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a b s t r a c t

Anabolic hormones, including testosterone, have been suggested as a therapy for aging-related conditions,
such as osteoporosis and sarcopenia. These therapies are sometimes associated with severe androgenic
side effects. A promising alternative to testosterone replacement therapy are selective androgen receptor
modulators (SARMs). SARMs have the potential to mimic the desirable central and peripheral androgenic
anabolic effects of testosterone without having its side effects.

In this study we evaluated the effects of LGD2941, in comparison to testosterone, on mRNA expression
of selected target genes in whole blood in an non-human model. The regulated genes can act as potential
blood biomarker candidates in future studies with AR ligands.

Cynomolgus monkeys (Macaca fascicularis) were treated either with testosterone or LGD2941 for 90
days in order to compare their effects on mRNA expression in blood. Blood samples were taken before

SARM application, on day 16 and on day 90 of treatment.

Gene expression of 37 candidate genes was measured using quantitative real-time RT-PCR (qRT-PCR)
technology.

Our study shows that both testosterone and LGD2941 influence mRNA expression of 6 selected genes
out of 37 in whole blood. The apoptosis regulators CD30L, Fas, TNFR1 and TNFR2 and the interleukins IL-
12B and IL-15 showed significant changes in gene expression between control and the treatment groups

ioma
and represent potential b

. Introduction

Over the last decades the proportion of elderly people in the
opulation has increased [1]. This is the reason why the incidence
f age-related conditions like sarcopenia and osteoporosis is rising
nd becoming one of the major topics in health care. Sarcopenia is
he loss of muscle mass during the aging process that may lead to
railty [2–5]. Sarcopenia is commonly associated with osteoporosis,
hich is the age-related loss of bone mineral density. The combi-
ation of sarcopenia and osteoporosis results in a high incidence
f bone fractures relating to accidental falls, which is a significant
ause of morbidity and mortality in the elderly population.

Both conditions are associated with a decrease in the endo-

en production of anabolic hormones, including testosterone [4].
estosterone treatment has been proposed as a therapy for osteo-
orosis and frailty in both men and women [6,7]. However, the
ndrogen therapies available today are associated with androgenic
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side effects, such as skin virilization in women and prostate hyper-
trophy in men [8–10].

A promising alternative for testosterone replacement therapy
is the development of selective androgen receptor modulators
(SARMs) [6]. SARMs are synthetic molecules that bind to the andro-
gen receptor exhibiting tissue-selective effects. An “ideal” SARM
is an orally active compound that provides an increase in muscle
mass and strength and has an anabolic effect on bone density with-
out inducing undesirable androgenic side effects [6]. LGD2941 is a
novel non-steroidal, orally active SARM, which has shown potent
anabolic activity on bone and muscle in rats and monkeys, but
reduced effects on the prostate [7].

It is already known that androgens cause changes in the
biochemical pathways of different 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 measurable.
The aim of this study was to evaluate the effects of LGD2941, in
comparison to testosterone, on mRNA expression of selected tar-
get genes in whole blood samples. Whole blood is chosen because
samples can easily been taken from the living organism. Further-
more there is evidence in the literature that androgens affect gene

http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:irmgard.riedmaier@wzw.tum.de
dx.doi.org/10.1016/j.jsbmb.2009.01.019


1 emistr

e
t
l

2

2

r
o
T
2
t
b
c
4
d
f

d
F
D
g
i

a
w
d

2

R
i

(
t
c

e
A
w
s
l
b
s
q

t
o
p
h
n
d
E
b
f
i
a
r
w
c

I

68 I. Riedmaier et al. / Journal of Steroid Bioch

xpression of the different blood cells. The regulated genes have
he potential to act as blood biomarkers in future studies with AR
igands.

. Materials and methods

.1. Animal experiment

24 male cynomolgus monkeys (Macaca fascicularis) were sepa-
ated to four groups of six animals each. All animals were 5–6 years
ld, skeletally mature and had an average body weight of 6± kg.
he treatments were group 1 (control or oral vehicle group), group
(reference group, testosterone group) 3.0 mg/kg Testosteronenan-

hate as Testoviron®-depot-250 (Schering, Berlin, Germany), dosed
iweekly by intramuscular injection, group 3 (intermediate con-
entration group, SARM1) 1 mg/kg SARM LGD2941 daily and group
(high concentration group, SARM10) 10 mg/kg SARM LGD2941

aily. The oral vehicle control and the SARM were dosed once daily
or 90 days.

