxysteroid-dehydrogenase 1,3 (HSD17b1, HSD17b2)
Steroid-5a-reductase 1, 2 (SRD5A1, SRD5A2)

Hair metabolism

Fibroblast growth factors (FGF2, FGF7)

Fibroblast growth factor receptor (FGF1R, FGF2R)
Hepatocyte growth factor (HGF)

Neurotrophin (NT5)

Interleukin 1 beta (IL1pB)

Steroid receptors

Androgen receptor (AR)
Estrogen receptors (ERa, ERB)

Glucocorticoid receptor (GR)

Reference genes

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
B-Actin (ACTB)
Ubiquitin C (UBC).

Tabel 4: List of analysed target genes in the HFDPC cell culture and hair follicle experiments [72,

73, 74, 75].

Full names of the target genes can be found under the chapter “Abbreviations”.

2.6 Primer design and agarose gel electrophoresis

All primers were designed using published nucleic acid sequences of Ensembl Genom

browser [76] and NCBI [77]. Primer design and optimization was done with primer design

program primer 3 [78] with regard to primer dimer formation, self-priming formation and

primer annealing temperature at 60°C. Designed primers were ordered and synthesized at
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MWG Biotech (Ebersberg, Germany). Primer testing was performed with three samples and a
negative control (RNAse free water) for each primer set. With the PCR products an agarose
gel electrophoresis was done to check the primer length and absence of primer dimers.

High resolution agarose gel and electrophoresis was conducted at 90 V for 30 minutes.
Agarose gel was then photographed under UV-excitation to enable analysis of fragment size,

band intensity and integrity.

2.7 Real-time qRT-PCR

Quantitative real-time RT-PCR was performed using SuperScript III Platinum SYBR Green
One-Step qPCR Kit (Invitrogen, Carlsbad, USA) by a standard protocol, recommended by the
manufacture. With the kit the master mix was prepared as follows: For one sample was
calculated 5ul 2x SYBR Green Reaction Mix, 0.5ul forward primer (10 pmol/ul), 0.5ul
reverse primer (10 pmol/ul) and 0.2ul SYBR Green One-Step Enzyme Mix. 6.2ul of the
master mix was filled in the special 100 pl tubes and 1 ng/pl total RNA in 3.8 ul volume was
added. The following uniform RT-PCR protocol was used for all genes:

One Step gRT-PCR Protocol, Invitrogen

Step Temperature Time

I(hold, RT) 55°C 10 min
[I[(denaturation) 95°C 5 min

[ll(cycling) 40 cycles

1.(denaturation) 95°C 15 sec
2.(annealing) 60°C 30 sec
3.(elongation) 68°C 20 sec

IV(hold2) 40°C 1 min

\% Melting Curve Analysis 60°C-95°C; 0.5sec

Tabel 5: One-step qRT-PCR protocol for used real-time PCR instruments.

All experiments were done with the Rotor-Gene instruments from Corbett (Corbett Life
Science, Sydney, Australia). Studies on bovine tissues were done with the Rotor-Gene 3000,
studies on primate and human tissues with the Rotor-Gene 6000.

Crossing Points (Ct) and melting curves were acquired by using the “Quantitation” (cell

culture experiment, hair follicle experiment), “Comparative quantification” (muscle
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experiment, uterus experiment) and ““Melting curve” program of the Rotor-Gene 3000 and
6000 analysis software. All samples were baseline corrected and threshold was set manually
in the cell culture and hair follicle experiment, using same threshold levels for one gene in all
samples of an experiment.

Only genes with clear and single melting peaks were taken for further data analysis, samples

with irregular melting peaks were excluded.

2.8 Data Analysis and Statistics

Data were processed applying relative quantification method comparable to the AACt-method
(2%4°Y), also abbreviated as ddCt [79, 80, 81]. Expression changes are shown as relative up- or
down-regulation compared to the three internal reference genes. For normalization of target
gene expression the arithmetic mean (AM) of the non-regulated reference genes were taken

and the reference gene index (RGI) was calculated.

Reference genes
Human tissues Primate tissues Bovine tissues
Cell culture Hair follicle Muscles Liver Muscles | Uterus
experiments experiments
1 2 1 2
ACTB ACTB S.I. ACTB ACTB ACTB S.I. S.I.
UBC UBC UBC UBC PPIA UBC UBC UBC
S.I. GAPDH GPDH S.I. YWHAZ GAPDH ACTB GAPDH

Tabel 6: List of reference genes, taken for relative quantification in the different studies.
s.r. = significantly regulated.

In the first step of the AACt-method the crossing point of the AM of the target genes was
subtracted from the crossing point of the reference gene index. From the so calculated ACt the
mean value of the repeat determination was taken to get the ACt of the treatment. From this
ACt (ireatment) the mean value of ACt (controly Of the non treated control was subtracted. The result
was the AACt value. In this calculation model the optimal PCR efficiency, representing a
DNA doubling after each cycle (efficiency = 2), is assumed. Therefore the expression ratio of

a target gene compared to the control treatment of the analysis expected as 24",
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ACt = Ct (TG) — Ct (RGI)

ACt treatmenty = mean ACt value of repeat determination of treated animals

ACt (controy = mean ACt value of control animals or control treatment

AACt = ACt (treatment) — ACt (control)

Ratio Q-AAct

In the studies on bovine and primate tissues the expression ratio 2" was calculated for all
significantly regulated target genes. If the expression ratio was < 1 the expression of the gene
was down-regulated, if the expression ratio was > 1 the gene was up-regulated. In the bovine
studies the regression of AACt over treatment time was calculated in a linear regression model
to show the gene regulation over time. Additionally, in the studies on primate tissues
statistical descriptions of the expression data as well as statistical tests were produced with
SAS v. 9.1.3 for Windows. With box-whisker plots the visual screening of regulated genes
was possible.

In the cell culture and hair follicle experiments AACt was calculated, regulations over
treatment time were evaluated using a 2-Way-Anova with SigmaStat 3.0 Software (SPSS,

Munich, Germany).
All AACt calculations were done in Excel (Microsoft, USA) by using the t-test. All data were

illustrated by means+standard deviation (S.D.), significance minimum was p<0.05.
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3. RESULTS AND DISCUSSION

All feasibility studies were done using similar methods and instruments, to make results

comparable.

3.1 Studies on bovine tissues

RNA concentration and RNA integrity

Total RNA concentration from liver samples was in meantS.D. 2084.9£765.1 ng/ul, in the
muscles 1244.3£908.1 ng/ul and in the uterus 3320.1+212.9 ng/ul. In the liver, muscles and
uterus the mean RIN were 7.7, 7.6, and 7.3. All tissue samples were taken in 1998, so they
kept frozen at -80°C for seven years until extraction. Anyhow, the RIN showed quite good

results and so samples could be taken for further qRT-PCR analysis.

Primer design
Primer pairs of 57 genes were used for qRT-PCR analysis to get single peaks and uniform
melting curves, as well as a specific single band in agarose gel electrophoresis. All primer

pairs listed below showed satisfactory results in PCR analysis and could be used for further

calculations.
GROUP INDEX SEQUENCE 5= 3’ BP | AT | ACCNR.
°C

angiogenesis Angpt 1 for TTC CTC GCT GCT ATT CTG ACT 194 558 : *
Angpt 1 rev TGA CAG CAC TCT CAT GCT GTC
Angpt2 for AAT TCA GT CTC CAA AAG CAG C 234 | 58 *
Angpt2 rev TCC ACC CGTTTC CAT GTC
FGF2 for AGC CTT GCAACT CTGCTT GT 210 | 60 *
FGF2 rev CGA ATT CAG ATC CCT CCT GA
FGF7 for CTG CCAAGT TTG CTC TAC AG 294 | 60 *
FGF7 rev TCC AAC TGC CAG GGT CCT GAT
FLK-1 for GCT TCT ACC AGG ACACTGACAT 144 | 62 *
FLK-1 rev AAC ACG GAATCACCACCACAGTT
MMP1 for GAG GAG ACG CTC ATTTTG ATG 235 | 60 NM174112
MMP1 for ACT GGC TGAGTG GGATTT TG
MMP2 for CCC AGACAG TGG ATGATG C 237 | 60 NM174745
MMP2 rev TTGTCC TTC TCC CAG GGTC
MMP14 for ACT TGG AAG GGG GAC ACC 232 | 60 *
MMP14 for AGG GGG CAT CTT AGT GGC
TIMP1 for CAT CTACAC CCCTGC CAT G 231 | 60 NM174471
TIMP1 rev CAG GGG ATG GAT GAG CAG
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TIMP2 for GGG TCT CGC TGG ACATTG 255 | 59 NM174472
TIMP2 rev TTGATGTTCTTC TCC GTG ACC
VEGEF all for CCG TCCCATTGAGACCCTG *
VEGF120rev | CGG CTT GTC ACAATTTITCTT GTC 280 | 59 *
VEGF164 rev GCC CACAGG GATTTTCTT GC 278 | 59 *
VEGF188rev [ TGCCCCTITCCCTITCCTC 296 | 60 *
VEGF for GGT GGA CAT CTT CCAGGA GTA 177 | 60 NM174216
VEGF rev CTATGT GCT GGC TTT GGT GAG
apoptosis bcl-xI for GGC ATT CAG CGA CCT GAC 203 | 60 AF245487
bcl-xI rev CCATCCAAGTTG CGA TCC
Caspase 3for | GCAACG TTT CTA AAG AAG ACCATAG | 64 60 NM174260
Caspase 3rev | CCATGG CTT AGA AGC ACA CAAATAA
Fas-L for CAT CTT TGG AGA AGC AAA TAG 205 | 60 AB035802
Fas-L rev GGA ATA CAC AAA ATA CAG CCC
cell cycle CDK2 for CTC ATC GAG TCCTGC ACCG 183 | 60 BT020790
CDK2 rev GTAGTATTT GCA GCC CAG AAG G
Cyclin A for GCTATCCTC GTG GACTGG TTA 159 | 60 X68321
Cyclin A rev AAG CAT AGC AGC AGT GCC CA
Cyclin D1 for GAA GAT GAA GGA GAC CAT CCC 190 | 60 *
CyclinD1rev | TTG TTC TCC TCT GCC ACT GG
Myostatin for GCC TGT CAAGAC TCC TGC GA 173 | 60 AY160688
Myostatin rev TGT TTG AGC CAG TTC TGC AAC AC
endocrine AR for CCT GGT TTT CAATGA GTA ACC GCA 172 | 60 AY862875
factors TG
AR rev TTGATTTTT CAG CCC ATC CACTGG A
ERa for AGG GAA GCT CCT ATTTGC TCC 234 | 60 AF177936
ERa rev CGG TGGATGTGG TCCTTC TCT
ERp for GAG ATATTCTTITGTG TTG GAG TTT 242 | 60 *
ERB rev CTT CGT GGA GCT CAG CCT GT
GHR for CCAGTT TCC ATG GTT CTT AAT TAT 136 | 60 NM176608
GHR rev TTCCTTTAATCTTTG GAACTG G
GR for TTC GAA GAA AAAACT GCC CAGC 190 | 60 AY238475
GR rev CAG TGT TGG GGT GAG TTG TG
IGF1 for CCA AAG GCC AGA CCTACT TG 180 | 60 X15726
IGF1 rev TCC TCA GAT CAC AGC TCC GA
IGF1R for TTA AAA TGG CCA GAA CCT GAG 314 | 60 X54980
IGF1R rev ATT ATA ACC AAG CCT CCC AC
IGFBP3 for ACA GAC ACC CAG AACTTCTCCT 202 | 60 NM174556
IGFBP3 rev AGA AACCCCGCTTCCTGCC
IRa for TCC TCA AGG AGC TGG AGG AGT 89 60 AJ320235
IRa rev TTT CCT CGA AGG CCT GGG GAT
IRB for TCC TCA AGG AGC TGG AGG AGT 111 | 60 AJ320235
IRB rev TAG CGT CCT CGG CAA CAG G
PRLR for AAG GAA GGA GAA ACACTCATCCA 203 | 60 L02549
PRLR rev AGG TTT GCA GGAGGC TCT G
energy ACADuvI for ACT TTG ACG GAG TAC GGG TG 198 | 60 u30817
metabolism ACADvItev | CAAAGT TGT GAATTT TCT CCC C
Aconitase for CAT CCG AGTTGG TCT GAT TG 188 | 60 NM173977
Aconitase rev | ACATCC CTC AGG ATCTGT G
CK for ATG ACA GAG CAG GAG CAG CA 183 | 60 BT021173
CK rev ATG GAG ATG ACT CGG AGG TG
EnoylCoA for GCT GCT GTC AAT GGC TAT GC 202 | 60 BT021569
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EnoylCoA rev

ACC AGT GAG GAC CAT CTC CA

HK for CAA GAC GCA CCC ACA GTATCC 211 [ 60 | NM001012668
HK rev TCA CCT CCAGCAGCATTTCCTT
LDH for GTG GCT TGG AAG ATA AGT GG 155 [ 60 | NM174099
LDH rev ACT AGA GTC ACC ATG CTC C
inflammatory | Cox2 for CCT GAT GAC TGC CCAACAC 162 | 60 | AF004944
factors Cox2 rev AAA TTG ATG GGT GAA GTG CTG G
IL1p for TTC TCT CCAGCC AACCTT CATT 198 [ 60 | M37211
IL1B rev ATC TGC AGC TGG ATG TTTCCAT
TNFo. for TAA CAA GCC GGT AGC CCA CG 256 | 60 | AF011926
TNFo. rev GCA AGG GCT CTT GAT GGC AGA
muscle ACTAL for TAT TGT GCT CGA CTC CGG CGA 160 | 60 | NM174225
function ACTAL rev GTC ACG AAG GAG TAG CCA CG
MYHC2x for GAT CAA TGC TGA GCT GAC GG 173 | 60 | AB059399
MYHC2xrev | CAATGG TTT CAT CCA GAC CTG C
oncogenes p53 for GAC TTC TCT CGG CGC CTA CC 191 [ 60 | X81704
p53 rev TGG TGC ACT CAG AGT CGA TC
v-myb for TCA CGT CCC ATATCC TGT AGC 170 [ 60 | NM175050
v-myb rev CCT GTC CTT TGA GTT CGT TCT CA
protein CAPN3 for GAC TGG AGC TAT GTG GAC AAG 179 [ 60 | NM174260
metabolism CAPN3 rev GTC CAA GTC TGA AGC TTG TCG
CAST for GAT CAG AAG TGC TGC TCC A 206 | 60 | NM174003
CAST rev GGA CTG TTT CCT CAT CTT ACC
CTSB for GAT CTG CAT CCA CAG CAA 192 [ 60 | NM174031
CTSB for ATG GAG TAC GGT CTG CAA CC
CTSL for CAC TGG TGC TCT TGA AGG ACA 183 [ 60 | NM174032
CTSL rev TAA GAT TCC TCT GAG TCC AGG C
TAT for ACC CTT GTG GGT CAG TGT TC 167 | 60 | BT021798
TAT rev ACA GGA TGG GGA CTT TGC TG
transcription c-fos for GCT CCA GGC GGA GAC AGA 302 | 60 AY069515
factors c-fos rev AGG GTG AAG GCC TCC TCA GA
c-jun for TCA ACG CCT CGT TCC TCC 278 | 60 | AF069514
c-jun rev CTC ATC TGT CAC GTT CTT GGG GCA
reference ACTB for AAC TCC ATC ATG AAG TGT GAC 202 | 60 AY141970
genes ACTB rev GAT CCA CAT CTG CTG GAA GG
GAPDH for GTC TTC ACT ACC ATG GAG AAG G 197 [ 60 | U85042
GAPDH rev TCA TGG ATG ACC TTG GCC CAG
UBC for AGA TCC AGG ATA AGG GAA GGC AT 198 | 60 | z18245
UBC rev GCT CCA CCT CCAGGG TGA T
others CyP1AL1 for CCG ACC TCT ACAGCT TCAC 181 | 60 | AB060696
CyP1A1l rev GCC TCCTTG TTC ACATGC TC
CALR for TTG ACA ACA GCC AGG TGG AG 192 [ 60 | NM007591
CALR rev CAG GTT TCT TAG CAT CAG GGT C

Table 7: List of designed primer pairs for all bovine tissues. Length of the amplicons (BP) and
annealing temperatures (AT) are listed. Some primer pairs were taken from extern references (*), so
the accession number was not available.
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gRT-PCR and gene expression regulations in liver, muscle and uterus

Tissue specific biomarkers were analysed to show first metabolic effects in the different

tissues and treatment dependent regulations.

Liver M. splenius M. quadriceps Uterus
TG ™ TG ™ TG ™ TG ™

$2oylcOA TBA MYHC2x 4 | TBA MYHC2x 4 | TBA ACTA1 Z

ACADvI 1T | TBA ACTA1Y MGA, TBA | cTSL T TBA, Z cTSL 1t TBA

FasL 11 TBA CDK2 T MGA CyclinAT | MGA MMP2 { MGA

Bel-xI ™71 TBA CyclinAT | Z AR TBA TIMP2 ™ MGA

IGF1 11 Z GDF8 | TBA IGF1 T Z Angpt2 4 TBA

IRo. 1 TBA IGF1 T Z GRaT,{ | MGA, TBA | AR® TBA

IRB T MGA IGFBP3 T | MGA LDH 4! TBA ERB TBA

PRLR ™ MGA ERa T, ¥ MGA, Z IGFBP3 T1 TBA

GR™ z GRaT,{ | MGA, TBA HK {4 Z

GHR 11 MGA, TBA | HK T TBA Aconitase T | MGA,
TBA

iLipt TBA LDH 4 TBA FasL T MGA,
TBA

Cox2 MGA Bel-xl 4 z

CAST T MGA Caspase 3T | TBA

cTSB 11 TBA

cTSL 11 MGA

p53 ¢ MGA

v-myb 17 MGA, TBA

c-fos T MGA

Tabel 8: Tissue depentent biomarkers in bovine samples.The arrow shows the up or down-regulation
of the target gene (TG). P-value<0.05 is shown by one arrow, p-value<0.01 is shown by two arrows.
Treatments (TM) were melengestrol acetate (MGA), trenbolone acetate (TBA) and zeranol (Z).

Metabolic pathways in the liver

Especially genes of the endocrine (IGF1, IRa, IRB, GR, PRLR, GHR) adipolysis (ACADvI,
EnoylCoA) and oncogene systems (v-myb, p53) were regulated and showed first auspicious
effects.

The adipolysis factors ACADvl and EnoylCoA showed significant up-regulations (71%;
76%) in the liver under TBA treatment. One central reaction during the fatty acid oxidation is
the ACADvI induced oxidation of Acyl-CoA with the formation of Enoyl-CoA followed by
another essential reaction, which is the EnoylCoA enzyme induced hydratisation with the
formation of hydroxyacyl-CoA. At the end of the fatty acid oxidation Acetyl-CoA is produced

which feeds into the citric acid cycle of energy-yielding reactions in the mitochondrial matrix
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or is used to form keto acids [82]. To show next metabolic pathways of Acetyl-CoA further

factors of the citric acid cycle or the ketose pathways need to be analysed.

Metabolic pathways in the muscles

In both muscles very similar gene regulations could be identified. Muscle proteins (MYHC2x,
ACTAL1), enzymes of the energy metabolism (HK, LDH) and cell cycle factors (Cyclin A,
GDFS8, CDK2) indicated a possible influence of AAS on theses pathways.

In m. splenius factors of energy metabolism, such as HK were up-regulated (62%), LDH was
down-regulated (51%) under TBA treatment. HK catalyse the formation of glucose to
glucose-6-phsophate. The endproduct of the cascade is pyruvat that can be convertet to lactate
by LDH. This last step is called anaerobic way of glycolysis [39]. AAS seem to induce the
aerobic and inhibit the anaerobic way of glycolysis but again further enzymes of the cascade

have to be tested to confirm the consumption.

Metabolic pathways in the uterus

In this tissue the angiogenesis factors (MMP2, TIMP2, Angpt2), the apoptosis factors (FasL,
Caspase 3, Bcl-xl) and the steroid receptors (AR, ER) seem to be affected pathways.

As primary sexual organ, the uterus showed the highest gene expression regulations.
Especially the apoptosis factors showed related regulations. FasL and Caspase 3 were
significantly up-regulated (263%; 151%) under TBA treatment. The extrinsic way of
apoptosis is induced by the death receptor ligand FasL. which binds to death receptor FasR.
The complex can transform procaspase 8 to Caspase 8 which then influences Caspase 3.

Caspase 3 induces apoptosis [83]. It is supposed that AAS influence this way of apoptosis.

First tissue and treatment specific biomarkers could be identified. Additionally first
modifications on metabolic pathways are supposed to be induced by AAS. In the liver the
various gene regulations were expected because of its role as multi functional accumulator.
The primary sexual organs, the uterus, turned out to be very promising for gene expression

regulations.
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3.2 Studies on primate tissues

RNA concentration and RNA integrity

The mean+S.D. total RNA concentration of the predose samples was 947.9+387.1 ng/ul for
the m. quadriceps and 515.8+£209.5 ng/ul for the m. triceps. The day 16 samples showed a
total RNA concentration of 1384.94+455.8 ng/ul for the m. quadriceps and 1141.8+565.9 ng/ul
for the m. triceps. 1573.7+375.1 ng/ul total RNA for the m. quadriceps and 1563.3+396.9
ng/ul for the m. triceps samples in day 90 could be measured.

The first measurements of predose samples showed a very high 5S RNA peak for all samples
which indicates partly degraded total RNA and lower RNA quality. Because predose biopsy
samples were directly frozen in liquid nitrogen without protection of the sample, it is possible
that the RNA was damaged and resulted in a partly degraded total RNA with a high 5S RNA
peak. To address this problem the sensitivity of the 5S region was augmented in the algorithm
of the Bioanalyzer 2100 (Agilent Technologies, Santa Clara, USA) with the result that the
significant 18S and 28S regions could be identified.

The mean RIN value was 6.5 for the m. quadriceps and 6.9 for the m. triceps predose
samples, representing a total RNA of average quality.

At the second sampling on day 16, the biopsy tissues were placed into kryotubes before
freezing in liquid nitrogen. In RNA integrity analysis all samples showed a lower 5S region
than the predose samples, but for standardization the 5S peak sensitivity was also augmented.
The m. quadriceps samples had a mean RIN of 7.1, the m. triceps of 7.6.

For the day 90 samples the standardization the 5S peak sensitivity was augmented because the
5S peak was still dominant. M. quadriceps samples had a mean RIN of 6.9, m. triceps
samples of 7.6. For each time point, the m. triceps samples showed better RNA quality with
less variation than the m. quadriceps samples.

The low RNA quality of predose samples clearly showed that muscle biopsy samples should
not be stored directly in liquid nitrogen. Because of the small surface of the samples it seems
that the liquid nitrogen totally destroyed the muscle tissue cells and the included RNA. The
samples frozen in kryotubes (days 16 and 90) appeared to not have this kind of freezer burn
because more total RNA could be isolated and was still intact in these samples.

However, muscle tissue samples from euthanized animals (day 90) resulted in better quality

RNA than the biopsy samples from day 16. Most of the biopsy samples were coated with
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blood and included connective tissue, factors that influence the pureness of muscle cell RNA.

The samples collected at day 90 did not appear to include blood or connective tissue.

Primer design

Again only primers that showed a specific PCR product in PCR analysis were taken for
further statistical analysis.

GROUP IDENTITY SEQUENCE 5 —» 3 BP | AT ACC.NR.
°C)
muscle fibre ACTAL1 for CAT GGT CGG TAT GGG TCA GAA 154 | 60 NM001100
proteins
ACTAL rev CGC GAA GCT CGT TGT AGA AG
MYHC2x for | GCA CAT CCA GAG CAG AGA AGA A 229 | 60 NMO017534
MYHC2x rev | GAC AGT GAC ACAGAAGAGACCT
transcription Myogenin for | ATC ATC TGC TCA CGG CTG AC 108 | 60 NM002479
factors
Myogeninrev | TTT CAT CTG GGA AGG CCA CAG A
protein CTSB for ACAATTCCTACAGCGTCTCC 299 | 60 L16510
metabolism
CTSB rev CACCACTTCTGATTCGATTCC
CTSL for ACATCCCTAAGCAGGAGAAGGC 159 | 60 M20496
CTSL rev CCAGCACACCATGATCCATGTC
CAPN3 for TCCAGTTCGTCTGGAAGAGACC 273 | 60 AY902237
CAPNS3 rev TGTACGTTGGCAGGCAGTCATC
cell cycle CyclinD for AAC AAG CTC AAG TGG AACCTG G 170 | 60 NM053056
regulation
CyclinD rev CAT GGA GGG CGG ATT GGA AAT
Myostatin for | AAC TTG ACA TGA ACC CAG GCAC 177 | 60 NM005259
Myostatin rev | ACG GAT TCA GCC CAT CTT CTC
endo- AR for TTGTCCATCTTGTCG TCT TCG G 237 | 60 L29496
paracrine
factors
AR rev TGT CCA GCA CACACT ACACC
ERB for ATG CTC ACT TCT GCG CTG TC 219 | 60 NM001437
ERpB rev CACACTTCACCATTCCCACTTC
GHR for ATC CACCCATTG CCCTCAAC 246 | 60 NM00163
GHR rev ATC TCA CAC GCACTT CAT ATT CC
IGF1R for CAT TTC ACC TCC ACC ACC AC 151 | 60 NMO000875
IGF1R rev AGG CAT CCT GCC CAT CAT AC
IGFBP3 for CAC AGATACCCAGAACTTCTCC 227 | 60 M35878
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IGFBP3 rev CCATACTTATCCACACACCAGC
IGFBP4 for CAACTT CCACCC CAAGCAGT 130 | 60 NMO001552
IGFBP4 rev CTG GTG GCA GTC CAG CTC
IR for TCC AGA CAG ATG CCACCAAC 280 | 60 NM000208
IR rev ATC CAG CTC GAACAG CTC AC
GR for TTCTGC GTC TTC ACC CTC AC 159 | 60 AHO002750
GR rev CTG TCT CTC CCATAT ACAGTCC
energy HK for CGC ATC TGC TTG CCT ACT TC 229 | 60 NMO000189
metabolism
HK rev AAC TCT CCG TGT TCT GTC CC
LDH for TTC AGC CCG ATT CCG TTACC 226 | 60 NMO005566
LDH rev CAC CTC ATAAGC ACT CTC AACC
CK for GAC ATC GTC TAC AGT GAA GCC 157 | 60 NM001824
CKrev AGT TCAAGC TGAATT TAC AAG CCT G
PYGM for ACATCAACCCCAACTCACTCAC 160 | 60 AF066859
PYGM rev GCC TTC CCT CCA ATC ATC AC
satellite cell | Myf5 for TGA GAG AGC AGG TGG AGA AC 290 | 60 NMO005593
biology
Myf5 rev GGC AAC TGG AGA GAG AGA AG
Myf6 for GCC AAGTGTTTCCGATCATTCC 166 | 60 NM002469
Myf6 rev ACT TCT CCACCACTT CCT CC
reference ACTB for TATAA Biocenter 60 *
genes
ACTB rev TATAA Biocenter *
PPIA for TATAA Biocenter 60 *
PPIA rev TATAA Biocenter *
YWHAZ for GCA ACC AAC ACATCC TAT CAG AC 243 | 60 NM145690
YWHAZ rev TTCTCCTGC TTC AGC TTC GTC

Table 9: List of designed primer pairs for both primate muscles. Length of the amplicons (BP)
and annealing temperatures (AT) are listed. Some primers (*) were taken from the human
endogenous control panel kit (TATAA Biocenter, Gothenburg, Sweden), therefore primer
sequence and accession number was not available.

It was not possible to design perfect and working primer pairs for all target genes. The reason

was that few gene sequences of macaca fascicularis are available in public gene banks so the

gene sequences of homo sapiens were used for primer pair design. Because the genome of

cynomolgous monkey does not correlate hundred per cent with the genome of homo sapiens,

the chance of designing non-annealing primer pairs is still high.
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Results and discussion of gRT-PCR and gene expression regulations in the muscle

Measured target genes in muscle biopsy samples:

M. quadriceps M. triceps

Predose Day 16 Day 90 Predose Day 16 Day 90
ACTA1 v v v v v v
MYHC2x v v v 4 v 4
MyoG v v v v v v
CTSL 4 v v v v v
CTSB no result v v v v v
CAPN3 v v v v v v
Cyclin D1 4 v v v v v
Myostatin v v v v v v
AR no result v v v v no result
ERa excluded
ERB 4 v noresult | v v no result
GHR v v no result | excluded
GR v v v v v v
IGF1R v v noresult | v no result no result
IGFBP4 v v v 4 v 4
IGFBP3 4 v v v v v
IR v v v v v v
HK no result v v no result v no result
LDH v noresult | noresult | v v no result
CK v v v v v v
Myf5 v v no result | excluded
Myf6 v v v v v no result
CDH15 excluded
PYGM v v v excluded

Table 10: Measured target genes in m. quadriceps and m. triceps biopsies of macaca fascicularis.
v'means TG with specific PCR products. No results indicate an unsatisfactory melting curve. Genes
that did not show specific products in all three time points were excluded.

In m. quadriceps significant differences between the control and the treatments could be
identified after 90 day treatment, including the CTSL (p-value=0.0138), CAPN3 (p-
value=0.0625) and IGFBP3 (p-value=0.0280) (Figure 1, 2, 3). There were no significantly

regulated genes found in m. triceps. Possible effect of outliers was investigated and could not

be excluded. Only the three significantly regulated genes on the time point 90 days in m.

quadriceps are hence discussed further. Surprisingly the expression ratio deviated from the

33



Results and Discussion

value one in the control group, showing thus endogenously induced up-regulation throughout
the growth period of the animals. This conclusion is supported by the fact that no pronounced

regulation was found on the time point 16 days.
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Figure 6: Significant down-regulation of CTSL between control and treated samples. Box-whisker
plot show the expression ratio between the normalised expression of the timepoint 90 and baseline.
The horizontal line inside the box indicates median and the box indicates the interquertile range. The
full point indicates mean. The whiskers indicate the maximum and minimum and the squer indicates
outliers. The calculation of the outliers is based on the box-whisker rule saying that a outlier is a point
which falls more than 1.5 times (weak outlier) or 3 times (strong outlier) the interquartile range above
the third quartile or below the first quartile.

The control group showed also high variability as compared to the treatment groups as
indicated by the box-whisker plot. This reflects the natural variability of the non-induced
expression in each studied subject. In contrast to the control group, in the treated groups also
smaller variability was observed, possibly supporting the evidence for induced suppressing

effect on the individual expression.
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Figure 7: Significant down-regulation for CAPN3 between control and treated samples. Box-whisker
plot show the expression ratio between the normalised expression of the timepoint 90 and baseline.
The horizontal line inside the box indicates median and the box indicates the interquertile range. The
full point indicates mean. The whiskers indicate the maximum and minimum and the squer indicates
outliers. The calculation of the outliers is based on the box-whisker rule saying that a outlier is a point
which falls more than 1.5 times (weak outlier) or 3 times (strong outlier) the interquartile range above
the third quartile or below the first quartile.

In m. quadriceps the control samples already showed an expression with a high statistical
spread in the significantly regulated candidate genes what mirrors natural differences between
gene expressions in the individuals. This spread reduced in the treatment groups, showing a

suppression of the individual expression differences induced by the treatment.
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Figure 8: Significant down-regulation for IGFBP3 between control and treated samples. Box-whisker
plot show the expression ratio between the normalised expression of the timepoint 90 and baseline.
The horizontal line inside the box indicates median and the box indicates the interquertile range. The
full point indicates mean. The whiskers indicate the maximum and minimum and the squer indicates
outliers. The diamond indicates weak outliers. The calculation of the outliers is based on the box-
whisker rule saying that a outlier is a point which falls more than 1.5 times (weak outlier) or 3 times
(strong outlier) the interquartile range above the third quartile or below the first quartile.

Both the down-regulation of CTSL and IGFBP3 can be interpreted as first anabolic effects of
the treatments in the muscle tissue. In the protein metabolism of the muscle CTSL expression
characterises muscle wasting and IGFBP3 can inhibit the interaction of IGF1 and IGF1R
which are important factors of muscle growth [84, 85, 86, 87]. With the down-regulation of
both genes a positive effect on the protein anabolism and growth in the muscle can be
supposed.

Down-regulations of CAPN3 could only be seen in conditions related to disuse and
denervation of the muscle, an age-related phenomenon [88, 89, 90]. The animals were held in
cages what could mirror the disuse of the muscle and explain the decrease of CAPN3 in the

muscle tissue.
First influences of the treatments on the protein metabolism and the muscle growth could be

seen via the significant expression of CTSL, CAPN3 and IGFBP3. These genes can be taken

as the first biomarkers for a gene expression pattern of anabolic steroids.
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3.3 Studies on human tissues

3.3.1 Cell culture experiments

RNA concentration and RNA integrity

Samples of the cell culture of the male donor showed higher mean+S.D. total RNA
concentrations (86.2+41.2 ng/ul) than the samples of the cell culture of the female donor
(51.4+8.3 ng/ul). In both cell cultures Stanozolol samples showed the highest concentrations
(76.8+22.5 ng/pl; 144.7£35.1 ng/pl).

Samples taken after 6h treatment were analysed as mean reference for the RIN value. Mean
RIN values were higher in the cell culture of the male donor (8.6, stanozolol; 9.9,
testosterone; 7.5, nortestosterone; 8.4, clenbuterol) than in cell culture of the female donor

(8.8, stanozolol; 8.1, testosterone; 5.0, nortestosterone; 5.1, clenbuterol).

Primer design

Not all of the tested primer pairs showed satisfactory results in melting curve analysis and in
agarose gel electrophoresis. FasL, ERa, ERP, Caspase 3 primer pairs were successfully
established in human muscle and therefore also tested in human HFDPC. For these genes no
specific product could be measured in HFDPC and also new designed primer pairs did not
show a specific product. It can be supposed that these genes were not expressed in HFDPC.
Therefore the results from these genes were not taken for statistical analysis. All other genes

were taken for further calculations.

GROUP IDENTITY SEQUENCE 5 —» 3’ BP | AT ACC.NR.
°C
apoptosis CAPNS8 FOR | TGG CACTGATGG ACAGGAG 230 250 : NM001228
REV | GCA GAA AGT CAG CCT CAT CC
FasR FOR | TTC TGC CAT AAG CCC TGT CC 174 | 60 NMO000043
REV | CCACTT CTAAGCCATGTCCTTC
Bcel-xl FOR | TAAACT GGG GTCGCATTG TG 145 | 60 NM138578
REV | TGG ATC CAAGGC TCT AGG TG
Bcl-2 FOR | GAGGATTGTGGCCTTCTTTGAG | 170 | 60 NMO000633
REV | ACAGTT CCA CAA AGG CAT CCC
growth GHR FOR | ATCCAC CCATTG CCCTCAAC 246 | 60 NMO00163
factors REV | ATC TCA CAC GCACTT CAT ATT CC
IGF1R FOR | CATTTC ACC TCC ACC ACC AC 151 | 60 NMO000875
REV | AGG CAT CCT GCC CAT CAT AC
IGFBP3 FOR | CACAGATAC CCAGAACTTCTCC | 227 | 60 M35878
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REV | CCATACTTATCCACACACCAGC
IGFBP5 FOR | GAG CTG AAG GCT GAAGCAGT 177 | 55 ENST0233813
REV | GAATCC TTT GCG GTC ACAATT
cell cycle Cyclin D1 FOR | AAC AAG CTC AAG TGG AACCTG G | 170 | 60 NM053056
REV | CAT GGA GGG CGG ATT GGA AAT
Cyclin E FOR | CTATCC TCC AAAGTTGCACCAG | 259 | 60 AF518727
REV | CAA GGC AGT CAA CAT CAA GGA
enzymes HSD17b1 | FOR | TGG ACG TCT TGG AGC TTT GTG 233 | 58 ENS0225929
REV | CAG ATC TGT CTG GGT CAG CA
SRD5A1 FOR | CTT GAG CCATTG TGC AGT GT 166 | 58 ENST0233239
REV | GCCTCCCCTTGG TATTTT GT
SRD5A2 FOR | TGAATACCCTGATGG GTG GT 181 | 60 ENST0233139
REV | GGA AAT TGG CTC CAG AAA CAT A
hair FGF2 FOR | AGAAGA GCGACCCTCACATC 237 | 60 M27968
metabolism REV | ACT GCC CAG TTCGTT TCAGT
FGF7 FOR | CCT GAG CGA CAC ACA AGA AG 167 | 60 M60828
REV | GCCACT GTCGCTTCCTTATT
FGF1R FOR | GAAGTT CAAATG CCC TTC CAG 215 | 58 ENST0310729
TG
REV | CCAGCT GGT ATG TGT GGT TG
FGF2R FOR | CAG AGA CCAACG TTC AAG CA 196 | 58 ENST0336553
REV | GAG GAA GGC ATG GTT CGT AA
HGF FOR | CTGGTT CCC CTT CAATAG CA 171 | 58 ENST0222390
REV | CTC CAG GGC TGA CAT TTG AT
NT5 FOR | AGG CTG ATA ACG CTG AGG AAG 105 | 60 NM006179
REV | CAT AGG ACT GCT TGG CCT TG
steroid AR FOR | TTGTCCATCTTGTCGTCTTCGG | 237 | 60 L29496
receptors REV [ TGT CCA GCA CAC ACT ACACC
GR FOR | TTC TGC GTC TTC ACC CTC AC 159 | 60 AHO002750
REV | CTG TCT CTC CCATATACAGTCC
reference UBC FOR | TGA AGA CTC TGA CTG GTA AGA 128 | 60 NM021009
CC
genes REV | CAT CCA GCA AAG ATC AGC CTC
GAPDH FOR | GAA GGT GAA GGT CGG AGT CAA 233 | 60 NM002046
REV | GCT CCT GGAAGATGG TGA TG
ACTB FOR | AGTCCTGTGGCATCCACGAAAC 78 60 NM01101
REV | GCAGTGATCTCCTTCTGCATCC

Tabel 11: Primer sequences of genes analysed in HFDPC and hair follicle samples. Amplicon lengths
(BP) and annealing temperatures (AT) are listed. Not all genes could be measured in the experiments
because of the limited RNA amount.

gRT-PCR and gene expression regulations in HFDPC

The results of the qRT-PCR runs showed high variations between the replicates (>1.5 cycles)
for the testosterone, nortestosterone and clenbuterol treatment. It can be supposed that the
rather low total RNA amount of several samples was the reason for the high variations in the
Ct values. To avoid speculations and false-positive results only the constant Ct values of the

stanozolol treatment were taken for further statistical analysis.
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Gen expression analysis within one treatment time point (4ACt)

In both cell cultures AR showed a significant down regulation at 24h and FasR an up-
regulation at 6h. In the cell culture of the female donor the 71% down regulation of AR was
seen in the 1nM concentration (p-value=0.047), in the cell culture of the male donor with 35%
in the 100nM concentration (p-value=0.014). FasR was up-regulated at 6h for 10nM
concentration in the cell culture the female donor (55%, p-value=0.023) and in the cell culture
of the male donor (720%, p-value=0.049). Additionally FGF7 was down-regulated at Oh in
the 100nM concentration (85%, p-value=0.009) and 10nM concentration (65%, p-
value=0.046) and at 6h in the 100nM concentration (94%, p-value=0.03) in the cell culture of
the female donor. In the cell culture of the male donor SRD5A2 (6h, p-value=0.028) and
FGF2 (Oh, p-value=0.010) showed a significant down-regulation of 83% and 15%in the

100nM concentration.

Gen expression over treatment time (2-Way-Anova)

With the 2-Way-Anova one significant correlation of Caspase 8 to treatment concentration
and treatment time could be calculated in the cell culture of the female donor. Caspase 8 in
the 1nM concentration was significantly different from all other concentrations and

significant differences between Oh to 6h and Oh to 48h could be measured for this gene.

Stanozolol

time treatment
AR 0.751 0.312
FasR 0.137 0.057
FGF2 0.203 0.471
FGF7 0.374 0.959
IGFIR 0.095 0.181
Caspase8 0.028 0.010

Tabel 12: P-Values of 2-Way-Anova calculations of treatment and treatment time points. Caspase 8

showes significant differences between the treatment groups and the treatment time points (p-value<
0.05).

In both cell cultures AR and FasR showed the similar regulation under stanozolol treatment at
the same treatment time point. FasR additionally showed same regulations at the same
concentration. Therefore, AR and FasR could be taken as first biomarkers for a gene

expression pattern of stanozolol treatment.
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Figure 9: Significant gene expression regulations in the cell culture of the female donor. The ratio was
calculated by 2*“ whereby the control was set 1 (upper control line). Data are depicted in bars +
standard deviations. Red asterisks (*) mark the significantly regulated target genes.
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Figure 10: Significant gene expression regulations in the cell culture of the male donor. The ratio was
calculated by 2*“' whereby the control was set 1 (upper control line). Data are depicted in bars +
standard deviations. Red asterisks (*) mark the significantly regulated target genes.
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A first hint that also the growth phase of the hair follicle influences gene expressions could be
seen in the different regulations of FGF2 and FGF7 in the untreated samples in both cultures.
FGF7 is known to induce the growth phase (anagen phase) in the hair follicle, whereas FGF2
could be taken as its antagonist by inhibiting the morphogenesis [48]. In the cell culture of the
female donor FGF7 was significantly down-regulated what would show that these cells were
taken from a hair follicle in the catagen phase. In the cell culture of the male donor FGF2 was
significantly down-regulated, indicating the anagen phase. Several studies identified this
factor in the hair follicle but this was the first time that also an expression in the hair papilla
could be measured [45, 46, 47].

The significant regulations of FasR and Caspase 8 in the cell culture of the female donor
showed first influences on metabolic pathways. The regulation of both factors could indicate a

possible influence of stanozolol on the extrinsic way of apoptosis.