Whole blood samples were taken at three time points. Pre-
ose samples were taken after study start without prior treatment.
urther samples were taken at day 16 and day 90 of treatment.
uplicate blood samples (2.5 mL each) were transferred into PAX-
ene blood RNA tubes (BD, Heidelberg, Germany) gently shaken,
ncubated at room temperature for two hours and stored at −20 ◦C.

The animal attendance and blood sampling were done by Cov-
nce Laboratories GmbH (Münster, Germany) and was conducted
ith permission from the local veterinary authorities and in accor-
ance with accepted standards of Humane Animal Care.

.2. RNA preparation and qRT-PCR

RNA from blood samples was extracted using the PAXgene Blood
NA Kit (Qiagen, Hilden, Germany) according to the manufacturer’s

nstructions.
To quantify the amount of total RNA extracted, optical density

OD) was measured with the Biophotometer (Eppendorf Biopho-
ometer, Hamburg, Germany) for each sample. RNA purity was
alculated with the OD260/280 ratio.

RNA integrity and quality control was performed via capillary
lectrophoresis in the Bioanalyzer 2100 (Agilent Technology, Palo
lto, USA). Eukaryotic total RNA Nano Assay (Agilent Technology)
as taken for sample analysis and the RNA Integrity Number (RIN)

erved as RNA quality parameter. Agilent Bioanalyzer 2100 calcu-
ated the RIN value based on a numbering system from 1 to 10 (1
eing the most degraded profile, 10 being the most intact) for all
amples. A RIN ≥ 6 should be achieved to assure good results in
RT-PCR [11,12].

Candidate genes were chosen by screening the respec-
ive literature for androgen and inflammation-related effects
n blood cells. Their expression was investigated using listed
rimers (Table 1). All primers were designed using published
uman nucleic acid sequences of GenBank (http://www.ncbi.nlm.
ih.gov/entrez/query.fcgi). Primer design and optimization was
one with primer design program of MWG Biotech (MWG,
bersberg, Germany) and primer3 (http://frodo.wi.mit.edu/cgi-
in/primer3/primer3 www.cgi) with regard to primer dimer
ormation, self-priming formation and a constant primer anneal-
ng temperature of 60 ◦C. Newly designed primers were ordered
nd synthesized at MWG Biotech (Ebersberg, Germany) or Invit-

ogen (Karlsruhe, Germany). Primer performance testing was done
ith six optional untreated samples and a no template control (NTC

ontains only RNAse free water) for each primer set.
Quantitative real-time RT-PCR was performed using SuperScript

II Platinum SYBR Green One-Step qPCR Kit (Invitrogen, Carlsbad,
y & Molecular Biology 114 (2009) 167–173

USA) by a standard protocol, recommended by the manufacturer.
With the kit the master mix was prepared as follows: for one sam-
ple it is 5 �L 2× SYBR Green Reaction Mix, 0.5 �L forward primer
(10 pmol/�L), 0.5 �L reverse primer (10 pmol/�L) and 0.2 �L SYBR
Green One-Step Enzyme Mix (Invitrogen, Carlsbad, USA). 6.2 �L of
the master mix was filled in the special 100 �L tubes and 3.8 �L RNA
(concentration 1 ng/�L respectively 10 ng/�L) was added. Tubes
were closed, placed into the Rotor-Gene 3000 and Analysis Soft-
ware v6.0 was started (Corbett Life Science, Sydney, Australia). The
following one-step qRT-PCR temperature cycling program was used
for all genes: Reverse transcription took place at 55 ◦C for 10 min.
After 5 min of denaturation at 95 ◦C, 40 cycles of real-time PCR with
3-segment amplification were performed consisting of 15 s at 95 ◦C
for denaturation, 30 s at primer dependent temperature for anneal-
ing and 20 s at 68 ◦C for polymerase elongation. The melting step
was then performed with slow heating starting at 60 ◦C with a rate
of 0.5 ◦C per second up to 95 ◦C with continuous measurement of
fluorescence.