In this study AR and FasR were identified as first biomarkers for a gene expression pattern for
stanozolol treatment. Caspase 8 and FGF2 and FGF7 were not significantly regulated but
expressed in the hair papilla what makes the steroid receptor, apoptosis and hair cycle group
to interesting functional groups for further analysis. Physiological influences can be supposed
in the apoptosis and hair growth regulation. The results of this study were taken for further

analysis in hair follicle samples.
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3.3.2 Hair follicle experiments

Histological stains

Histological stains of plucked hair follicle samples clearly showed that cells of the root
sheath, especially the outer root sheath could be gained and used for RNA extraction without
taking a skin biopsy. It was not possible to gain the hair papilla by plucking as expected

because it remains to build up a new hair shaft.

Figure 11: Slice of the plucked hair with the hair shaft (1) and outer root sheath cells (2) which are
clearly outlined by perifollicular sheath cells (3), stained in blue.

RNA concentration and RNA integrity

Mean total RNA concentration of all samples of the first study was 67.5£52.0 ng/ul, in the
second study 102.5+80.1 ng/pl.

In the first study six male and six females samples were taken for mean RIN analysis that was
4.4. In study two the control and treated samples showed a mean RIN of 7.0.

The total RNA extraction of the hair follicle samples of the second study was done directly

after the plucking, in the first study samples were first frozen in liquid nitrogen, stored at
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-80°C for some days until extraction was done. The freezing seems to damage cells so that
RNA is partly destroyed or degraded, what results in a lower RNA yield.
This explains the differences in the RNA concentrations and RIN values between the samples

of the first and the second study.

Primer design

The primer pairs designed for all measured target genes were first established in human hair
follicle dermal papilla cell samples or primate muscle tissue. Like in the HFDPC, ERa and
Caspase 3 did not show specific results in melting curve analysis. AR, FGF2, SRD5A2 and
Caspase 8 also showed no specific products even though the genes were measured in HFDPC.
It is supposed that these genes were not expressed in the hair follicle cells, what is possible
because it is known that androgens act via the hair papilla and induce gene expressions in the
hair follicle afterwards.

In the first study the reference genes GAPDH and UBC and in the second study the reference
genes ACTB and UBC had constant expression levels and could be taken for statistical

calculation.
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Results and discussion of gRT-PCR and gene expression regulations in hair follicles

Following target genes were measured in the hair follicle experiments:

TG Study 1| Study 2
AR x x
ERa x x
GR v
FGF7 n.m. v/
FGF2 x n.m.
Caspase 8 x x
FasR v v
Bcl-2 v n.m.
SRD5A2 x n.m.
IL1PB v n.m.

Tabel 13: Target genes measured in both hair follicle experiments. Study 1 included male and female
samples; in study 2 samples of treated and untreated men were measured. n.m. means not measured
target genes, v' showed specific products and * showed unspecific products in the PCR run. All TG

with a ¥ were not taken for statistical analysis.

FGF7 only showed a specific product in the treated samples of study two, in the control

samples the melt curve analysis showed no specific peak.
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Figure 12: For FGF7 a specific PCR product could only be seen in the treated samples (orange), not in

control samples (green). On the x-axis the temperature in °C and on the y-axis the first derivative of

the melt curve is shown.
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In study 1 no significant differences between gene expressions in the female and male
samples could be identified.

In the second study a first androgen dependent effect on the gene expression could be seen for
FGF7. Looking at the specific melt peak of treated and untreated hair follicle samples (Figure
12), FGF7 was only expressed in the treated samples (mean Ct = 23.9 cycles). Additionally
GR was significantly down-regulated (41%; p-value=0.02) in the treatment samples. It is
known that androgens can bind and act via the GR what induced the significant regulation in
this study. The expression of IL1[3 and Bcl-2 in the first study and FasR in both studies in the
inner and outer root sheath of the hair follicle could be approved. [46, 91, 92].

These results show first promising differences between treated and untreated samples, a
precondition for the development of a possible screening method for anabolic agents. FGF7
GR, IL1p, Bcl-2 and FasR were identified as first potential biomarkers for anabolic agents in
hair follicle samples. Different gene expressions between HFDPC and hair follicle samples
were expected because it is known that androgens act via the hair papilla and influence factors
in the hair follicle afterwards [93, 94, 95, 96, 97]. Therefore the hair papilla would be the
more promising tissue for gene expression analysis. Because it can not be taken by plucking,
only by skin biopsy, it is not suitable as potential doping control tissue. This would only be
possible with the hair follicle samples but further studies are necessary to show if the

influences of AAS in this tissue are still strong enough to induce constant gene expressions.
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Conclusion

4. Conclusion

All the various studies that are included in this thesis clearly show that qRT-PCR seems to be
a highly specific and sensitive method to analyze gene expressions in various tissues and
species. The most important part of a study and therefore precondition of a successful data
analysis is sampling, RNA extraction and purification in the beginning of the experiment.
Especially in samples with low RNA yield, a high RNA quality is important for good results.
In all experiments the relative quantification of gene expression was done, using reference
genes for normalization. This method is accepted for gene expression analysis but bears the
risk that the chosen reference genes are also significantly regulated. Therefore it is extremely
important to proof the non-regulation of the reference genes to avoid false interpretations.

To search for relevant target genes in the beginning of the study using literature shaped up as
a very efficient approach in tissues like the uterus and muscle. Here the influence of AAS was
often investigated and most of the selected target genes could be amplified and showed
significant regulations. In some tissues, e.g. the hair follicle the influence of anabolic agents
might not be established as well as in the uterus or the muscle. For such tissues a pre-analysis
of target genes using a hybridisation microarray could be helpful.

The experiments also showed that it is more promising to choose tissues that are directly
influenced by anabolic hormones, such as the uterus. Here the regulations of the biomarkers
showed very high expressions differences. It is recommended that further animal studies to
identify biomarkers for treatment with anabolic agents should be done in primary sexual
organs, e.g. the uterus, testis, prostate, sperm, or in blood. This is also applied for the human
system but here only very few tissues can be taken for such analysis, e.g. blood or hair. The
blood seems to be an auspicious tissue because it can easily be taken in every species and
higher gene expression regulations can be expected under the influence of anabolic agents.
Taking the hair for such analysis, the hair papilla would be more promising than the hair
follicle.

The aim to identify biomarkers, showing same regulations under a specific treatment in
various tissues could partly be obtained because biomarkers have to be optimized for each
tissue. Also factors like the health status, nutrition or environmental conditions seem to
influence gene expression regulations. This should be kept in mind when gene expression
regulations are interpreted. The number of animals or samples taken for further studies has to

be much higher to make organism specific differences as low as possible.
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Conclusion

Summarizing all biomarkers for a treatment pattern of anabolic agents that were found in the
different tissues, the steroid receptors, protein metabolism factors and apoptosis factors seem
to be universal biomarkers, expressed in every tissue and species. Also tissue specific
biomarkers, such as the adipolysis factors in the liver, the muscle proteins in the muscles and
the glycolysis factors in the uterus, could be identified.

It also seems that the treatment with AAS results in a general suppression of the natural,

individual gene expressions.
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Figure 13: List of identified biomakers for a treatment pattern of anabolic agents in the different
tissues. ¥ shows a down-regulation, T an up-regulations, one arrow shows p-value<0.05, two
arrows show p-value<0.01. ¥ means that no significant expression could be calculated (no
control group) but these target genes were also expressed in the tissue and could be taken as
possible biomarkers. TG colored in blue were significantly regulated under androgen
treatment, in green under estrogen treatment and in purple under gestagen treatment.
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Conclusion

Physiological effects of AAS are supposed to influence the extrinsic apoptosis pathway. In
this signal cascade several factors were significantly up-regulated and anti-intrinsic factors

down-regulated (Figure 14).
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FasR T
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Procaspase 8 —*

Cytochrome C

C
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e

Caspase 37T
l mitochondrium

APOPTOSIS

Figure 14: Signalling pathway of apoptosis. Genes coloured in red are part of the extrinsic way and
were significantly regulated in all treated tissues.

This thesis showed that the analysis of AAS via gene expression biomarkers is possible in
specific tissues and could be used to identify physiological changes in the organism. First
steps toward a screening pattern for anabolic agents could be done. The development of a
universal, bovine screening pattern is not recommended because the biomarkers have to be
optimized for each specific tissue. It should be possible to use the identified tissue specific
biomarkers in different species. Modifications of the apoptosis pathway, the glycolysis, the 3-
oxidation and protein metabolism seem to show first metabolic effects of AAS in the

organism.
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Conclusion

It has to be pointed out that all studies done for this thesis were feasibility studies and first
steps toward a possible new screening method. Further studies are necessary to find more
biomarkers for a screening pattern of anabolic agents and to identify complete metabolic
pathways.

The ambitions for the future should be the identification of specific gene patterns for

functional groups of anabolic agents in one tissue, in order that abuses can be uncovered.
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Abstract

With this feasibility study a first step towards a new monitoring system for hormonal treatments was done. Screening of regulation and function
of anabolic sex steroids via modified gene expression of mRNA in various tissues could be a new approach to trace treatments with unknown drugs
or newly combined cocktails.

In the study, uterus, liver and muscle tissue from 24 cycling heifers were taken after the animals were treated either with Melengestrol Acetate
(MGA), Finaplix-H® (200 mg Trenbolone Acetate) or Ralgro® (36 mg Zeranol) for 56 days. In every treatment group always two heifers were
given 1-fold, 3-fold and 10-fold doses of the standard preparation, the control group without any treatment consisted of two animals. The different
tissue gene expression profiles were investigated via the candidate gene approach. Totally 57 candidate genes were selected according to their
functionality by screening the actual literature and composed to functional groups: angiogenesis, apoptosis, cell cycle, endocrine factors, energy
metabolism, inflammatory factors, muscle function, oncogenes, protein metabolism and transcription factors. Gene expression was measured using
quantitative real-time RT-PCR (qRT-PCR) technology.

From 24 tested candidate genes in the liver, 17 showed a significant regulation. Eight genes were influenced by MGA, 9 by Finaplix-H®, and 4
by Ralgro®. For the muscle tissue 19 genes were tested with the result that in the neck muscle 11 genes were regulated and in the hind limb muscle
8 genes. In the neck 5 genes were affected by MGA, 6 by Finaplix-H® and 3 by Ralgro®. Only 2 genes were influenced by MGA in the hind limb
muscle. Finaplix-H® affected 6 and Ralgro® 4 genes. In the uterus 29 target genes were tested and 13 were significantly influenced by the anabolic
sex steroids. Under Finaplix-H® treatment eight target genes were regulated and Ralgro® and MGA showed a significant regulation in four target
genes.

The highest gene expression changes under anabolic treatment were observed in the uterus. The analyzed genes showed significant regulations
but further studies, testing different animal husbandry conditions will be needed to identify meaningful expression patterns for the different tissues.

With the investigation of the regulation and possible function of anabolic sex steroids via gene expression, a preparatory work for the development
of an expression pattern for drug screening was made.
© 2006 Elsevier B.V. All rights reserved.
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transcriptase polymerase chain reaction

1. Introduction

In Canada, the USA and other countries, the use of xenobiotic,
anabolic sex steroids in farm animals is licensed. Melengestrol

Abbreviations: AM, arithmetic mean; bp, base pairs; CP, crossing point;
DNA, desoxyribonucleic acid; for, forward primer; RIN, RNA integrity num-
ber; qRT-PCR, quantitative reverse-transcription polymerase chain reaction; rev,
reverse primer; RG, reference gene; mRNA, messenger ribonucleic acid; CG,
candidate gene
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acetate (MGA), trenbolone acetate (TBA) and zeranol are used
to induce better growth rates, reduce fat thickness, and receive
leaner animals with more meat [4,18,24,30]. In the EU the
registration and application of anabolic hormones is forbidden
because of potential health risks for the consumers [13].

MGA is taken to improve feed efficiency and growth while
suppressing the ovulation and inducing endogenous estradiol
[15,29,37]. TBA is active after hydrolysis to trenbolone-17beta.
It also acts as anti-glucocorticoid and provokes synthesis of
myofibrillar proteins in muscle. Trenbolone binds to the andro-
gen receptor with a higher affinity than dihydrotestosterone, to
the progestin receptor and even to the glucocorticoid receptor
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[28,40,41]. Zeranol is derived from the mycotoxin zearalenone
and provokes higher absorption rate on the regular nutrition level
in heifers and improves growth rates of cattle [22].

Applying the anabolic agents, changes in the biochemical
pathways are notified in organs and tissues. Specific enzymes,
receptors and cytokines can be activated or suppressed on the
cellular mRNA expression level. Using appropriate specific
and sensitive quantification methods, like quantitative real-
time RT-PCR, such mRNA expression changes are measur-
able.

The aim of this feasibility study was to show how anabolic
sex steroids, like MGA, TBA and zeranol act in different
bovine tissues via mRNA expression of different target genes.
The discovered, regulated target genes could then function as
biomarkers for the design of characteristic expression patterns of
anabolic agent groups. Gene expression from the following can-
didate gene groups were investigated: angiogenesis, apoptosis,
cell cycle, endocrine factors, energy metabolism, inflammatory
factors, muscle function, oncogenes, protein metabolism and
transcription factors.

2. Experimental
2.1. Animal experiment

Groups of six Holstein—Friesian heifers were treated either
orally with 0.5 mg MGA or with the implant preparations of
Finaplix-H® (200 mg Trenbolone Acetate; Hoechst Roussel Vet,
Sommerville, USA) or Ralgro® (36 mg Zeranol; Mallinckrodt
Veterinary Inc., Mundelein, USA). According to the manu-
facturers instruction, the implants were administered to the
middle third of the pinna of the right ear. In every treatment
group always two heifers were given 1-fold, 3-fold and 10-fold
doses of preparation, the control group without any treatment
consisted of two animals per group. The heifers were aged
between 12 and 16 month with a mean weight of 320 £ 57 kg
[12,15,24,36].

2.2. Sample collection

After 56 days treatment all heifers were slaughtered, tis-
sue samples were taken and stored at —80 °C until total RNA
extraction.

2.3. Total RNA extraction

200mg of frozen tissue was homogenized in 4 M guani-
dinium thiocyanate buffer to destroy RNase activity. For the
extraction of the RNA an AGS clean protocol was used
(AGS RNA-Clean, AGS, Heidelberg, Germany). The prin-
cipal of this protocol was phenol/chloroform extraction for
total RNA. To quantify the amount of total RNA extracted,
absorbance was measured with the photometer (Eppendorf
Biophotometer, Hamburg, Germany) for each sample. RNA
purity was calculated with the 260/280 absorbance ratio. All
working solutions were diluted to a concentration of 10ng
RNA pL~ 1.

2.4. Analysis of RNA quality

RNA integrity and quality control was performed with
the Bioanalyzer 2100 (Agilent Technology, Palo Alto, USA).
Eukaryotic total RNA Nano Assay (Agilent Technology) was
taken for sample analysis and the RNA integrity number (RIN)
served as RNA quality parameter. Agilent Bioanalyzer 2100 cal-
culated the RIN value based on a numbering system from 1 to
10 (1 being the most degraded profile, 10 being the most intact)
for all samples [13,31].

2.5. Selection of target genes

Target genes, factors and enzymes were selected if supposed
to play an importantrole in the anabolic pathways of the analyzed
tissues. Following candidate genes were chosen by screening the
respective literature.

Endocrine factors consist of the different hormone recep-
tors like the androgen receptor (AR), the estrogen receptors
(ERa, ERpB), the growth hormone receptor (GHR), the pro-
lactin receptor (PRLR), the insulin receptors (IRe, IRB), and the
glucocorticoid receptor (GRa). The insulin-like growth factor
(IGF-1), its receptor (IGF-1-R) and its binding protein (IGF-
BP3) also belong to this group [28].

The investigation of all factors, which are included in pro-
teolysis and protein synthesis is of interest because of the
anabolic function. To this protein metabolism group belongs
cathepsin L (CTSL), cathepsin B (CTSB) and calpastatin
(CAST), calpain (CAPN3) and tyrosin-amino-transferase (TAT)
[21,23,32,34,42,43,45].

The group of muscle function includes the fiber proteins actin
and its isoforms (ACTA1, B-actin) and myosin with its isoforms
(MYHC-2x) [38,47,48].

In adipocytes, anabolic hormones induce lipolyis, what
results in several candidate enzymes such as enoyl-coA-
hydratase (enoylCoA) or acyl-coA-dehydrogenase very long
chain (ACADvI) [39].

The enzyme creatinkinase (CK) plays an important role in
the regeneration of ATP. Glycolysis is a major pathway in the
muscle and hexokinase (HK) plus lactate-dehydrogenase (LDH)
are involved. Together with aconitase, key enzyme of the citric
acid cycle, these genes are summarized as energy metabolism
group [49].

Cyclin-dependend kinase (CDK?2), cyclin A and cyclin D1
are factors of the cell cycle regulation and induce muscle growth
[3,25]. Myostatin, a member of the TGF-[3 family is an antago-
nist of this regulation [6].

RNA expression is influenced by different transcription fac-
tors, like c-fos protein (c-fos) or c-jun protein (c-jun) [5].

It is supposed that anabolic agents also affect angiogen-
esis. The vascular endothelial growth factors (VEGFs) and
their receptor (FLK-1), the fibroblast growth factors (FGFs),
angiopoetin (Angptl, Angpt2), the matrix metalloproteinases
(MMP1,2,14) and their inhibitors (TIMP1,2) are members of
this functional group.

The influence of anabolic agents on pro-inflammatory
response and reactions is still unclear. Tumor necrosis factor-o
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(TNF-o), interleukin-1@ (IL1-B) and cyclo-oxygenase 2 (Cox2)
belong to this group.

Factors which are involved in cell death regulation like Fas-
L, Caspase3 and bcl-x1 were summarized in the apoptosis group
[17,19].

Hormones are associated with certain kinds of cancer, espe-
cially in the liver. Factors that are supposed to play a role in
hepatocellular carcinoma are pS3 (tumor suppressor protein) and
v-myb and were summarized as oncogenes [7,11,26,33,50].

All selected target genes were composed to functional groups
in Table 1.

2.6. Primer design and primer testing

All primers were designed using published nucleic acid
sequences of GenBank (http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi). Primer design and optimization was done with
HUSAR program at DKFZ (http://www.genius.embnet.dkfz-
heidelberg.de/menu/w2h/w2hdk{z/) with regard to primer dimer
formation, self-priming formation and primer annealing tem-
perature (60 °C). Primer sequences of regulated genes are
summarized in Table 1. New designed primers were ordered
and synthesized at MWG Biotech (Ebersberg, Germany).
Primer testing was performed with 4 random samples and
a negative control (RNAse free water) for each primer
set.

2.7. One-step quantitative RT-PCR

Quantitative real-time RT-PCR was performed using Super-
Script III Platinum SYBR Green One-Step qPCR Kit
(Invitrogen, Carlsbad, USA) by a standard protocol, recom-
mended by the manufacture. The master mix was prepared as
follows: For one sample 5 pL 2x SYBR Green Reaction Mix,
0.5 wL forward primer (10 pmol pL~1), 0.5 wL reverse primer
(10pmol wL~") and 0.2 uL SYBR Green One-Step Enzyme
Mix is used. 6.2 pL of the master mix was filled in the special
25 uL tubes and 1 ng wL~! total RNA in 3.8 pL volume was
added. Tubes were closed, placed into the Rotor-Gene 3000 and
Analysis Software V5.0 was started (Corbett Life Science, Syd-
ney, Australia). The following RT-PCR protocol was used: hold
step I (55 °C, 10 min), denaturation step (95 °C, 5 min), cycling
program (95 °C, 155;60°C, 30 ;68 °C, 20 s) hold step I1 (40 °C,
20s) and melting curve analysis. Crossing Points (CP) and
melting curves were acquired by using the “comparative quanti-
tation” and “melting curve” program of the Rotor-Gene analysis
software.

2.8. Agarose gel electrophoresis

All real-time RT-PCR products from primer testing were
applied on a high resolution agarose gel and electrophoresis
was conducted at 90 V for 30 min. Agarose gel was then pho-
tographed under UV-excitation to enable analysis of fragment
size, band intensity and integrity (gel data not shown).

2.9. Data analysis and statistics

Quantitative real time PCR data were processed apply-
ing relative quantification method using the A ACP-method
(244€P) [27]. Expression changes are shown as relative up-
or down-regulation compared to three internal reference genes.
For normalization of target gene expression the arithmetic
mean (AM) of the following non regulated reference genes
(RG) were taken: (RG1) glyceraldehyde-3-phosphate dehydro-
genase (GAPDH), (RG2) B-actin and (RG3) ubiquitin. For
every sample gene expression of all three RG were ana-
lyzed and the mean value served as reference gene index.
The measurement of the reference genes showed a signifi-
cant up-regulation of GAPDH in muscle tissue and of (3-actin
under the influence of MGA the uterus tissue. Only the left
two reference genes (ubiquitin and B-actin in muscle; ubig-
uitin and GAPDH in the uterus) were taken for normal-
ization.

In Excel (Microsoft, USA) the regression of AACP on treat-
ment dose was calculated in a linear regression model for MGA,
Finaplix-H® and Ralgro® over all target genes. Significance
minimum was P <0.05.