Take off points (Ct) and melting curves were acquired by using
the “Comparative quantitation” and “Melting curve” program of the
Rotor-Gene 3000 Analysis software v6.0. Only genes with melting
curves showing a single peak and no primer dimers were taken for
further data analysis. Samples that showed irregular melting peaks
were excluded from the quantification procedure.

2.3. Selection of target genes

Candidate genes that might be biomarkers in blood were
chosen by screening the respective literature for androgen and
inflammation-related effects on blood cells. Androgens are known
to down-regulate proliferation of lymphocytes [13,14]. Therefore
the different pro- and anti-inflammatory interleukins (IL) IL-1�, IL-
2, IL-4, IL-6, IL-10, IL-12B, IL-13 and IL-15 and the growth factors
tumor growth factor � (TGF-�), insulin growth factor 1 recep-
tor (IGF-1R) were selected for analysis. It was already shown that
testosterone influences the rate of apoptotic blood cells [15–17].
Therefore different apoptosis regulators were chosen for analysis:
the TNF receptor superfamily member 6 (Fas), its ligand FasL, tumor
necrosis factor receptor (TNFR) 1 and 2, their ligand tumor necrosis
factor � (TNF-�), B-cell CLL/lymphoma 2 (BCL-2), BCL2-like 1 (BCL-
XL), Caspase 3 (Casp 3), Caspase 8 (Casp 8), CD30 Ligand (CD30L),
the inflammatory factor nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1 (p105) (NF�B) and its inhibitor I�B. To
determine if the treatment also has an influence on the amount of
the different white blood cells, the expression of the cell specific
CD Antigens CD4 (T helper cells), CD8 (cytotoxic T cells), CD11b
(granulocytes), CD14 (monocytes), CD20 (B-cells), CD25 (activated
T cells) and CD69 were measured. Further leukocyte genes that
were measured are androgen receptor (AR), tumor necrosis factor �
(TNF-�) and CD27 Ligand (CD27L). As genes expressed in reticulo-
cytes, haemoglobin alpha (�-globin), haemoglobin beta (�-globin)
and their transcription factors and stabilization factors transcrip-
tion factor CP2 (CP2), acid phosphatase 1 (�CP1) and upstream
transcription factor 1 (USF-1) were chosen. As reference gene can-
didates �-Actin and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were measured, whereas �-Actin and GAPDH were chosen
as best reference genes by using GenEx Ver 4.3.3 Software (multiD
Analyses AB, Gothenburg, Sweden).

2.4. Data analysis and statistics
Statistical description of the expression data as well as statis-
tical tests were produced with SAS v. 9.1.3 for Windows. The raw
data were the Ct values obtained from each qPCR sample. Each qRT-
PCR sample was associated with a blood sample whereas for each
experimental animal two blood samples were analysed. Since the

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi
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Table 1
List of primer pairs used for qRT-PCR analysis.

Group Gene Primer name Primer sequence 5′ → 3′ Product length

Reference genes Ubiquitin C UBC for TGA AGA CTC TGA CTG GTA AGA CC 128 bp
UBC rev CAT CCA GCA AAG ATC AGC CTC

Actin-� ActB for AGT CCT GTG GCA TCC ACG AA 148 bp
ActB rev GCA GTG ATC TCC TTC TGC ATC

GAPDH GAPDH for GAA GGT GAA GGT CGG AGT CAA 233 bp
GAPDH rev GCT CCT GGA AGA TGG TGA TG

Interleukins IL-1� IL1beta for GGA CAG GAT ATG GAG CAA CAA G 121 bp
IL1beta rev AAC ACG CAG GAC AGG TAC AG