In the first step of the A ACP-method the crossing point of
the AM of the reference genes (RG) was subtracted from the
crossing point (CP) of the candidate gene. From the so calculated
ACPs the mean value of the repeat determination was taken to
get the ACP of the treatment. From this ACP the mean value
of ACP of the non treated control was subtracted. The result
is the AACP value. In this calculation model the optimal PCR
efficiency, representing a DNA doubling after each cycle (E=2),
is assumed. Therefore the expression ratio of a candidate gene

compared to the control treatment of the analysis is expected as
2AACP.

ACP = CP(AM) - CP(candidate gene)
ACP (treatment) = mean ACP value of repeat determination
ACP controy = mean ACP value of control animals

AACP = ACP(treatment) - ACP(control)

3. Results
3.1. RNA integrity
In the liver, muscle and uterus the mean £ S.D. RIN val-

ues were 7.72 £0.69,7.57 & 1.24, and 7.26 £ 1.81, respectively
(box plots shown in Fig. 1).

3.2. Primer testing and gel electrophoresis

Primer pairs of 57 genes were used for qRT-PCR analysis to
get single peaks and uniform melting curves, as well as a specific
single bands in agarose gel electrophoresis.
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Table 1
Primer sequences of analyzed target genes with primer length (bp) and analyzed tissue (L =liver, M = muscle, U = uterus, for =forward primer, rev = reverse primer)
Group Primer 5'-3 Size (bp) Tissue
Angiogenesis Angpt 1 for TTC CTC GCT GCT ATT CTG ACT 194 U
Angpt 1 rev TGA CAG CAC TCT CAT GCT GTC
Angpt2 for AAT TCA GT CTC CAA AAG CAG C 234 6]
Angpt2 rev TCC ACC CGT TTC CAT GTC
FGF2 for AGC CTT GCA ACT CTG CTT GT 210 U
FGF2 rev CGA ATT CAG ATC CCT CCT GA
FGF7 for CTG CCA AGT TTG CTC TAC AG 294 8]
FGF7 rev TCC AAC TGC CAG GGT CCT GAT
FLK-1 for GCT TCT ACC AGG ACACTG ACAT 144 8]
FLK-1 rev AAC ACG GAATCACCACCACAGTT
MMP1 for GAG GAG ACG CTC ATT TTG ATG 235 U
MMP1 for ACT GGC TGA GTG GGA TTT TG
MMP?2 for CCC AGA CAG TGG ATG ATG C 237 8]
MMP2 rev TTG TCC TTC TCC CAG GGT C
MMP14 for ACT TGG AAG GGG GAC ACC 232 6]
MMP14 for AGG GGG CAT CTT AGT GGC
TIMP1 for CAT CTA CAC CCC TGC CAT G 231 6]
TIMPI rev CAG GGG ATG GAT GAG CAG
TIMP2 for GGG TCT CGC TGG ACA TTG 255 U
TIMP?2 rev TTG ATG TTC TTC TCC GTG ACC
VEGEF all for CCG TCC CAT TGA GAC CCT G 6]
VEGF120 rev CGG CTT GTC ACA ATT TTT CTT GTC 280
VEGF164 rev GCC CAC AGG GAT TTT CTT GC 278
VEGF188 rev TGC CCC TTT CCC TTT CCT C 296
VEGF for GGT GGA CAT CTT CCA GGA GTA 177 M
VEGEF rev CTA TGT GCT GGC TTT GGT GAG
Apoptosis bel-xl1 for GGC ATT CAG CGA CCT GAC 203 L,U
bel-x1 rev CCA TCC AAG TTG CGA TCC
Casp3 for GCA ACG TTT CTA AAG AAG ACC ATA G 64 U
Casp3 rev CCA TGG CTT AGA AGC ACA CAA ATA A
Fas-L for CAT CTT TGG AGA AGC AAA TAG 205 LU
Fas-L rev GGA ATA CAC AAA ATA CAG CCC
Cell cycle CDK2 for CTC ATC GAG TCC TGC ACC G 183 M
CDK2 rev GTA GTA TTT GCA GCC CAG AAG G
Cyclin A for GCT ATC CTC GTG GAC TGG TTA 159 M
Cyclin A rev AAG CAT AGC AGC AGT GCC CA
Cyclin D1 for GAA GAT GAA GGA GAC CAT CCC 190 M
Cyclin D1 rev TTG TTC TCC TCT GCC ACT GG
Myostatin for GCC TGT CAA GAC TCC TGC GA 173 M
Myostatin rev TGT TTG AGC CAG TTC TGC AAC AC
Endocrine factors AR for CCT GGT TTT CAA TGA GTA ACC GCA TG 172 M, U
AR rev TTG ATT TTT CAG CCC ATC CAC TGG A
ER alpha for AGG GAA GCT CCT ATT TGC TCC 234 M, U
ER alpha rev CGG TGG ATG TGG TCC TTC TCT
ERbeta for GAG ATA TTC TTT GTG TTG GAG TTT 242 U
ERbeta rev CTT CGT GGA GCT CAG CCT GT
GHR for CCA GTT TCC ATG GTT CTT AAT TAT 136 LU
GHR rev TTC CTT TAA TCT TTG GAA CTG G
GR alpha for TTC GAA GAA AAA ACT GCC CAG C 190 LM
GR alpha rev CAG TGT TGG GGT GAG TTG TG
IGF1 for CCA AAG GCC AGA CCT ACT TG 180 LM, U
IGF1 rev TCC TCA GAT CAC AGC TCC GA
IGF1-R for TTA AAA TGG CCA GAA CCT GAG 314 LU
IGF1-R rev ATT ATA ACC AAG CCT CCC AC
IGF-BP3 for ACA GAC ACC CAG AACTTCTCCT 202 LM, U
IGF-BP3 rev AGA AAC CCC GCT TCC TGC C
IR alpha for TCC TCA AGG AGC TGG AGG AGT 89 L
IR alpha rev TTT CCT CGA AGG CCT GGG GAT
IR beta for TCC TCA AGG AGC TGG AGG AGT 111 L
IR beta rev TAG CGT CCT CGG CAA CAG G
PRLR for AAG GAA GGA GAA ACA CTC ATC CA 203 L
PRLR rev AGG TTT GCA GGA GGC TCT G
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Group Primer 5'-3 Size (bp) Tissue

Energy metabolism ACAD vl for ACT TTG ACG GAG TAC GGG TG 198 L
ACAD vl rev CAA AGT TGT GAA TTT TCT CCC C
Aconitase for CAT CCG AGT TGG TCT GAT TG 188 U
Aconitase rev ACA TCC CTC AGG ATC TGT G
CK for ATG ACA GAG CAG GAG CAG CA 183 M
CK rev ATG GAG ATG ACT CGG AGG TG
Enoyl-CoA for GCT GCT GTC AAT GGC TAT GC 202 L
Enoyl-CoA rev ACC AGT GAG GAC CAT CTC CA
HK for CAA GAC GCA CCC ACA GTA TCC 211 M, U
HK rev TCA CCT CCA GCAGCATITCCTT
LDH for GTG GCT TGG AAG ATA AGT GG 155 M, U
LDH rev ACT AGA GTC ACC ATG CTC C

Inflammatory factors Cox2 for CCT GAT GAC TGC CCA ACAC 162 L
Cox2 rev AAA TTG ATG GGT GAA GTG CTG G
IL1 beta for TTC TCT CCA GCC AACCTT CAT T 198 L
IL1 beta rev ATC TGC AGC TGG ATG TTTCCA T
TNF alpha for TAA CAA GCC GGT AGC CCA CG 256 L
TNF alpha rev GCA AGG GCT CTT GAT GGC AGA

Muscle function ACTAL1 for TAT TGT GCT CGA CTC CGG CGA 160 M, U
ACTALI rev GTC ACG AAG GAG TAG CCA CG
MYHC-2x for GAT CAA TGC TGA GCT GAC GG 173 M, U
MYHC-2x rev CAA TGG TTT CAT CCA GAC CTG C

Oncogenes p53 for GAC TTC TCT CGG CGC CTA CC 191 L,U
pS3 rev TGG TGC ACT CAG AGT CGA TC
v-myb for TCA CGT CCC ATA TCC TGT AGC 170 L
v-myb rev CCT GTC CTT TGA GTT CGT TCT CA

Protein metabolism CAPN 3 for GAC TGG AGC TAT GTG GAC AAG 179 M
CAPN 3 rev GTC CAA GTC TGA AGC TTG TCG
CAST for GAT CAG AAG TGC TGC TCC A 206 L
CAST rev GGA CTG TTT CCT CAT CTT ACC
CTSB for GAT CTG CAT CCA CAG CAA 192 L,M, U
CTSB for ATG GAG TAC GGT CTG CAA CC
CTSL for CAC TGG TGC TCT TGA AGG ACA 183 L,M, U
CTSL rev TAA GAT TCC TCT GAG TCC AGG C
TAT for ACC CTT GTG GGT CAG TGT TC 167 M
TAT rev ACA GGA TGG GGA CTT TGC TG

Transcription factors c-Fos for GCT CCA GGC GGA GAC AGA 302 L
c-Fos rev AGG GTG AAG GCC TCC TCA GA
c-jun for TCA ACG CCT CGT TCC TCC 278 L
c-jun rev CTC ATC TGT CAC GTT CTT GGG GCA

Reference genes beta Actin for AAC TCC ATC ATG AAG TGT GAC 202 LM
beta Actin rev GAT CCA CAT CTG CTG GAA GG
GAPDH for GTC TTC ACT ACC ATG GAG AAG G 197 L, U
GAPDH rev TCA TGG ATG ACC TTG GCC CAG
Ubiquitin 3 for AGA TCC AGG ATA AGG GAA GGC AT 198 L, M, U
Ubiquitin 3 rev GCT CCACCTCCAGGGTGA T

Others CyP1AL1 for CCG ACCTCT ACAGCTTCAC 181 L
CyP1Al rev GCC TCC TTG TTC ACA TGC TC
CALR for TTG ACA ACA GCC AGG TGG AG 192 L
CALR rev CAG GTT TCT TAG CAT CAG GGT C

3.3. Gene regulation in liver

Seventeen of the 24 tested target genes were significantly
regulated in liver tissue. Under MGA-treatment, 6 genes were
up- and 2 down-regulated. Finaplix-H® induced in nine genes
an up-regulation. Under Ralgro® 4 genes were up-regulated.
The increases or decreases of cycle number are shown in

Table 2.

3.4. Gene regulation in muscles

Of the 19 measured target genes, 11 were significantly reg-
ulated in the neck muscle and 8 in the hind limb muscle. MGA
induced an up-regulation of five genes in the neck muscle.
One gene was up-regulated and five were down-regulated under
Finaplix-H®. Ralgro® induced an up-regulation in two and a

down-regulation in one gene. In the hind limb muscle MGA
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Table 2
Expression changes in liver

Group Factor Treatment AACP  Significance

MGA
FINAPLIX 0.5
RALGRO

MGA

FINAPLIX 0.6
RALGRO

Energy metabolism EnoylCoA

ACADv1

sk

bel-x1 MGA
FINAPLIX
RALGRO
FasL MGA
FINAPLIX 04

RALGRO 14

MGA
FINAPLIX
RALGRO 14
MGA

FINAPLIX 0.9
RALGRO
MGA 0.4
FINAPLIX
RALGRO

MGA 0.8 -
FINAPLIX
RALGRO

MGA

FINAPLIX
RALGRO 0.9
GHR MGA 0.9 *
FINAPLIX 1.0
RALGRO

MGA

FINAPLIX 0.8
RALGRO

Cox2 MGA -1.3
FINAPLIX
RALGRO

MGA 0.5 *
FINAPLIX
RALGRO
MGA
FINAPLIX
RALGRO
MGA
FINAPLIX
RALGRO

MGA 0.7
FINAPLIX
RALGRO

v-myb MGA 18 -
FINAPLIX 1.5
RALGRO

MGA 1.2
FINAPLIX
RALGRO

Apoptosis

Endocrine factors IGF1

ok

IR alpha

IR beta

PRLR

GR alpha

Inflammatory factors  IL1 beta

sk

Protein metabolsim CAST
CTSB

CTSL 12

Oncogene factors pS3

Transcription factors ~ c-fos

Linear regression coefficients of dosages regressed on A ACP with correspond-
ing significance level. “P <0.05; “*P<0.01; “*"P<0.001.

RNA integrity numbers of analysed tissues

10
[]
Z 8
x
=
2
E 6 *
2
= ]
£ N
& 41 .
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Fig. 1. Results of bioanalyzer based RNA integrity rating across all treatments
and tissue samples.

and Finaplix-H® treatment induced an up-regulation in two
genes and four genes were additionally down-regulated under
Finaplix-H®. Ralgro® could up-regulate three genes and one
gene was down-regulated. All regulations are summarized in
Tables 3 and 4.

3.5. Gene regulation in uterus

Significant gene expression in uterus tissue was estimated in
13 of the 29 tested target genes. Under the treatment of MGA an
up-regulation of three genes and a down-regulation of one gene
was found. Finaplix-H® provoked an up-regulation of six genes,
two genes were down-regulated under this treatment. Under the
influence of Ralgro® only one gene was up-regulated, three
genes were down-regulated. A summary of the regulations is
shown in Table 5.

4. Discussion

The effects of three anabolic steroids were examined in four
different tissues via mRNA gene expression of specific target
genes with the aim to investigate metabolic pathways and to
find useful biomarkers.

The expression of all target genes was determined by
qRT-PCR, a technique, which allows a rapid and reliable quan-
tification of ribonucleic acids. By analyzing the CP of each gene
in each sample, very precise and exact results of the amount of
analyzed nucleic acids could be calculated [8].

The outcome of gene expression results is strongly influenced
by RNA quality. To exclude the possibility of degraded RNA,
all samples were measured using the lab-on-a-chip technology
of Agilent Bioanalyzer. The samples were analyzed by capillary
electrophoresis in a channel network, based on a nano chip. The
good results for RNA quality showed that RNA is stable and
intact over years by adequate storage [13,31].

The target genes showed very different regulations in the
functional groups and individual tissues and the number of ana-
lyzed genes was yet too less to have precise conclusions of the
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Table 3
Expression changes in neck muscle. Linear regression coefficients of dosages
regressed on A ACP with corresponding significance level

Group Factor Treatment AACP Significance

s

ACTA1 MGA 0.6
FINAPLIX —0.3
RALGRO

MGA

FINAPLIX —0.9

RALGRO

MGA 0.8 ¥
FINAPLIX
RALGRO
MGA
FINAPLIX
RALGRO
MGA
FINAPLIX —1.6
RALGRO

MGA
FINAPLIX
RALGRO  —0.5
MGA 0.5 *
FINAPLIX —1.0
RALGRO
MGA
FINAPLIX
RALGRO
MGA
FINAPLIX
RALGRO

MGA

FINAPLIX 03
RALGRO

LDH MGA

FINAPLIX —0.9
RALGRO

Muscle function

s

MYHC-2x

Cell cycle CDK2
Cyclin A

Myostatin

Endocrine factors ER alpha 0.7 -
GR alpha
IGF-1

IGF-BP3

Energy metabolism  HK

skt

*P<0.05; " P<0.01; " P<0.001.

specific pathways. The highest gene expression differences were
recognized in the uterus. The changes in mRNA levels can be
expected because this primary sexual organ is fundamentally
influenced by sexual hormones. Lower gene expression differ-
ences, but still significant, could be shown in liver and the two
muscles.

Although, at this stage the interpretation of the results seems
to be very difficult, but the first physiologic coherences and
potential biomarkers could be identified.

To discover the influence of the anabolic steroids on specific
metabolic pathways, the candidate gene expressions in the func-
tional groups under the influence of a specific anabolic agents
were analyzed with the following results.

4.1. Potential biomarker for MGA induced expression
pattern

First biomarkers for MGA treatment were found in the uterus,
in the angiogenesis group with metalloproteinase MMP2 (gelati-
nase A) that showed a significant down-regulation parallel to a
significant up-regulation of its inhibitor TIMP2. The collagenase

Table 4
Expression changes in hind limb muscle
Group Factor Treatment AACP  Significance
MGA
Muscle function MYHC-2x  FINAPLIX -1.0 *
RALGRO
MGA
Protein metabolism  CTSL FINAPLIX 0.8 *
RALGRO 0.9 o
MGA 15
Cell cyclus Cyclin A FINAPLIX
RALGRO
MGA
AR FINAPLIX —0.6 ¥
RALGRO
MGA 0.9
Endocrine factors GR alpha FINAPLIX —-1.1 o
RALGRO 0.6 *
MGA
IGF-1 FINAPLIX
RALGRO 1.0
MGA
HK FINAPLIX 0.4 *
Energy metabolism RALGRO —04 ’
MGA
LDH FINAPLIX —1.4 o
RALGRO

Linear regression coefficients of dosages regressed on A ACP with correspond-
ing significance level. P< 0.05; *P<0.01 H P <0.001.

MMP2 depends on the extracellular matrix destruction-related
molecules, like collagens and laminin. Especially MMP2
plays an important role in cell migration, inflammation and
metastasis and the use of synthetic inhibitors of MMPs to pre-
vent disease progression, is an attractive therapeutic strategy
[16,35].

In the liver MGA influenced the candidate gene expression
in the oncogene group. Studies proofed that tumor suppres-
sor protein p53 shows abnormalities in tumor cells [7,50]. The
significant down-regulation of p53 in this study could go on
line with this results. Additionally v-myc as oncogene was up-
regulated what could mirror a possible effect of MGA on the
development of hepatocellular carcinoma [44].

4.2. Potential biomarker for trenbolone acetate induced
expression pattern

Apoptosis is a regulated process leading to programmed cell
death, induced by a variety of factors. The central effector in the
cascade is Caspase 3, which can be activated via an extrinsic and
an intrinsic pathway [10]. Fas-L is one of the stimulating factors
of the extrinsic pathway. In our study an increase of Fas-L and
Caspase 3 could be seen in the uterus under the influence of
TBA. In the liver Fas-L was also increased and bcl-x1 showed
an up regulation under the same treatment. It can be supposed,
that TBA induced the extrinsic pathway of apoptosis and not the
intrinsic, but once again further factors have to be analyzed to
confirm this hypothesis.
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Table 5
Expression changes in uterus

Group Factor Treatment AACP  Significance

ACTA1 MGA
FINAPLIX

RALGRO -1.1

MGA
FINAPLIX 1,4
RALGRO

MGA -1.5
FINAPLIX
RALGRO
MGA
FINAPLIX
RALGRO
MGA
FINAPLIX —6.1
RALGRO

Muscle function

Protein metabolism CTSL

Angiogenese MMP2

TIMP2 22

Angpt 2

s

MGA

FINAPLIX 11
RALGRO

MGA

FINAPLIX -3.8
RALGRO
MGA
FINAPLIX
RALGRO

MGA
FINAPLIX

RALGRO —6.6
MGA 3.0
FINAPLIX 09 -
RALGRO

MGA 12
FINAPLIX 24
RALGRO 12
MGA

FINAPLIX

RALGRO —0.9
MGA

FINAPLEX 1.6
RALGRO

Endocrine factors AR

ER beta

IGF-BP3
25

Energy metabolism HK

Aconitase

Apoptosis Fas-L
bel-xl

Caspase 3

Linear regression coefficients of dosages regressed on A ACP with correspond-
ing significance level. “P <0.05; “*P<0.01; “" P <0.001.

The decrease of muscle protein expression (ACTA1, MYHC-
2x) in muscle and the uterus under the influence of TBA was
not expected because of the supposed anabolic effect. Anabolic
agents are expected to retain nitrogen so that it is additionally
available for muscle protein synthesis, but only under the treat-
ment of the gestagen MGA an increase of a-actin was noticed
is the muscle. A possible explanation might be our analysis of
iso-forms in qRT-PCR because various a-actin and myosin iso-
forms are abundant (y-actin: smooth muscle, MYHC2a), so that
these factors could be affected by anabolic agents.

In the muscle the candidate genes of the energy metabolism
group, HK and LDH showed an inverse regulation under the
treatment of TBA. HK was up-regulated, LDH down-regulated
and in the uterus aconitase was up-regulated what would point
out an increased glycolysis and citric acid cycle without an

anaerob utilization of glycose. This result is approved by the
influence of TBA on EnoylCoA and ACADvI in liver. Both
genes were significantly up-regulated and confirm the lypolysis
stimulation of anabolic steroids.

CTSL, factor of the protein metabolism was increased in all
tissues under all three treatments. CTSB was only increased in
liver under the influence of TBA.

In the kidney of rats, an increased of CTSB under estradiol
treatment was found, with the inverse effect under testosterone
treatment [23]. Studies with CTSL knockout mice have shown,
that it is involved in the epithelial cell differentiation in the skin
hair, hair follicles and the bone [32,46]. The increasing effect on
proteolytic factors was not expected but other studies suppose
that CTSL, CTSB and calpains not directly influence the protein
decomposition but rather function as regulating factors [21,34].

All these specified candidate genes can be seen as first
biomarkers for a TBA screening pattern.

4.3. Potential biomarkers for zeranol expression pattern

Many studies have shown that IGF1 plays an important role
in muscle development and growth. Mouse lines lacking IGF1
were characterized by underdevelopment of muscle tissue [2].
The increase of IGF1 and IR in liver and IGF1 in muscle
showed the stimulating influence of zeranol on these endocrine
factors, approved in previous studies [1,9,14,20].

Also zeranol showed an influence on the gene expression in
the apoptosis group. In uterus and liver Fas-L was up-regulated
but bcl-x1 showed a down-regulation in uterus. Further genes of
the apoptosis pathway have to be analyzed to get a clear result
of zeranol regulation in apoptosis but anyhow these candidate
genes can be taken as first biomarker for a zeranol screening
pattern.

Not all functional groups and gene regulations were men-
tioned because until now the coherence between these candidate
genes would be a guess. More candidate genes depending to
these groups have to be analyzed to avoid speculations of pos-
sible pathways and regulations.

With regard to possible biomarkers, the uterus seems to be the
most adequate tissue for screening patterns because it showed
the highest expression coefficients.

As MGA-biomarker MMP2, TIMP2, p53 and v-myb could
be considered. A screening pattern for TBA could include Fas-
L, Caspase3, bcl-xl, ACTA1, MYHC-2x, HK, LDH, Aconitase,
EnoylCoA, ACADvI, CTSB and CTSL.

Biomarker for a zeranol pattern would be Fas-L, bel-x1, IGF1
and IRa.

Also the candidate genes of the endocrine group have high
potential to be included in such patterns but further analysis are
needed to get a clearer insight of their regulation under anabolic
treatment.

5. Conclusion
This feasibility study clearly showed that the analysis of gene

expression via qRT-PCR is a new and promising method to iden-
tify effects of anabolic agents in animal tissue. Especially the
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uterus with the highest expression differences, seems to be a
promising tissue.

Ithas to be pointed out that the study conditions like the breed,
age and nutrition of the animals, may affect in the expression
as well, so that additional experiments are required to find sta-
ble biomarkers and metabolic pathways that are unaffected of
surrounding conditions.

The ambitions for the future should be the identification of
specific gene patterns for groups of anabolic agents in order that
abuses can be uncovered.
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ABSTRACT

Real-time PCR has become an important tool for quantitative nucleic acids analysis. By now, a wide rang of real-time PCR
instruments; PCR plastic consumables and sealing systems are available. In this study both transparent and white plates
were taken to test possible position and plate effects on quantitative PCR results on different real-time platforms: ep realplex
(Eppendorf, Hamburg, Germany) and the iQ5 (Bio-Rad, Palo Alto, USA). Heat and adhesive sealing was used to compare sealing
systems. Heterogeneity in Ct values was calculated to show possible effects of plate type and sealing system. Heterogeneity in
amplification efficiency should show possible positional effects of 96-well plates.

White plates showed higher amplification efficiency because of higher fluorescence reflection. This had no significant effect on
the PCR efficiency but on the sensitivity of the quantification assay. Constant positional effects concerning wells, columns or

rows could not be detected.

Keywords: real-time qRT-PCR, position effects, plate type,
sealing system

Introduction

Polymerase chain reaction (PCR) has become an important
tool in molecular diagnostics, so also the range of products
for PCR analysis has increased (4). Nowadays various real-
time PCR instruments from different providers are available.
Two main instrument platforms exist, the plate (96-well, 384-
well) or rotor systems (32-well, 36-well, 72-well, 100-well).
Additionally the instruments have different light sources,
detection systems, thermocycling mechanism and software
).

Especially for the plate systems various plastics
consumables are available. From tubes to strips with caps,
96-well plates, 384-well plates, transparent or white, with
adhesive or heat sealing film, the customer has a wide range
of possibilities. White PCR plates are often recommended by
the manufacturers because of lower autofluorescence and to
achieve better quantification results (5).

It is known that positional effects on plates can appear
during a PCR run, which can occur between different wells,
columns or rows (7). This can increase the variation of
measured fluorescence and therefore significantly influence
the resulting PCR quantification.

In this study the effects of plate type and the sealing system
on qPCR results should be investigated. Additionally possible
positional effects on 96-well plates should be regarded. Two
types of 96-well plates (white and transparent) and different
sealing systems (self adhesive and heat sealing) were analysed
in different real-time PCR instruments: iQ5 (Bio-Rad, Hercules,
U.S.A) and ep realplex (Eppendorf, Hamburg, Germany) 96-
well platforms.
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A first experiment was done to show possible position
effects of a 96-well plate and to calculate heterogeneity of a
gPCR run. A second experiment was performed to show the
differences in qPCR efficiency between transparent and white
plates. In both experiments different sealing systems were used
to compare the differences between adhesive and heat sealing
films.

Material and Methods

Experiment 1

Position and plate effects were analysed using transparent and
white semi-skirted, 250pl, twin.tec PCR plate 96 (Eppendorf).
Plates were sealed using adhesive PCR film and heat sealing
film (Eppendorf). Real-time amplification and quantification
was done in the iQ5 (Bio-Rad) and in the Mastercycler ep
realplex (Eppendorf) systems. One biological sample was
measured in 96 replicates to evaluate the intra-run variability
(n=96), analysing one transcript. All measurements were
repeated in three plate replicates to evaluate the inter-run
differences (n=3).

Experiment 2

Influence of plate type was analysed in a second experiment,
using transparent and white semi-skirted, 200ul, Thermo-Fast
96-well PCR plates (ABgene, Surrey, UK). Plates were cut in
three-column peaces, wherefore both the transparent and the
white plate parts could be measured in parallel in one PCR run
(Fig. 1). Plates were sealed using adhesive PCR film (ABgene)
and real-time amplification and quantification was done in the
iQ5 real-time system (Bio-Rad). Each column included the
standard curve (S1-S6:107-107 copies), the unknown biological
sample (U) and a non template control (NTC, RNAse free
water). On one plate type the measurement was so repeated

1



six times (n=6) within one run. The experiment was repeated
three times (n=3).
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Fig. 1. Plate setup of experiment 2 for the measurement of transparent and
white plates in one run. Adhesive PCR film was taken for sealing. Baseline and
threshold adjustment was calculated for each column peace separately by the
1QS5 optical system software, version 2.0 (Bio-Rad). S1-S6 contain the standard
curve from 107 to 107 start copies, U represents the unknown biological sample
and NTC the non-template control consisting of RNAse free water. Column
setup was consistent over the entire plate.

Biological sample and standard curve

Total RNA was isolated from m. triceps of macaca fascicularis
using TriFast (peqlLab Biotechnologie GmbH, Erlangen,
Germany). The standardized protocol from the supplier was
used for the extraction. To quantify total RNA concentration,
optical density (OD) was measured with the Nanodrop (peqLab).
Total RNA integrity and quality control was performed with
the Bioanalyzer 2100 (Agilent Technology, Palo Alto, USA)
3).

For the standard curve of experiment 2 the RT-PCR product
of experiment 1 was collected. For DNA extraction and
purification Wizard SU Gel and PCR Clean-Up System from
Promega (Madison, USA) was used. DNA concentration was
measured with the Nanodrop (PeqLab) and the standard curve
down to 100 copies was generated.

Reverse transcription and quantitative PCR

Reverse transcription was done with 1pg total RNA using
5xRT buffer, dNTPs (10mM), random hexamer (50uM)
primers and 200 U/ul M-MLV Reverse Transcriptase, RNase H
minus (Promega, Madison, U.S.A). PCR was performed using
MESA GREEN gPCR MasterMix Plus for SYBR Assay No
ROX w/ fluorescein Kit (Eurogentec, Kdln, Germany). Total
PCR reaction volume was 15ul. In both experiments cathepsin
L (CTSL) transcript was quantified. Pipetting was performed
using the CAS-1200 robot and conductive pipette tips using
liquid level sensing (LLS) technology (Corbett Life Science,
Sydney, Australia).

Data analysis and statistics
In the iQ5 Ct-values and amplification data were analysed
using the Bio-Rad iQ5 optical system software, version 2.0

2

(Bio-Rad). Ct values were determined with “PCR Base Line
Subtracted Curve Fit” analysis method of the software, using
fluorescein normalized data.

In the ep realplex instrument data were analysed using
eppendorfrealplex software, version 1.5 (Eppendorf). Ct-value
was calculated using “Noiseband” algorithm of the instrument
software.

Calculation of amplification efficiency in experiment 1

In the first experiment amplification efficiency was calculated
as a value of the second derivative in its local discrete maximum
after the amplification data was smoothed with a sigmoid fit (8)
as follows.

a e —e *
f"(’-’)=F' 3
ﬂﬂn

[1+e s ]

a
S =y + el
=

l1+e

Where the a (plateau height), b (slope), n, (inflexion point of
curve), are the obtained parameters of the fitted smoothing
model. The natural logarithm base is described by e, n shows
the actual fluorescence number and Yy, shows the ground
fluorescence.

Calculation of PCR efficiency in experiment 2
In the second experiment PCR efficiency (E) of the qPCR
reaction was calculated by the instruments software, on the
basis of the slope of the standard curve and the equation:

E= 10-llslope - 1

Results and Discussion

Heterogeneity in Ct values in experiment 1

In both instruments the transparent, adhesive sealed plates
showed the highest Ct variations (Table 1). The iQ5 instrument
showed lower inter-run standard deviations (S.D=0.28)
within the different plate setups compared to the ep realplex
(S.D.=0.40);(p-value=0.302). This may be the advantage of
fluorescein normalized Ct data. For the iQ5 instrument the
use of special fluorescein kits is recommended to decrease
data variability. In other instruments ROX dye can be taken if
problems with high data variations appear.

Heterogeneity in amplification efficiency in experiment 1
No pattern or significant homogenous position effects (wells,
columns, rows) could be detected within the different runs and
instruments on the 96-well plates in experiment 1 (Fig. 2a,
2b).

The amplification efficiency (AE) was significantly higher in
the white plates than in the transparent plates (p-value=0.001),
due to the better fluorescence reflection in the white plates.
There were no significant differences between the amplification
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TABLE 1
Intra-run and inter-run variations were calculated for the Ct values and the amplification efficiency (AE). Additionally standard
deviations (S.D.) and coefficients of variation (C.V.) of all runs were determined for the iQ5 and the ep realplex for the transparent,
heat sealed plates, (hsEPD), the white, heat sealed plates (hsEPW), the transparent, adhesive sealed plates (asEPD) and the white,
adhesive sealed plates (asEPW).

iQ5
intra-run data intra-run data intra-run data inter-run data
Ct Ct S.D. |CV.(%)| Ct S.D. |CV.(%)| Ct S.D. |C.V. (%) Ct S.D. | C.\V. (%)
AE | AE S.D. |C.V.(%)| AE S.D. [C.V.(%)| AE SD. |CV.(%)| AE S.D. | C.V. (%)
hsEPD
Ct 26.35 0.20 0.75 24.60 0.15 0.60 24.56 0.16 0.65 25.17 0.17 0.67
AE 75.50 9.88 13.09 | 86.60 6.46 7451 73.90 5.74 7.77 78.67 7.36 9.36
hsEPW
Ct 26.38 0.16 0.62| 24.50 0.18 0.74 | 2445 0.32 1.31 25.11 0.22 0.89
AE |1213.60 | 82.02 6.76 |1375.20 | 80.55 5.86 | 1411.60 | 139.61 9.89 | 1333.47 | 100.73 7.55
asEPD
Ct 25.23 0.19 0.76 | 2525 0.79 312 25.12 0.69 2.74 25.20 0.56 2.21
AE 7320 | 10.09| 13.79| 72.10| 1440| 19.97| 7250 | 10.54| 14.54 72.60 | 11.68 16.08
asEPW
Ct 24.71 0.14 0.55| 25.17 0.19 0.74 | 25.15 0.17 0.67 25.01 0.16 0.65
AE |1261.70 | 79.62 6.31 (128520 | 84.74 6.59 [1246.20 | 98.89 7.94 | 1264.37| 87.75 6.94
EPW 25.06 0.19 0.77
EPD 25.18 0.36 1.44
hs 25.14 0.19 0.78
as 25.10 0.36 1.43
realplex
hsEPD
Ct 25.11 0.25 1.01 24.56 0.44 1.77 25.15 0.41 1.65 24.94 0.37 1.48
AE | 12230 | 25.00| 20.44| 120.30| 22.33 18.56 | 133.10| 27.01| 2029| 125.23| 24.78 19.79
hsEPW
Ct 24.10 0.48 1.98 | 23.95 0.38 1.57 | 22.49 0.17 0.76 23.51 0.34 1.44
AE |1911.30 | 354.10| 18.53|2013.10 | 345.81 17.18 |2410.42 | 162.89 6.76 | 2111.61 | 287.60 13.62
asEPD
Ct 23.36 0.52 223 | 23.71 0.70 296 | 23.83 0.33 1.40 23.63 0.52 2.20
AE | 181.55| 28.68 15.80 | 188.30 | 19.90| 10.57| 177.80| 24.79| 1394 | 18255| 24.46 13.40
asEPW
Ct 22.55 0.49 2.17| 22.60 0.34 1.50 | 22.99 0.23 1.00 22.71 0.35 1.56
AE | 3003.3 |211.679 7.05(2916.20 | 301.80 | 10.35|2897.60 | 218.88 7.55| 2939.03 | 244.12 8.31
EPW 23.11 0.35 1.50
EPD 24.29 0.44 1.84
hs 24.23 0.35 1.46
as 23.17 0.44 1.88
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Fig.e 2a/2b. Amplification performance on basis of the Ct values determined
with the 1Q5 instrument (Figure 2a) and with the ep realplex (Figure 2b), using
the transparent and adhesive sealed plate. Grey dashed circles show under-
expressed, black solid circles over-expressed fluorescence levels from the
plate mean expression. The size of the circles reflects the differences from the
mean. No homogenous position effects (columns, rows) can be recognised.

The amplification efficiency (AE) was significantly higher in
the white plates than in the transparent plates (p-value=0.001),
due to the better fluorescence reflection in the white plates.

| ® Standard 3 Unknown l

[
t=]

There were no significant differences between the amplification
efficiencies between the instruments, comparing transparent
and white plates (p-value =0.113: p-value . =0.098).

transparent

Heterogeneity in qPCR efficiency in experiment 2

The results of experiment 2 showed in average 5.2 fold higher
fluorescence levels (relative fluorescence unit) in the white
plates compared to transparent. To see if the higher fluorescence
level also induces higher qPCR efficiency, the standard curves
on white and transparent plates were regarded. No significant
differences between PCR efficiencies (p-value=0.437, n=0)
could be seen between transparent (E =97.5%) and white
(B, =96.0%) plates.

White plates showed higher slopes of the standard curve
(slope . .=-3.441) than transparent plates (slopelrampﬂrem-3.387);
(p-value=0.243). This effect induced lower PCR efficiencies
(Fig. 3).

The y-intercept, representing the theoretical threshold cycle
to detect one start molecule, trend to be significant between
plate types (p-value=0.078). Y-intercept of the white plates
was in average 1.109 cycles lower (y-intercept , =33.707
cycles) than in the transparent plates (y—interceptmspmm=34.8 16
cycles). Implementing the calculated mean PCR efficiencies of
the different plate types and the 1.109 cycles difference, an
increase in sensitivity by 2.75 fold (n-fold=1.9753%61/1,960%707)
could be indicated.

transparent

Therefore the higher autofluorescence of white plates has
benefical effects on qPCR sensitivity but not directly on qPCR
efficiency.

Handling

Experiment 2 with adhesive sealing film showed time by
time evaporated samples within one run mainly at the boarder
positions. The fixing of the sealing film at the plate boarders
with the use of a sealing rubber (ABgene, Surrey, UK) could
not avoid sample evaporation. Only the use of a special optical
compression pad (Bio-Rad) could keep the adhesive sealing
film on the plate.

To avoid evaporation of the samples and contamination of
the instrument heat sealing systems should be preferred. With

Threshold Cycle
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o
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Log Starting Quantity, copy number

96. 3% RA2=0.999 slope=-3.414 y-int=34.638
95.1% RA2=0.999 slope=-3.446 y-int=33.823
96.5% RA2=0.999 slope=-3.410 y-int=34.783
86.7% RA2=0.995 slope=-3.689 y-int=33.355

Fig. 3. Standard curves of experiment 2. SYBR (°) shows the mean efficiency calculation for column 1-3 (transparent), SYBR 1 () for column 4-6 (white),
SYBR?2 (+) for column 7-9 (transparent) and SYBR 3 (*) for column 10-12 (white), performed on the Bio-Rad iQ5 real-time cycler.
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the heat sealed plates in experiment 1, evaporation of samples
was not recognized in one of the samples.

Conclusion

Validity of the final experimental mRNA expression results
is dependent on the variability of the measurement system.
Total data variation appears in every experiment and consists
from error accumulation of the different experimental steps,
starting at sampling, storage, nucleic acid extraction, reverse
transcription, and quantitative qPCR. Possibilities to reduce
error accumulation in reverse transcription and qPCR were
already shown by Stéhlberg et al. (6).

In this study it was shown that also the selection of PCR
plastics consumables and sealing systems can influence data
variability and sensitivity of the quantification.

White plates showed higher amplification efficiency because
of higher fluorescence reflection. This had no significant effect
on the efficiency but on the sensitivity of the quantification
assay. White plates are helpful in detection and quantification
of low copy numbers in biological samples or when problems
with the PCR dye concentration occur.

The sealing system seems to influence the variability of
the quantification results. Adhesive PCR film sealing allows
evaporation during PCR cycling procedure, resulting in high
variations of Ct-values.

Regarding possible plate position effects, only single wells
showed over or under estimated values from mean amplification
efficiency but the expected border effects could not be shown
statistically. In the ep realplex the 96 single LED systems seem
to avoid these random effects, in the iQ5 the collection of well
to well differences in the beginning of the run seems to be the
crucial software tool.
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Abstract

Never before doping has been such a topic as it is today and the interests in more stringent
and periodic doping controls is very high. The existing doping tests are restricted to methods
based on mass spectrometry, analysing the drug in different tissues like urine, blood or hair.
The idea of this feasibility study in hair follicle was to test a possible new way of detecting
anabolic steroids, based on biomarker measurement for different anabolic agents. It is known
that anabolic steroids can influence mRNA expression of certain genes that results in
androgen specific effects. With specific biomarker expression patterns it should be possible
to foster the existing analysis methods. The hair follicle was chosen because it is known to
be influenced by anabolic steroids, and would be easy to be taken for doping controls.

The first aims were to develop a method which makes it possible to analyse gene
expressions in plucked hair follicle samples via quantitative real-time RT-PCR (qRT-PCR).
Additionally it should be analyzed which cell types of the hair follicle are taken by the
plucking procedure. In a first study samples from untreated women and men were taken to
find gender specific differences and in a second study also samples from weight lifters under
doping conditions could be taken and were compared with a control group. As biomarkers,
different androgen dependent target genes expressed in the hair follicle were analyzed: The
steroid receptor group including the androgen receptor (AR), estrogen receptor (ERa) and
glucocorticoid receptor (GR). Additionally the hair cycle factors, the fibroblast growth factors
FGF7 and FGF2 and interleukinl beta, (IL1B) were analyzed. FasLigand receptor (FasR),
Bcl-2, Caspases 3 and 8 were measured as apoptosis group. 5a- steroidreductase
(SRD5AZ2) represented the enzyme group. For a relative quantitation three reference genes
beta-actin (ACTB), glycerolaldehyde-3-phsophate-dehydrogenase (GAPDH) and ubiquitin
(UBQ) were taken. To show which part of the hair follicle was taken by plucking, the hair
follicles were haemalaun-eosin stained.

The h&malaun-eosin stain clearly showed that hair follicle cells from the root sheath could be
taken by plucking but without taking the hair bulb that includes the hair papilla. In the first
study no significant gender dependent differences in the regulation of the measured target
genes could be detected. In the second study a down-regulation of the GR could be
calculated in the treated hair samples and FGF7 was only expressed in treated samples.
These results show first promising differences between treated and untreated samples, a
precondition for the development of a possible screening method for anabolic agents. The
ambitions for the future should be the identification of specific biomarker patterns for

functional groups of anabolic agents, in order that abuses can be uncovered.

Key words: anabolic androgenic agents, hair follicle cells, quantitative real-time RT-PCR



Introduction

The various doping scandals of the cyclist, especially during the “Tour de France 2007”
clearly showed that doping is a big topic in competitive sport and doping controls need to be
more universal in detecting drug misuse. Beside doping methods that increase the oxygen
transport capacity in blood, especially the use of anabolic androgenic agents (AAS) is very
popular. These substances are supposed to increase muscle mass via nitrogen retention
resulting in a better performance (Hartgens et al., 2004; Kuhn 2002). The International
Olympic Committee (I0OC) has already banned the use of AAS by athletes in 1974 and
methods for detecting and identifying these substances are developed continuously. Most of
them are mass-spectrometry based, but there are still problems with the doping control
procedure. Tissues like urine, blood and hair are taken for these analyses. They are easy to
be collected and include the drugs or its metabolites. Taking the existing analysis methods
the question how to screen for unknown designer drugs and its metabolites remains open. It
would be helpful to have additional methods which broaden the existing screening spectrum
(Catlin et al., 1997; Schanzer 1996). The effects of xenobiotic steroids in the organism are
well documented and it is known that these testosterone analoga can act via mRNA
expression in the cell, influencing the expression of different genes (Reiter et al., 2006). In
the hair follicle androgenic hormones act via the dermal papilla but also initiate different
expression pathways in the cells of the inner and outer root sheath (Stenn and Paus 2001).
The idea of this feasibility study was to find a way to extract RNA from cells of hair follicle
samples obtained by plucking the hair of the androgen dependent frontal scalp. The
identification of different target genes could then be a possibility to identify a biomarker
pattern. Taking this androgen specific pattern the intake of illegal drugs like testosterone and
other xenobiotic steroids could be possible.

To make sure that cells of the hair follicle can be extracted by plucking the hair, histological
slices were gained and stained to identify the cell types of the hair follicle.

Possible biomarkers (target genes) which are known to be influenced by anabolic agents and
which are expressed in the dermal papilla or hair follicle were taken and separated in
functional groups: Different studies have mentioned the important role of estrogens in the
hair cycle, especially the estrogen receptor alpha (ERa) that mediates catagen induction of
17B-estradiol in the hair follicle. It could be detected not only in the dermal papilla cells but
also in matrix keratinocytes and inner and outer root sheath (Chanda et al., 2000; Ohnemus
et al., 2005). Two other important receptors of the AAS signaling pathways in the dermal
papillae are the androgen receptor (AR) and the glucocorticoid receptor (GR). Through the
binding to the receptors the androgens induce the mRNA expression of different genes
(Lachgar et al.; 1999; Karstila et al., 1994).



Factors that inhibit hair follicle growth are the fibroblast growth factor 2 (FGF2) which is
expressed in the hair follicle and interleukin 1 (IL1p) that is located in the epidermis and
cells of the root sheath. Fibroblast growth factor 7 (FGF7) is the antagonist and induces hair
follicle growth (Mitusi et al., 1997; Ota et al., 2002). Also apoptosis factors play a crucial role
in the catagen phase of the hair growth. Bcl-2 was found to be continuously expressed in the
hair papilla and plays a role as a support and signal center, and apoptosis related receptors
like FasR were analyzed in the follicle epithelium. Also other factors of the extrinsic apoptosis
pathway Caspase 3 and 8 were tested (Stenn and Paus 2001).

5a-reductase (SRD5A) is the enzyme that catalyses the transformation of testosterone to 5a.-
dihydrotestosterone, an androgen that is supposed to be a mediator of hair loss. Two
isoenzymes type 1 and type 2 exist whereas type 1 is mainly expressed in dermal papilla
cells, type 2 also in dermal fibroblast. Additionally 5a-reductase type 2 is restricted to beard
and frontal scalp (Itami and Inui 2005; Lachgar et al., 1999; Skalba et al., 2006).



Material and Methods

Hair follicle extraction

Frontal scalp hair follicle samples were taken from the androgen dependent upper part of the
head. In the first study five hair follicle samples were taken from women and five samples
from men to find possible gender specific differences. In the second study three samples
from weight lifters that are known to take different anabolic agents (testosterone, trenbolone)
could be taken and three hair samples from untreated man served as control.

To get the hair follicle, five to six hairs were penned in a clamp, plucked and cut to ca. 1 cm
length. The hairs were immediately given in a tube filled with lysis buffer (MasterPure RNA
Purification Kit, Epicentre Biotechnologies, Madison, WI, U.S.A.) and shock frozen in liquid
nitrogen. After freezing the samples were stored at -80°C. To extract the RNA from the hair
samples, the MasterPure RNA Purification Kit and protocol (Epicentre Biotechnologies,
Madison, WI, U.S.A.) was used.

To quantify the amount of the extracted total RNA, optical density (OD) was measured with
the photometer (Eppendorf Biophotometer, Hamburg, Germany). RNA purity was calculated

with the ODyggjpg0 ratio.

RNA quality

To get an idea about the RNA quality of the extracted total RNA, RNA integrity and quality
control was performed with the Bioanalyzer 2100 (Agilent Technology, Palo Alto, USA).
Samples from both studies were analyzed and taken as reference for an average RNA
quality. For sample analysis eukaryotic total RNA Nano Assay (Agilent Technology) was
taken and the RNA Integrity Number (RIN) served as RNA quality parameter (Fleige et al.,
2006).

Primer design and testing
All primers were designed using published nucleic acid sequences of Ensembl Genom

Browser (http://www.ensembl.org) and NCBI (www.ncbi.nlm.nih.gov). Primer 3

(http://frodo.wi.mit.edu/) was taken to design and optimize all prime pairs with regard to

primer dimer formation, self-priming formation and primer annealing temperature at 60°C
(table 1). Designed primers were ordered and synthesized at MWG Biotech (Ebersberg,
Germany). All selected target genes were first established in a cell culture study for HFDPC

(hair follicle dermal papilla cell) samples (Reiter et al., manuscript submitted).


http://www.ensembl.org/
http://www.ncbi.nlm.nih.gov/
http://frodo.wi.mit.edu/

Real-time qRT-PCR

Quantitative real-time RT-PCR was performed in the Rotor Gene 6000 (Corbett Life Science,
Sydney, Australia) using SuperScript Il Platinum SYBR Green One-Step gqPCR Kit
(Invitrogen, Carlsbad, USA) by a standard protocol. Samples were diluted to 10ng/ul and
50ng tRNA in 5pl (Invitrogen, Carlsbad, USA) was added to each sample to protect mRNA of
degradation. 38 ng total RNA were taken for one PCR reaction in a total volume of 10ul.
Crossing points (Ct) and melting curves were acquired by using the “quantitation” and
“melting curve” program of the Rotor-Gene 6000 analysis software.

Only genes with clear and single melting peaks were taken for further data analysis. Samples
with irregular melting peaks were excluded from the calculation. All samples were baseline
corrected and threshold was set manually, using same threshold levels for one gene in all

samples.

Histological stain and immunohistochemistry

Hair samples were incorporated in frozen section medium (Richard-Allan Scientific,
Kalamazoo, USA) and prepared using a cryostat mycrotom HM 505E (Micron, Walldorf,
Germany). 6 um slices of the hair follicles were fixed on the object holder with 100%, -30°C
frozen ethanol and stained in haematoxylin (Sigma, Germany) for 3 min. The histological
slices were blued with tap water, stained in 1% eosin (Sigma-Aldrich, Munich, Germany) for
7 min, washed with 50-100% ethanol and finally given in rotihistol (Sigma-Aldrich, Munich,
Germany). With EUKITT the cover slips were fixed on the object holder and hardened over
night.

Data Analysis and Statistics

Data were processed applying relative quantification method comparable to the AACt-method
(2°%°Y (Livak et al, 2001). For normalization of target gene (TG) expression the arithmetic
mean of the following non regulated reference genes (RG) were taken for the calculation of a
reference gene index (RGI): In study one (RG1) glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and (RG2) ubiquitin (UBQ), in study two (RG1) ACTB and (RG2) UBQ. For every
sample gene expression of the two RG were analyzed and the mean value served as
reference gene index.

In Excel (Microsoft, USA) all calculations were done. T-test calculations were used to find
gender specific regulations of the target genes. In study one only ACt could be calculated
because no control group existed. In study two AACt and the expression ratio could be

analyzed.



ACt
AACt = AC'[ - ACt (Control)

Ct (r6) — Ct (ra)

Ration = 224%



Results

Histological stain

Under the microscope the slices of the plucked hairs showed a clear hair shaft with
accumulated cells that are supposed to be epithelial cells from the root sheath, especially the
outer root sheath. The whole hair bulb is missing what was expected because by plucking

this part remains to build up a new hair (Figure 1).

RNA concentration and quality of hair follicle samples

Mean total RNA concentration of all samples of the first study was 674.6£520 ng,
741.4+546.6 ng in male and 676.8+509.7 ng in female samples. In the second study mean
RNA concentration was 1144+64.4 ng.

The measured RIN values showed and average value of 7.9 what is high enough to expect

good results in gRT-PCR.

PCR analysis of hair follicle samples

In the first study the reference genes GAPDH and UBQ and in the second study the
reference genes ACTB and UBQ were not significantly regulated and could be taken for
statistical calculation.

In the first study the target genes AR, ERa, FGF2, FGF7, IL1B, SRD5A2, FasR, Bcl-2,
Caspase 8 and 9 were measured, in the second study AR, ERa, FGF7, FasR, Caspase 3
and 8. AR, ERa, FGF2, SRD5A2. The melt curve analysis of AR, ERa, SRD5A2 and
Caspase 8 did not show a specific product. FGF7 only showed a specific product in the
treated samples of study two, in the control samples the melt curve analysis showed no

specific peak (Figure2).

Data analysis and statistics

In study 1 none of the measured target genes showed significant differences (p-value<0.05)
between the male and female samples in the first study. In the second study a significant
down-regulation of 41 % for the GR could be calculated (p-value=0.02). For FGF7 the treated
samples had a mean Ct of 23.9 cycles and a mean ACt-value of 4.88. This shows a lower

expression compared to the reference genes.



Discussion

Different studies have shown that anabolic agents influence hair growth through the dermal
papilla via regulation of different genes in males and females. The gene expression
regulations induced in the papilla also showed effects on growth factors of root sheath cells
(Obana et al., 2007; Randall et al., 1992; Robia et al., 2003). Analyzing these specific
regulations in hair follicle samples could be a new possibility to identify the intake of
forbidden anabolic agents like testosterone and other xenaobiotic.

Histological stains of plucked hair follicle samples clearly showed that cells of the root
sheath, especially the outer root sheath could be gained and used for RNA extraction without
taking a skin biopsy. This is a pre-condition for the use in doping analysis because sampling
has to be simple practicable. Samples from the androgen dependent part of the scalp (frontal
scalp hair) were taken to show possible gender specific differences in gene expression. It
was not possible to gain the hair papilla by plucking as expected. This could explain that AR,
ERa and SRD5A2, target genes that are known to be mainly expressed in the hair papilla
could not be detected.

To get hair follicle samples from weight lifters that own up to take anabolic agents is quite
difficult; therefore only three samples could be analyzed and taken for statistical analysis.
However, first significant differences between the treated and untreated samples could be
detected. A first androgen dependent effect could be seen in the expression of FGF7 that
could only be measured in the samples of the treated weight lifters, all untreated samples
from study one and two did not show a specific product in gqRT-PCR analysis.

It is known that androgens can bind and act via the GR what can be confirmed by the
significant down-regulation of the receptor in the second study.

The expression of IL13 and Bcl-2 in the first study and FasR in both studies in the inner and
outer root sheath of the hair follicle could be approved. (Karstila et al., 1994; Sohn et al.;
2007, Stenn and Paus 2001).

Summarizing, the development of a sampling and RNA extraction method for hair follicle
samples and the measurement of first target genes, could be successfully accomplished.



Conclusion

With this study a first step towards a possible new screening method for anabolic androgenic
agents via gene expression analysis could be done, with the aim to support existing, mass
spectrometry based detection methods. Plucking hairs and taking the RNA from the hair
follicle seems to be a practicable method to analyze different gene expression and find
specific biomarkers. A sampling and extraction method could be successfully developed and
first target genes could be analyzed. Differences in gene expression regulations between the
different genders could not be calculated. It seems that only very high androgen
concentrations significantly influence these gene regulations. This effect could be seen in the
expression of FGF7 and the significant regulation of GR only in samples of androgen treated
athletes, what makes these two target genes to first biomarkers of AAS.

These results show first promising differences between treated and untreated samples, a
precondition for the development of a possible screening method for anabolic agents. The
ambitions for the future should be the identification of specific biomarker patterns for

functional groups of anabolic agents, in order that abuses can be uncovered.
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Appendix
Table 1: List of successfully analyzed target genes and reference genes in the hair follicle

samples. Annealing temperature (AT) and the accession number in NCBI (Acces.Nr.) are
listed.

Figure 1: Slice of the plucked hair with the hair shaft (1) and outer root sheath cells (2) which

are clearly outlined by perifollicular sheath cells (3), stained in blue.
Figure 2: Melt curve of FGF7 in study 2 with the melt temperature on the x-axis and the first

derivative of the melt curve on the y-axis. Control samples (green) do not show a specific

product, treated samples (orange) show a specific melt peak at 83°C.
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Table 1

Amplicon

Identity Sequenz 5-3’ (nt) AT (°C) Acces. Nr.

IL1B FOR |GGA CAG GAT ATG GAG CAACAAG 121 60 NMO000576
REV | AAC ACG CAG GAC AGG TAC AG

FasR FOR |TTC TGC CAT AAG CCC TGT CC 174 60 NM000043
REV_ |CCACTT CTAAGCCATGTCCTTC

Bcl-2 FOR |GAG GATTGTGGCCTTCTTTGAG 170 60 NMO000633
REV | ACA GTT CCA CAA AGG CAT CCC

GR FOR |TTC TGC GTC TTC ACC CTC AC 159 60 AHO00275
REV |CTG TCT CTC CCATATACAGTCC

FGF7 FOR |CCT GAG CGA CAC ACA AGA AG 167 60 M60828
REV |GCCACTGTCGCTTCCTTATT

UBQ FOR |TGA AGACTC TGA CTG GTAAGACC 128 60 NM021009
REV | CAT CCA GCA AAG ATC AGC CTC

GAPDH FOR |GAA GGT GAA GGT CGG AGT CAA 233 60 NM002046
REV |GCT CCT GGAAGATGG TGA TG

ACTB FOR |AGTCCTGTGGCATCCACGAAAC 78 60 NM01101
REV | GCAGTGATCTCCTTCTGCATCC
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Abstract

Doping with anabolic agents is a topic in sports where strength is crucial, e.g. sprinting,
weight lifting and many more. Testosterone and its functional analogs are the drugs of choice
taken as pills, creams, tape or injections to increase muscle mass and body performance,
and to reduce body fat. Stanozolol (17B-hydroxy-17a-methyl-5a-androst-2-eno[3,2c]pyrazol)
is a testosterone analogue with the same anabolic effect like testosterone but its ring
structure makes it possible to take it orally. Therefore, stanozolol is one of the most
frequently used anabolic steroids.

Common verification methods for anabolic drugs exist, identifying the chemicals in tissues,
like hair or blood samples. The idea of this feasibility study was to search for specific gene
expression regulations induced by stanozolol to identify the possible influence of the
synthetically hormone on different metabolic pathways. Finding biomarkers for anabolic
drugs could be supportive of the existing methods and an additional proof for illegal drug
abuse.

In two separate cell cultures, human HFDPC (hair follicle dermal papilla cells) from a female
and a male donor were treated with stanozolol. In the female cell culture treatment
concentrations of OnM (control), 1nM, 10nM and 100nM were chosen. Cells were taken Oh,
6h, 24h and 48h after stimulation and totalRNA was extracted. Learning from the results of
the pilot experiment, the male cell culture was treated in 10nM and 100nM concentrations
and taken after Oh, 6h, 24h and 72h. Using quantitative real-time RT-PCR expression of
characteristics of different target genes were analysed.

Totally 13 genes were selected according to their functionality by screening the actual
literature and composed to functional groups: factors of apoptosis regulation were Fas
Ligand (FaslL), its receptor (FasR), Caspase 8 and Bcl-2. Androgen receptor (AR) and
estrogen receptor (ERa, ER) were summarized in the steroid receptor group. The growth
factor group included the insulin like growth factor receptor (IGF1R) and growth hormone
factor (GHR). Fibroblast growth factor 2 (FGF2) and keratinocyte growth factor (FGF7) were
summarized in the hair cycle factor group. 5a-Steroidreductases (SRD5A1, SRD5A2)
represented the enzyme group. Three reference genes were taken for relative
guantification: ubiquitin (UBQ), glycerinaldehyde-3-phsophate-dehydrogenase (GAPDH), -
actin (ACTB).

In cell culture 1 AR, FasR, FGF2 showed significant regulations within one treatment time,
significant gene expressions over time were analysed for Caspase 8. In cell culture 2 AR,
FasR and SRD5A2 were significantly regulated within one treatment time.

In this feasibility study first biomarker for a screening pattern of anabolic agents could be
identified providing the rationality to investigate modified, metabolic pathways in the whole

hair follicle.



Keywords: anabolic agents, hair follicle dermal papilla cells, gene expression, gRT-PCR,
MRNA



Introduction

Anabolic androgenic steroids (AAS) are misused by athletes because of their anabolic
properties. Main functions of AAS are stimulation of protein synthesis and an antiglucorticoid
effect which increases muscle mass and strength. They influence the central nervous system
and increase motivation and performance (Duntas et al., 2003; Hartgens et al., 2004;
Hickson et al., 1990; Griggs et al., 1989; Kuhn 2002). The International Olympic Committee
banned the use of synthetic AAS in 1974 by athletes but today doping is still a big topic in
almost all kinds of sport. The world anti doping agency (WADA) encourages drug testing
laboratories to develop methods to detect AAS like testosterone, 17p3-nortestosterone and
stanozolol that are the most frequently found steroids in doping samples (Kuhn 2002; Clasing
and Mueller 2006; Schénzer 1996). Common used methods in doping analysis are mass
spectrometry (MS) based techniques, that directly detect the AAS or their metabolites in
different tissues like urine, blood or hair samples. Especially the hair is a very interesting
tissue for drug residue analysis because hormones are detectable over a long time and the
samples are easily to collect by a non invasive manner (Gleixner et al., 1996; Catlin et al.,
1997; Thieme et al., 2000; Ayotte 2006; Anielskie et al., 2005; Gambelunghe et al., 2007).
The intake of AAS influences the organism in many different ways. It can be supposed that
these hormonally provoked changes in the metabolism can be seen on the level of MRNA
gene expression (Reiter et al., 2007). Taking the hair root to analyse these expressions it is
known that androgens act via the dermal papilla cells and influence different kind of growth
factors and enzymes (Stenn and Paus 2001).

The aim of this feasibility study was to investigate regulated target genes in hair follicle cells
to identify possible mRNA gene expression regulations aroused by stanozolol. Target genes
were selected in functional groups to facilitate the identification of possible biomarker for the

different hormones.



Materials and Methods

Reagent

The anabolic steroid stanozolol (S, 17B-Hydroxy-17a-methyl-androstano[3,2-c]pyrazole), was
received from Sigma-Aldrich (Taufkirchen, Germany) with cell culture grade purity. For
treatment the reagents was dissolved in 100% ethanol to a concentration 1mg/ml and diluted
with cell culture medium to 1nM, 10nM and 100nM.

Experiment
Two HFDPC (hair follicle dermal papilla cell) cultures, one from a female (cell culture 1) and
one from a male (cell culture 2) donor were treated in different concentrations with the

anabolic steroid stanozolol and taken at different treatment time points.

Cell culture 1

Human HFDPC were ordered from Cell Applications (San Diego, USA). Cells had been
cultivated from skin samples of the temple taken during plastic surgery at a 49 year-old,
female patient. After establishing a primary cell culture the cells were frozen in serum-free
freezing medium and sent cryopreserved (500,000 cells in 1ml). A ready-to-use HFDPC
Medium and Supplement Kit (Cell Applications, San Diego, USA) was taken to cultivate the
cells, containing Basal Medium, FCS (fetal calf serum), growth factors and antibiotics. For
sub cultivation served a kit containing HBSS (HEPES buffered saline solution), trypsin/EDTA
solution and neutralizing solution (Cell Applications, San Diego, USA).

The thawed cells were cultivated in collagen coated T-75 flasks (Cell Applications, San
Diego, USA) containing 15mlI HFDPC medium at 37°C in a humidified atmosphere of 5%
CO, and sub-cultivated at 85% confluence. Cells were frozen and stored at -80°C after each
splitting that was up to the sixth passage. For the experiment cells from third passage were
thawed, given into 12-well plates (ca. 3.4x10%well) and cultivated till 85% confluence. Cells
were cultured in triplicates with OnM (control-treatment), 1nM, 10nM and 100nM stanozolol
groups on each plate, sampling took place at Oh (control-time), 6h, 24h and 48h.

To remove natural containing steroids for all experiments the FCS was stripped by using

charcoal, as described by Darbre et al. (1983).

Cell culture 2

Human HFDPC cells were ordered from Promo Cell (Heidelberg, Germany). Cells had been
cultivated from skin samples of the temple taken during plastic surgery at a 40 year-old, male
patient. After establishing a primary cell culture the cells were frozen in serum-free freezing

medium and sent cryopreserved (500,000 cells in 1ml). A ready-to-use HFDPC Medium and



Supplement Kit (Promo Cell, Heidelberg, Germany), containing Basal Medium, FCS (fetal
calf serum), basic FGF and Insulin was additionally ordered to cultivate the cells. For sub
cultivation served a kit containing HBSS (HEPES buffered saline solution), trypsin/EDTA
solution and neutralizing solution (Promo Cell, Heidelberg, Germany).

Cells were cultivated in T-75 flask with 15ml Medium at 37°C in a humidified atmosphere of
5% CO, and sub-cultivated at 85% confluence. Collagen coating was not executed because
it was not recommended by the supplier. Cells were frozen and stored at -80°C after each
splitting that was up to the sixth passage. For the experiment the cells from third passage
were given into 12-well plates (ca. 3.4x10*well) and cultivated till 85% confluence. Cells
were cultured in triplicates with Oh (control-treatment), 10nM and 100nM stanozolol groups
on each plate, sampling took place Oh (control-time), 6h, 24h and 72h

For treatment, steroids were removed from FCS, as described by Darbre et al. (1983).

RNA extraction and RNA quality

Total RNA was isolated from HFDPC cells using TriFast (pegLab Biotechnologie GmbH,
Erlangen, Germany). The standardized protocol from the supplier was used for the
extraction. The principal of this protocol was phenol/chloroform extraction for total RNA.
Extracted RNA was dissolved in 10 pl RNAse free water. To quantify the amount of total

RNA extracted, optical density (OD) was measured with the photometer (Eppendorf
Biophotometer, Hamburg, Germany) for each sample.

RNA integrity and quality control was performed with the Bioanalyzer 2100 (Agilent
Technology, Palo Alto, USA). For sample analysis eukaryotic total RNA Nano Assay (Agilent
Technology) was taken and the RNA Integrity Number (RIN) served as RNA quality
parameter (Fleige et al., 2006, Schroeder et al., 2006). In order to the expected high quality
of the total RNA from cell cultures, only a set of selected samples from the 6h treatment was

measured as reference.

Selection of target genes

Target genes (TG) were selected according to their possible role in the anabolic pathways in
the hair follicle. Following TG were chosen as markers by screening the respective literature.
Because of the limited total RNA amount, TG were taken for analysis that seemed to be
highly influenced by steroids and could show possible gene expression regulations.

Factors of apoptosis regulation were Fas receptor ligand (FasL), Fas receptor (FasR),
Caspase 8 and the anti-apototic factor Bcl-2. Androgen receptor (AR) and the estrogen
receptors (ERa, ERB) were summarized in the steroid receptor group. The growth factor

group included the insulin like growth factor receptor (IGF1R) and growth hormone receptor



(GHR). Fibroblast growth factor 2 (FGF2) and keratinocyte growth factor (FGF7) were
summarized in the hair cycle factor group. 5a-Steroidreductases (SRD5A1, SRD5A2)
represented the enzyme group.

Ubiquitin  (UBQ), glycerinaldehyde-3-phsophate-dehydrogenase (GAPDH) and p-actin

(ACTB) were taken as reference genes for relative quantification method.

Primer design and testing
All primers were designed using published nucleic acid sequences of “Ensembl Genom

Browser” (http://www.ensembl.org) and NCBI (www.ncbi.nlm.nih.gov). Primer design and

optimization was done with primer design program primer 3 (http://frodo.wi.mit.edu/) with
regard to primer dimer formation, self-priming formation and primer annealing temperature at
60°C. Designed primers were ordered, synthesized and shipped by MWG Biotech
(Ebersberg, Germany). Primer testing was performed with a pooled RNA sample of several
hair samples, as positive control and RNAse free water as negative control (Qiagen, Hilden,
Germany) for each primer set. Generated PCR products were checked for length and primer
dimmer formation by an agarose gel electrophoresis. All primer sequences, their amplicon

size and annealing temperatures are illustrated in Table 1.

Real-time gRT-PCR

Quantitative real-time RT-PCR was performed at the Rotor Gene 6000 (Corbett Life Science,
Sydney, Australia) using SuperScript 1l Platinum SYBR Green One-Step gqPCR Kit
(Invitrogen, Carlsbad, USA) by using standard protocol of the supplier. Samples were diluted
to 10ng/ul. For mRNA protection, 50ng tRNA in 5ul (Invitrogen, Carlsbad, USA) were added
to each sample. 38ng of total RNA were taken for one PCR reaction in a total volume of 10pul.
Threshold cycle (Ct) and melting curves were acquired by using the “quantitation” and
“melting curve” program of the Rotor-Gene 6000 analysis software.

Only genes with clear and single melting peaks were taken for further data analysis. Samples
with irregular melting peaks were excluded from the calculation. All samples were baseline
corrected and threshold was set manually, using same threshold levels for one gene in all

samples.

Data Analysis and Statistics

Data were processed applying relative quantification method comparable to the AACt-method
(2%%Y (Livak et al., 2001). Expression changes are shown as relative up- or down-regulation
normalized by three internal reference genes. For normalization of target gene expression
the arithmetic mean (AM) of the following reference genes (RG) were taken: (RG1) GAPDH,
(RG2) ACTB and (RG3) UBQ. The mean values served as reference gene index (RGI). RG
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were excluded when showing significant regulation by treatment or time. This value was then
taken to do normalization and calculate the ACt by subtracting the Ct of the RG-Index (RGI)
from the Ct of the target gene (TG).

RGI (CE” culture l) =AM (CtACTB;CtGAPDH;CtUBQ)

RGI (cell culture 2) = AM (Ctgappn;Ctusa)
ACt = Ct (RGl) — Ct (TG)

In a second step the normalized gene expression values were set in relation to the control
group (AACY).

ACt (controitreatmenyy = Mean ACt value of control treatment

AACt = ACt (treatment) — ACt (control/treatment)

To show up- and down-regulations of the TG the ratio was calculated provided that DNA was
doubled per cycle (2*%Y.

Ratio = 244¢

Regulations over treatment time were calculated using a 2-Way-Anova with SigmaStat
Software. In Excel (Microsoft, USA) AACt was calculated and statistical analyses were done

by using the t-test. All data are illustrated by meanszstandard deviation (SD).



Results

RNA concentration and RNA integrity

Samples of the cell culture 2 showed a slightly higher mean RNA yield (832+209.9ng)
compared to the samples of the cell culture 1 (767.9£225.2ng). For the 6h treatment samples
average RIN values were quite similar in cell culture 1 (8.8+0.5) and in cell culture 2
(8.6+2.9).

Primer testing and PCR

From 19 designed and tested primer pairs three genes did not showed satisfactory PCR
results, concerning verifiability, melting curve analysis and in agarose gel electrophoresis.
Therefore, FasL, ERa and ERB were excluded from analysis. All other genes were accepted

for further calculations.

Gene regulation under Stanozolol treatment

Because the reference gene ACTB showed a significant regulation under stanozolol

treatment in cell culture 2, only GAPDH and UBQ were taken for RGI calculation.

Gen expression analysis within one treatment time point (4A4Ct)

In both cell cultures AR showed a significant down regulation after 24h and FasR an up-
regulation after 6h of stanozolol treatment. In cell culture 1 the regulation of AR was seen in
the 1nM concentration (p=0.047), in cell culture 2 in the 100nM concentration (p=0.014).
FasR was up-regulated at 6h for 10nM concentration in cell culture 1 (p=0.023) and cell
culture 2 (p=0.049). Additionally FGF7 was down-regulated at Oh (100nM, p=0.009, 10nM,
p=0.046) and at 6h (100nM, p=0.03) in cell culture 1, in cell culture 2 SRD5A2 (6h, 100nM,
p=0.028) and FGF2 (0Oh, 100nM, p=0.010) showed a significant down-regulation (figure 1,
figure 2).

Gen expression over treatment time (2-Way-Anova)

In the 2-Way-Anova one significant combination of Caspase 8 to treatment concentration and
treatment time could be calculated in cell culture 1. Caspase 8 in the 1nM concentration was
significantly different from all other concentrations and significant differences between Oh to

6h and Oh to 48h could be measured for this gene.



Discussion

In the present study it was tested weather the AAS stanozolol induces specific gene
expression regulations in HFDPC. Taking the indicated target genes, first potential
biomarkers for an expression pattern could be identified. As feasibility study the experiments
were done in cell culture to identify a set of target genes possibly interesting for further
analysis in human hair follicle samples.

As expected, all cell culture samples showed a very high RNA quality, a precondition for
good gRT-PCR results.

Significant regulations over the time period of treatment were supposed to show trends in
gene regulations. The separation in different functional groups could help to identify gene
dependent pathways in the hair papilla. Significant influences of stanozolol on gene
expression could be shown up to an incubation time of 24h. After this time the xenobiotic
steroid seems to have less influence on gene expressions. This kind of time dependent gene
expression regulations were also shown in other studies (Black et al. 1992, Schonfelder and
Einspanier, 2003). Most regulations could be seen at 10nM and 100nM. In both cell cultures
AR and FasR showed the same gene expression characteristics under stanozolol treatment
at the same time point of treatment. FasR additionally showed comparable regulations at the
same hormone concentration. This makes AR and FasR to the first biomarkers for a gene
expression pattern of stanozolol. This could show a first gender specific difference because
in the male cells the effects of the treatment seem to induce regulations earlier (6h) than in
the female samples (24h) (Melchert et al., 1992).

Next to the gender specific effects on gene regulation also the growth phase of the hair
follicle could influence the results. A first hind for this assumption could be the different
regulations of FGF2 and FGF7 in the untreated samples in both cultures. FGF7 is known to
induce the growth phase (anagen phase) in the hair follicle, whereas FGF2 could be taken as
its antagonist by inhibiting the morphogenesis (Stenn and Paul, 2001). In cell culture 1 FGF7
was significantly down-regulated what would show that these cells were taken from a hair
follicle in the catagen phase. In cell culture 2 FGF2 was significantly down-regulated,
indicating the anagen phase. Anyhow the significant regulation of FGF2 was a surprise
because several studies identified this factor in the hair follicle but not in the hair papilla
(Mitusi et al., 1997; Ota et al., 2002; Schlake et al., 2005).

The significant regulation of FasR and Caspase 8 in cell culture 1 showed first influences on
metabolic pathways. The regulation of both factors could indicate a possible influence of
stanozolol on the extrinsic way of apoptosis (Reiter et al., 2006).

The significant regulation of IGF1-R is supposed to be an effect of the HFDPC medium
because this was already analysed in different studies before (Philpott et al., 1994, Weger et
al., 2005, Tang et al., 2003).
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Conclusion

In this feasibility study first steps toward a new screening method via gene expression
analysis in hair follicle were explored. A set of 10 genes was tested in cell culture to identify
possible biomarkers and physiological influences of stanozolol in the hair papilla. Factors like
gender and growth phase of the hair follicle seem to influence gene expression patterns in
the cells. Additionally FGF2 known to be expressed in the hair follicle was identified in the
hair papilla. Anyhow AR and FasR can be taken as first potential biomarkers for a stanozolol
treatment pattern because they showed same regulations at the same time point in male and
female cell cultures.

In the future these measured target genes could be used for further analysis in hair follicle
samples taken from athletes to identify possible treatment with anabolic agents. This could
be supportive of the existing test methods in doping analysis and could be an additional proof

for illegal drug abuse.
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Table 1: List of used primer pairs, showing the length of the amplicon (nt), the melt

temperature (Tm) and the accession number of the sequence.

Figure 1: Significant gene expression regulations in cell culture 1. The ratio was calculated
by 2**“* whereby the control was set 1 (upper control line). Data are depicted in bars +

standard deviations. Red asterisks (*) mark the significantly regulated target genes.

Figure 2: Significant gene expression regulations in cell culture 2. The ratio was calculated
by ZAACt

standard deviation. Red asterisks (*) mark the significantly regulated target genes.

whereby the control was set 1 (upper control line). Data are depicted in bars +
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Table 1

Group Identity Sequence 5°-3° Amplicon |Tm |Acces. Nr.
(nt) (°C)
enzymes SRD5A1  |FOR|CTT GAG CCATTG TGC AGT GT 166 58 | ENST00000233239
REV |GCC TCC CCT TGG TATTTT GT
SRD5A2 | FOR | TGA ATA CCC TGA TGG GTG GT 181 60 | ENST00000233139
REV | GGA AAT TGG CTC CAG AAA CAT
A
growth GHR FOR | ATC CAC CCATTG CCC TCAAC
factors 246 60 |NMO00163
REV | ATC TCA CAC GCA CTT CAT ATT
CC
IGF1R FOR | CAT TTC ACC TCC ACC ACC AC 151 60 | NMO000875
REV | AGG CAT CCT GCC CAT CAT AC
hair cycle FGF2 FOR | AGA AGA GCG ACC CTC ACATC 237 60 | M27968
REV | ACT GCC CAG TTC GTT TCA GT
KGF/FGF7 | FOR | CCT GAG CGA CAC ACA AGA AG 167 60 | M60828
REV |GCC ACT GTCGCT TCC TTATT
apoptosis FasR FOR
factors TTC TGC CAT AAG CCC TGT CC 174 60 | NM000043
REV |CCACTT CTAAGC CATGTCCTT C
bcl2 FOR | GAG GAT TGT GGC CTT CTT TGA
G 170 60 | NMO000633
REV | ACA GTT CCA CAA AGG CAT CCC
Caspase 8 | FOR | TGG CAC TGA TGG ACAGGA G 230 60 | NM001228
REV | GCA GAA AGT CAG CCT CAT CC
steroid AR FOR|TTG TCCATC TTG TCG TCT TCG G
receptors 237 60 | L29496
REV | TGT CCA GCA CAC ACT ACA CC
reference UBQ FOR | TGA AGA CTC TGA CTG GTA AGA
genes CcC 128 60 | NM021009
REV | CAT CCA GCA AAG ATC AGC CTC
GAPDH FOR | GAA GGT GAA GGT CGG AGT CAA |233 60 | NM002046
REV | GCT CCT GGA AGATGG TGA TG
ACTB FOR | AGTCCTGTGGCATCCACGAAAC 78 60 |NMO01101

REV

GCAGTGATCTCCTTCTGCATCC
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Figure 1

Gene expression regulations in cell culture 1
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Figure 2

Gene expression regulations in cell cultrue 2
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Abstract

The focus of this study was to evaluate data on the gene expression profiles induced by
testosterone and a Selective Androgen Receptor Modulator (SARM, TAP Pharmaceutical
Products Inc., Lake Forest, USA) in androgen sensitive muscle tissue in order to get better
understanding on the molecular mechanisms of action and to identify biomarkers for
SARM function in primate organs.

24 male cynomologous monkeys were separated in four groups, a testosterone group, a
SARM1 and SARM10 group and a control group, each consisting of 6 animals. The
testosterone group was treated i.m. with 3.0 mg/kg Testostoviron®-depot-250 (Schering,
Berlin, Germany) every two weeks; the SARM1 and SARM10 group with 1 mg/kg or 10
mg/kg SARM LGD2941 daily, and the control group stayed untreated.

Muscle biopsies from m. quadriceps and m. triceps were collected at three timepoints,
baseline timepoint before SARM application (control) and on day 16 and finally on day 90
of treatment.

Thirty candidate genes were selected according to their functionality by screening the
actual literature and composed to functional groups: cell cycle, endocrine factors, energy
metabolism, muscle fibre proteins, muscle specific transcription factors, protein
metabolism and satellite cell biology. Biomarkers were identified as genes regulated from
baseline in any of the three treatment groups at day 16 or day 90 using ANOVA with
baseline defined as contrast group. From 23 tested candidate genes, 3 were significantly
regulated in m. quadriceps after 90 day treatment, in m. triceps no significant differences
could be identified. As first biomarkers CTSL, CAPN3 and IGFBP3 could be identified and
first physiological differences between control and treatment samples were discovered.
Both the testosterone and the SARM LGD2941 seem to have same effects after 90 day
treatment, so that a longer-term therapy with theses substances would be recommended.

Keywords: testosterone, selective androgen receptor modulator, expression profiling,
candidate gene approach, gRT-PCR



1. Introduction

Due to demographic changes in our population sarcopenia and frailty become major Ctics
in health care profession. Already 30% of those over 60 years are affected. Sarcopenia -
the loss of skeletal muscle mass and strength, in both man and women results in high
incidence of accidental falls and can compromise quality of life. Chronic, age related
afflictions like osteoporosis are linked to sarcopenia. The decrease in the production of
hormones such as testosterone, estradiol, growth hormone, insulin like growth factor 1 and
general decline in muscle protein turnover, as well as neuromuscular alterations, are the
major reasons for the appearance of frailty. This results in weakness, impaired mobility
and poor endurance, factors that lower independence and reduce the quality of life [5, 19,
26, 28].

The muscles are affected by the lower endogenous anabolic hormone levels and muscle
protein turnover. Studies have shown that muscle strength, muscle cross-sectional area
decreases and hypotrophy arises [7, 8, 16]. Androgen replacement therapies are the first-
line therapies for osteoporosis and frailty, not only for men also for women [1, 24].
Particularly for women the therapeutic uses of androgens do not only have beneficial
effects because numerous side effects exist [10, 11, 12, 13, 18].

A promising alternative for androgen replacement therapies, including osteoporosis and
frailty, could be the discovery of selective androgen receptor modulators (SARM). SARM
have the ability to mimic the central and peripheral androgenic and anabolic affects of
testosterone without having the negative side effects of the natural hormone [6]. Further
positive properties of now investigated SARM, like the oral activity, increase in muscle
mass and strength and increase in fat-free mass, are important factors for its use as
medicament [20, 22, 29].

Applying anabolic agents, changes in the biochemical pathways are notified in the organs
and tissues. Expression of specific enzymes, receptors and cytokines can be activated or
suppressed on the cellular mRNA expression level. Using appropriate specific and
sensitive quantification methods, such as the quantitative real-time RT-PCR, even minute
expression changes are measurable as a difference in the respective mRNA.

The aim of this study was to show how a SARM in comparison to testosterone may act in
muscle tissues via mMRNA expression of different candidate genes. Sufficient plurality of
regulated candidate genes may then serve as biomarkers to show molecular, myogenic

effects of the treatments.



2. Materials and Methods

2.1. Animal experiment

The animal husbandry and tissue collection were done by Covance Laboratories GmbH
(Munster, Germany). Groups of 6 male cynomologous monkeys (macaca fascicularis)
were either injected i.m. with 3.0 mg/kg Testostoviron®-depot-250 (Schering, Berlin,
Germany) in 14 days periods (Testo), or orally treated with 1 mg/kg (SARM1) or 10 mg/kg
(SARM10) LGD2941 (TAP Pharmaceutics, Lake Forest, USA) every day. The control
group without any treatment consisted of 6 animals. All monkeys were 5-6 years old and
had an average body weight of 6 kg.

2.2 Sample collection

Muscle biopsies of m. quadriceps and m. triceps were taken at three time points. Control
samples were taken without prior treatment. Further samples were taken at day 16 and
day 90 of treatment. Biopsy samples were placed in kryotubes before freezing in liquid
nitrogen and stored at —80°C until RNA-extraction.

2.3 Total RNA extraction

50 mg of muscle biopsies on baseline time point (control) and 100 mg on the time points
day 16 and day 90 were colleted. Frozen tissue was homogenized in guanidinium
thiocyanate buffer to destroy RNase activity. For the extraction of the RNA a TriFast clean
protocol was used (PeqlLab Biotechnologies, Erlangen, Germany ). The principal of this
protocol was phenol/chloroform extraction for total RNA. To quantify the amount of total
RNA extracted, optical density (OD) was measured with the photometer (Eppendorf
Biophotometer, Hamburg, Germany) for each sample. All RNA stem solutions were diluted

to 100 ng/ul for Bioanalyzer analysis and to 1 ng/ul for PCR analysis.

2.4 Analysis of RNA quality

RNA integrity and quality control was done by capillary electrophoresis in a Bioanalyzer
2100 (Agilent Technology, Palo Alto, USA). Eukaryotic total RNA Nano Assay algorithm

was taken for sample analysis and the RNA Integrity Number (RIN) was used to indicate
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RNA quality [14, 23]. For optimal RNA quality biopsy storage in kryotubes is

recommended.

2.5 Selection of candidate genes

Candidate genes, factors and enzymes were selected if assumed to play an important role
in the myogenic pathways of the analysed tissues. Following 30 candidate genes (TG)
were chosen by screening literature.

Muscle fibre proteins: myosin (MYHC-2x) and a-actin (ACTALl); muscle specific
transcription factors: myogenin and myogenic differenciation factor (MyoD); protein
metabolism group: cathepsin B (CTSB), cathepsin L (CTSL), calpain3 (CAPN3) and
tyrosin-amino-transferase (TAT); factors of cell cycle regulation: cyclin-dependent kinase 2
(CDK2), Cyclin A, Cyclin D1 and myostatin (GDF8); endo- and paracrine group: androgen
receptor (AR), estrogen receptors (ERa, ERp), growth hormone receptor (GHR),
glucocorticoid receptor (GR), insulin like growth factor 1 (IGF1), insulin like growth factor
receptor 1 (IGF1R), insulin receptor (IR, transcriptl), insulin like growth factor binding
proteins (IGFBP3, IGFBP4); energy metabolism group: hexokinase (HK), lactat-
dehydrogenase (LDH), creatinkinase (CK), glucose transporter 4 (GLUT4) and glycogen
phorphorylase (PYGM); satellite cell group: myogenic factors (Myf5, Myf6) and m-
cadherin (CDH15).

As reference genes (RG) beta-Actin (ACTB), Glycerinaldehyd-3-phosphat-Dehydrogenase
(GAPDH) Cyclophilin A (PPIA), Tyrosin3/trypCthan5-monooxygenase activation protein
(YWHAZ), Ubiquitin C (UBC) and 18S RNA primers were tested.

2.6 Primer design and primer testing

Primers were designed using published nucleic acid sequences of the human genome
GenBank (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi). PPIA and ACTB were taken from

the Human Endogenous Control Gene Panel Kit (TATAA Biocenter, Goteborg, Sweden).
Primer design and optimization was done using primer design program of MWG (MWG,
Ebersberg, Germany) with regard to primer dimer formation, self-priming formation and
primer annealing temperature (60°C). Newly designed primers were ordered and
synthesized at MWG Biotech (Ebersberg, Germany) and Invitrogen (Karlsruhe, Germany).
Primer testing was performed on four muscle samples and a negative control (RNAse free

water) for each primer set.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi

2.7 One-step quantitative RT-PCR

Quantitative real-time RT-PCR was performed using SuperScript Il Platinum SYBR Green
One-Step gPCR Kit (Invitrogen, Carlsbad, USA) by a standard protocol, recommended by
the manufacture.

Crossing points (CT) and melting curves were acquired by using the “comparative
guantitation” and “melting curve” program of the Rotor-Gene 3000 analysis software. CT is
the equivalent nomenclature of Cycle of threshold used in Rotor-Gene software.

Only genes with clear melting curves were taken for further data analysis. Samples with

irregular melting peaks were excluded from the calculation.

2.8 Data Analysis and Statistics

Statistical descriptions of the expression data as well as statistical tests were produced
with SAS v. 9.1.3 for Windows. The raw data was the CT values obtained from each gPCR
sample. Each gPCR sample was associated with a biopsy sample whereas form each
experimental animal two biopsy samples were analysed. Since the amplification efficiency
was not known, the assumption of identical amplification efficiency 100% was made,
allowing more simple quantification model.

The CT values of each gene were averaged by arithmetic mean for each biopsy samples.
The obtained mean CT values were then translated to normalized expression quantities
using all three reference genes in a form of normalization index. The normalization index

was calculated as an arithmetic mean of the CT values of the three reference genes:

reference index = mean (CTppia, CTacte, CTvwHaz) (1)

Then, an expression of every target gene was calculated relatively to the expression of the
housekeeping gene as:

normalized expression =2 reference |ndex/ 2 CT target gene ’ (2)

The 2 represents the 100% amplification efficiency. The normalized expressions of the
timepoints 16 and 90 days were then divided with the normalized expressions of the

baseline, generating the expression ratio R as:



R timepoinybaseline = NOrmalized expression tmepoint/ NOrmalized expression paselinee (3)

The expression ratio R was then analysed statistically. The Box-whisker plot was
constructed to facilitate visual screening of regulated genes (Figure 1-4).

The objective of the statistical analysis was to disclose genes with significant regulation
between control group and any of the treated groups. It was not intended to perform all
treatment-to-treatment tests for all genes in order to avoid statistical type | error (false
positive difference). Hence, ANOVA model was calculated on the log, transformed R
values employing the SAS procedure GLM with contrast sentence defining the control
group as the contrast group for all treatment groups, thus adjusting the overall test
confidence level to the number of relevant comparisons only. Further adjustment of the
overall confidence level with respect to number of investigated genes was not performed.
Hence, this study is to be considered as purely explorative whereas significant findings
here indicate candidate biomarkers. Tests generating significant (p<0.05) results were
reviewed based on descriptive parameters of the compared groups and visually by means
of the box-whisker plots to disclose possible outliers. As comparable trends were observed

between the three treatment groups, no further tests were produced.



3. Results

3.1 RNA quality of muscle tissue

The mean RIN value of control samples was 6.5 for the m. quadriceps and 6.9 for the m.
triceps samples, representing a total RNA of average quality. The m. quadriceps samples
of day 16 had a mean RIN of 7.1, the m. triceps of 7.6. In day 90 m. quadriceps samples
showed a mean RIN of 6.9, m. triceps samples of 7.6.

Control samples showed a higher 5S RNA peak for all samples which may be a hint for
partly degraded total RNA. Because control biopsy samples were directly frozen in liquid
nitrogen, it is supposed that large RNA was partly damaged but the smaller 5S RNA
remained intact. In samples given into kryotubes before freezing in liquid nitrogen, large

RNA was more intact.

3.2 Primer pairs and primer testing

Based on the human genome, primer pairs for 30 TG and 6 RG were developed, 23 TG
and 3 RG were successfully running in qRT-PCR (Table 1). Until now nearly no gene
sequences from macaca fascicularis exist and because these sequences seem to be

different from human, some primer pairs did not anneal.

3.3 qRT-PCR results and data analysis

The calculation of the expression ratios (formula 1) produced non-normally distributed data
with frequent extreme values. Some of the extreme values can be outliers and were
indicated in the box-whisker plot as squares outside the beyond inter quartile range (box).
Nonetheless, no exclusion of extreme values/outliers was performed.

In m quadriceps significant differences between the control and treatment could be
identified after 90 day treatment, including CTSL (p=0.0138), CAPN3 (p=0.0625) and
IGFBP3 (p=0.0280) (Figure 1, 2, 3).

There were no significantly regulated genes found in m. triceps. Possible effect of outliers
was investigated and could not be excluded. Only the three significantly regulated genes
on the time point 90 days in m. quadriceps are hence discussed further. Surprisingly the
expression ratio R deviated from the value one in the control group, showing thus

endogenously induced up-regulation throughout the growth period of the animals. This
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conclusion is supported by the fact that no pronounced regulation was found on the time
point 16 days.

The control group showed also high variability as compared to the treatment groups as
indicated by the box-whisker plot. This reflects the natural variability of the non-induced
expression in each studied subject. In contrast to the control group, in the treated groups
that showed lower R also smaller variability was observed, possibly supporting the

evidence for induced suppressing effect on the individual’'s expression.



4. Discussion

Aging is associated with many different processes in the body such as muscle atrophy
which corresponds to a loss of muscle tissue caused by decreases in fibre size and/or a
reduction in the number of fibres. So far it has not been understood if this effect depends
on a reduced availability of mMRNA, on an energy deficit due to a loss of mitochondria or on
a decrease in nitrogen supply. [2, 27]. For therapies, anabolic steroids and SARM are
investigated to antagonize these effects. To get more information about factors that
influence these muscle reducing pathways and the effect of anabolic agents on muscle
metabolism, gene expression of selected genes was measured using real-time qRT-PCR.
The RNA quality of all samples was sufficient to get satisfactory results in gqRT-PCR.

Only a few gene sequences of macaca fascicularis were available in public gene banks so
the gene sequences of homo sapiens and macaca mulatta were used for primer pair
design. In spite of this problem 23 candidate genes could be successfully amplified.

Only gene expression regulations with comprehensible and coherent results are discussed
to avoid speculations. Significant differences between the control and the treatment groups
could only be seen after 90 day treatment.

In m. quadriceps the control samples already showed an expression with a high statistical
spread in the significantly regulated candidate genes what mirrors natural differences
between gene expressions in the individuals. This spread reduced in the treatment groups,
showing a suppression of the individual expression differences induced by the treatment.
This effect could not only be seen in the significantly regulated genes, also IR in m.
guadriceps showed larger spread in the control than in the treatment groups (Figure 4).
This difference in spread was strongly pronounced in the testosterone group, indicating an
inhibitory effect of testosterone on IR expression.

To identify physiological differences between the control and the treatment, only the
significantly regulated IGFBP3, CTSL and CAPNS3 are discussed: In skeletal muscle cell
lines four IGFBPs are released: IGFBP-2, -4, -5, -6. IGFBP3 mainly acting as major carrier
of the IGFs in the circulation. Many studies have also shown an inhibitory effect of IGFBP3
on IGF1 and IGF2, Due to its higher affinity to IGF1, it can also prevent IGF1 - IGF1-R
interactions [3, 15, 17, 21]. In this study, IGFBP3 was down-regulated in the treatment
samples what could show a switch-off effect of the inhibiting IGFBP3. Even if IGF1 was not
significantly up-regulated, a blockage of IGFBP3 could increase its functionality in the

organism.
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In the protein metabolism of the muscle CTSL is induced early in the catabolic states and
an increase of CTSL expression also characterizes muscle wasting. Anabolic steroids like
testosterone increase protein retention and decrease protein catabolism [4]. In this study
the significant down-regulation of CTSL in the treatment confirms this protein retention
effect.

CAPN3 is a member of the three distinct calpains expressed in the muscle. The ubiquitous
calpains 1 and 2 and CAPN3 are members of the Ca2+-activated cysteine proteases but
CAPN3 is known to show inverse regulations compared to the ubiquitous calpains. Many
studies have proofed that a decrease of CAPN3 in directly related to muscle wasting [2, 9].
No studies exist that show an effect of testosterone on calpain expression. In this study
CAPNS3 was significantly down-regulated by the treatment as compared to the control.
Such a down-regulation of CAPN3 could also be seen in conditions related to disuse and
denervation of the muscle, an age-related phenomenon [25]. In this study the daily
agitation of the monkeys was not documented but the animals were kept in cages which
might have induced disuse of the muscle and explain the down-regulation of CAPN3 in this

study.

Conclusion

In this study both the anabolic steroid testosterone and the SARM LGD2941 showed
effects on the gene expression in the muscle tissues. Significant influences of the
treatments appeared after 90 days only indicating that the differences between the control
group and the treated groups is rather based on suppression of long term natural
development of the studied factors. First influences of the treatments on the protein
metabolism and the muscle growth could be seen via the significant expression of CTSL,
CAPN3 and IGFBP3. These genes can be taken as the first biomarkers for a gene

expression pattern of anabolic steroids.

Acknowledgments

We are indebted to TAP Pharmaceuticals Inc. Lake Forest, USA who initiated and

supported this study.

11



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bhasin S, Bagatell CJ, Bremner W.J et al. Therapeutic perspective: Issues in Testosterone Replacement
in Older Men. JCEM 1998, 83 (10): 3435-3436.

Bartoli M, Richard I. Calpains in muscle wasting. Int J Biochem Cell Biol 2005, 37 (10): 2115-2133.

Baxter RC. Insulin-like growth factor (IGF)-binding proteins: interactions with IGFs and intrinsic
bioactivities. Am J Physiol Endocrinol Metab 2000, 278 (6): E967-E976.

Bechet D, Tassa A, Taillandier D et al. Lysosomal proteolysis in skeletal muscle. J Biochem Cell Biol
2005, 37: 2098-2114.

Bross R, Storer T, Bashin S. Aging and Muscle loss. TEM 1999, 10(5): 194-198.

Chen F, Rodan GA, Schmidt A. Development of selective androgen receptor modulators and their
therapeutic applications. Zhonghua Nan Ke Xue. 2002, 8(3):162-8.

D'Antona G, Pellegrino MA, Adami R et al. The effect of ageing and immaobilization on structure and
function of human skeletal muscle fibres. J Physiol 2003, 552(2): 499-511.

D'Antona G, Lanfranconi F, Pellegrino MA et al. Skeletal muscle hypertrophy and structure and function
of skeletal muscle fibres in male body builders. J Physiol 2006, 570(3): 611-627.

Dargelos E, Moyen C, Dedieu S. Development of an inducible system to assess p94 (CAPN3) function in
cultured muscle cells. J Biotech 2002, 96: 271-279.

Davis S. Androgen Replacement in Women: A Commentary. JCEM 1999, 84(6): 1886-1891.

Davis SR. The therapeutic use of androgens in women. J St Biochem Mol Biol 1999, 69:177-184.

Deschenes MR. Effects of aging on muscle fibre type size. Sports Med 2004, 34(12): 809-24.

Doherty TJ. Invited review: aging and sarcopenia. J Appl Physiol 2003, 95(4): 1717-27.

Fleige S, Pfaffl MW. RNA integrity and the effect on the real-time qRT-PCR performance. Mol A Med
2006, 27: 126-139.

Florini JR, Ewton DZ, Coolican SA. Growth hormone and the insulin-like growth factor system in
myogenesis. Endocr Rev 1996, 17(5): 481-517.

Frontera WR, Hughes VA, Fielding RA. Aging of skeletal muscle: a 12-yr longitudinal study. J Appl
Physiol 2000, 88: 1321-1326.

Jones JI, Clemmons DR. Insulin-Like Growth Factors and Their Binding Proteins: Biological Actions.
Endocrine Reviews 1995, 16(1): 3-34

Lopez FJ. New approaches to the treatment of osteoporosis. Curr Opin Chem Biol 2000, 4 (4):383-393.

12



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Muller M, Grobbee DE, Thijssen JHH. Sex hormones and male health: effects on components of the
frailty syndrome. Trends Endocrinol Metabol 2003, 14(6): 289-296.

Negro-Vilar A. Selective Androgen Receptor Modulators (SARMs): A Novel Approach to Androgen
Therapy for the New Millennium. JCEM 1999, 84(10): 3459-3462.

Pell JM, Bates PC. Differential actions of growth hormone and insulin-like growth factor | on tissue

protein metabolism in dwarf mice. Endocrinology 1992, 130: 1942-1950.

Rosen J, Negro-Vilar A. Novel, non-steroidal, selective androgen receptor modulators (SARM) with
anabolic activity in bone and muscle and improved safety profile. J Musculoskel Neuron Interact 2002,
2(3): 222-224.

Schroeder A, Mueller O, Stocker S et al.The RIN: an RNA integrity number for assigning integrity values
to RNA measurements. BMC Mol Biol 2006, 31(7): 3.

Snyder PJ, Peachy A, Hannoush P. Effect of Testosterone Treatment on Body composition and Muscle
Strenght in Men Over 65 Years of Age. JCEM 1999, 84(8): 2647-2653.

Stockholm D, Herasse M, Marchand S, Praud C, Roudaut C, Richard I, Sebille A, Beckmann JS. Calpain
3 mMRNA expression in mice after denervation and during muscle regeneration. Am J Physiol Cell Physiol
2001, 280(6):C1561-9.

Van den Beld A, Huhtaniemi IT, Pettersson KS et al. Luteinizing Hormone and Different Genetic
Variants, as Indicators of Frailty in Healthy Elderly Men, JCEM 1998, 84(4): 1334-1339.

Welle S, Bhatt K, Thornton C. Polyadenylated RNA, actin mRNA, and myosin heavy chain mRNA in
young and old human skeletal muscle. Am J Physiol 1996, 270(2): E224-9.

Yialamas MA, Hayer FJ. Androgens and the ageing male and female. Best Practice and Research, Clin
Endocrin and Metabol 2003, 17(2): 223-226.

Yin D, Gao W, Kearbey JD. Pharmakodynamics of Selective Androgen Receptor Modulators. JPET
2003, 304(3): 1334-1340.

13



Legend

Table 1: List of primer pairs used for PCR analysis in muscle tissue.

Figure 1: Significant down-regulation of CTSL between control and treated samples. Box-whisker
plot show the expression ratio R between the normalised expression of the timepoint 90 and
baseline. The horizontal line inside the box indicates median and the box indicates the interquertile
range. The full point indicates mean. The whiskers indicate the maximum and minimum and the
squer indicates outliers. The diamond indicates weak outliers. The calculation of the outliers is
based on the box-whisker rule saying that a outlier is a point which falls more than 1.5 times (weak
outlier) or 3 times (strong outlier) the interquartile range above the third quartile or below the first

guartile.

Figure 2: Significant down-regulation for CAPN3 between control and treated samples. Box-
whisker plot show the expression ratio R between the normalised expression of the timepoint 90
and baseline. The horizontal line inside the box indicates median and the box indicates the
interquertile range. The full point indicates mean. The whiskers indicate the maximum and
minimum and the squer indicates outliers. The diamond indicates weak outliers. The calculation of
the outliers is based on the box-whisker rule saying that a outlier is a point which falls more than
1.5 times (weak outlier) or 3 times (strong outlier) the interquartile range above the third quartile or

below the first quartile.

Figure 3: Significant down-regulation for IGFBP3 between control and treated samples. Box-
whisker plot show the expression ratio R between the normalised expression of the timepoint 90
and baseline. The horizontal line inside the box indicates median and the box indicates the
interquertile range. The full point indicates mean. The whiskers indicate the maximum and
minimum and the squer indicates outliers. The diamond indicates weak outliers. The calculation of
the outliers is based on the box-whisker rule saying that a outlier is a point which falls more than
1.5 times (weak outlier) or 3 times (strong outlier) the interquartile range above the third quartile or

below the first quartile.

Figure 4: IR in the control group shows a high statistical spread which can not be seen in the
treatment groups, especially in the Testo group. Box-whisker plot show the expression ratio R
between the normalised expression of the timepoint 90 and baseline. The horizontal line inside the
box indicates median and the box indicates the interquertile range. The full point indicates mean.

The whiskers indicate the maximum and minimum and the squer indicates outliers. The diamond
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indicates weak outliers. The calculation of the outliers is based on the box-whisker rule saying that
a outlier is a point which falls more than 1.5 times (weak outlier) or 3 times (strong outlier) the

interquartile range above the third quartile or below the first quartile.
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Table 1

Group Primer Sequenz 5- 3 bp Acces. Nr.

muscle fibre ACTAL for CAT GGT CGG TAT GGG TCA GAA

proteins 21| NM001100
ACTAL rev CGC GAA GCT CGT TGT AGA AG 20
MYHC-2x for | GCA CAT CCA GAG CAG AGA AGA A 22 |[NM017534
MYHC-2x rev | GAC AGT GAC ACA GAA GAG ACC T 22

transcription factors | Myogenin for | ATC ATC TGC TCA CGG CTG AC 20 | NM002479
Myogenin rev | TTT CAT CTG GGA AGG CCA CAG A 22

protein metabolism | CTSB for ACAATTCCTACAGCGTCTCC 20| L16510
CTSB rev CACCACTTCTGATTCGATTCC 21
CTSL for ACATCCCTAAGCAGGAGAAGGC 22 | M20496
CTSL rev CCAGCACACCATGATCCATGTC 22
CAPNS for TCCAGTTCGTCTGGAAGAGACC 22 | AY902237
CAPN3rev | TGTACGTTGGCAGGCAGTCATC 22

cell cycle regulation | CyclinD for | AAC AAG CTC AAG TGG AAC CTG G 22 | NM053056
CyclinD rev CAT GGA GGG CGG ATT GGA AAT 21
Myostatin for | AAC TTG ACA TGA ACC CAG GCAC 22 | NM005259
Myostatin rev | ACG GAT TCA GCC CAT CTT CTC 21

endo- paracrin AR for TTGTCCATCTTG TCG TCT TCG G

factors 22 |L.29496
AR rev TGT CCA GCA CAC ACTACACC 20
ERbeta for ATG CTC ACT TCT GCG CTG TC 20 | NM001437
ERbeta rev CACACTTCACCATTCCCACTTC 22
GHR alpha ATC CAC CCATTG CCCTCAAC
for 20 | NM00163
GHR alpha ATC TCA CAC GCA CTT CATATT CC
rev 23
IGF-1R for CAT TTC ACC TCC ACCACCAC 20 | NM000875
IGF-1R rev AGG CAT CCT GCC CAT CAT AC 20
IGFBP3 for CAC AGATAC CCAGAACTTCTCC 22 | M35878
IGFBP3rev |CCATAC TTATCC ACACACCAGC 22
IGFBP4 for CAA CTT CCACCCCAAGCAGT 20 | NM001552
IGFBP4rev |CTG GTG GCA GTC CAG CTC 18
IR for TCC AGA CAG ATG CCA CCAAC 20 | NM000208
IR rev ATC CAG CTC GAA CAG CTC AC 20
IGF1 for TGG ATGCTC TTC AGTTCG TGT G 22 | ENSMMUT03165
IGF1 rev TAG AGG GAG TGC AGG AAA CAA G 22
GR for TTC TGC GTC TTC ACC CTC AC 20 | AH002750
GR rev CTG TCT CTC CCATAT ACAGTCC 24

energy metabolism | HK for CGC ATCTGC TTG CCTACT TC 20 | NM000189
HK rev AAC TCT CCG TGT TCT GTC CC 20
LDH for TTC AGC CCGATTCCGTTACC 20 | NM005566
LDH rev CAC CTC ATAAGC ACT CTC AACC 22
CK for GAC ATC GTC TAC AGT GAA GCC 21| NM001824
CKrev AGT TCA AGC TGA ATT TAC AAG CCT

G 25

PYGM for ACATCAACCCCAACTCACTCAC 22 | AF066859
PYGM rev GCC TTC CCT CCAATC ATC AC 20

satellite cell biology | Myf5 for TGA GAG AGC AGG TGG AGA AC 20 | NM005593
Myf5 rev GGC AAC TGG AGA GAG AGA AG 20
Myf6 for GCC AAGTGTTTCCGATCATTCC 22 | NM002469
Myf6 rev ACT TCT CCACCACTTCCTCC 20

reference genes

beta-actin for

TATAA Biocenter

beta-actin rev

TATAA Biocenter
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PPIA for TATAA Biocenter

PPIA rev TATAA Biocenter

YWHAZ for GCA ACC AAC ACA TCC TAT CAG AC 23| NM145690
YWHAZrev |TTCTCCTGC TTC AGCTTC GTC
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