IL-2 IL2 for2 GCA ACT CCT GTC TTG CAT TGC 165 bp
IL2 rev2 CAT CCT GGT GAG TTT GGG ATT C

IL-4 IL4 for3 TTC CCC CTC TGT TCT TCC TG 121 bp
IL4 rev3 GTT GTG TTC TTC TGC TCT GTG AG

IL-6 IL6 for5 AGG AGA CTT GCC TGG TGA AA 179 bp
IL6 rev5 CAG GGG TGG TTA TTG CAT CT

IL-10 IL10 for2 AGC CTTCGTC TGA GAT GAT CCA G 190 bp
IL10 rev2 CAT TCT TCA CCT GCT CCA CG

IL-12b (p40) IL12B for AAG GAG GCG AGG TTC TAA GC 213 bp
IL12B rev AAG AGC CTC TGC TGC TTT TGA C

IL-13 IL-13 for2 AAT GGC AGC ATG GTA TGG AGC 124 bp
IL-13 rev2 AGA ATC CGC TCA GCA TCC TC

IL-15 IL-15 for2 TCC AGT GCT ACT TGT GTT TAC TTC 93 bp
IL-15 rev2 TAG GAA GCC CTG CAC TGA AAC

Apoptosis regulators Fas FasR for4 TTC TGC CAT AAG CCC TGT CC 174 bp
FasR rev4 CCA CTT CTA AGC CAT GTC CTT C

Fas ligand FasL for2 GGC CTG TGT CTC CTT GTC AT 162 bp
FasL rev2 GTG GCC TAT TTG CTT CTC CAA AG

TNFR1 TNFR1 for AGC TGC TCC AAA TGC CGA AAG 147 bp
TNFR1 rev CAG AGG CTG CAA TTG AAG CAC

TNFR2 TNFR2 for TGA CCA GAC AGC TCA GAT GTG 99 bp
TNFR2 rev TCC TCA CAG GAG TCA CAC AC

bcl-2 bcl2 for2 GAG GAT TGT GGC CTT CTT TGA G 170 bp
bcl2 rev2 ACA GTT CCA CAA AGG CAT CCC

TNF-� TNFa for AGG GAC CTC TCT CTA ATC AGC 104 bp
TNFa rev CTC AGC TTG AGG GTT TGC TAC

Caspase 3 Casp3 for GAA TTG ATG CGT GAT GTT TC 198 bp
Casp3 rev GCA GGC CTG AAT AAT GAA AAG

Caspase 8 Casp8 for TGG CAC TGA TGG ACA GGA G 230 bp
Casp8 rev GCA GAA AGT CAG CCT CAT CC

bcl-xl bcl-xl for TAA ACT GGG GTC GCA TTG TG 145 bp
bcl-xl rev TGG ATC CAA GGC TCT AGG TG

CD30L CD30L for CAT TCC CAA CTC ACC TGA CAA C 281 bp
CD30L rev GCT CCA ACT TCA GAT CGA CAG

Growth factors TGF-� TGFb for TAC TAC GCC AAG GAG GTC AC 239 bp
TGFb rev AGG TAT CGC CAG GAA TTG TTG C

IGF-1R IGF1R for CAT TTC ACC TCC ACC ACC AC 151 bp
IGF1R rev AGG CAT CCT GCC CAT CAT AC

CD antigens CD4 CD4 for3 CTA AGC TCC AGA TGG GCA AG 154 bp
CD4 rev3 TGA GTG GCT CTC ATC ACC AC

CD8 CD8 for GGA CTT CGC CTG TGA TAT CTA C 112 bp
CD8 rev AAA CAC GTC TTC GGT TCC TGT G

CD11b CD11b for GAG AAC AAC ATG CCC AGA ACC 246 bp
CD11b rev CGG TCC CAT ATG ACA GTC TG

CD14 CD14 for AGA ACC TTG TGA GCT GGA CG 115 bp
CD14 rev ATG GAT CTC CAC CTC TAC TGC

CD20 CD20 for CAA CTG TGA ACC AGC TAA TCC C 163 bp
CD20 rev CCA TTC ATT CTC AAC GAT GCC AG

CD25 CD25 for ATC AGT GCG TCC AGG GAT AC 196 bp
CD25 rev ACG AGG CAG GAA GTC TCA C

CD69 CD69 for2 TTG GCT ACC AGA GGA AAT GCC 164 bp
CD69 rev2 CAG TCC AAC CCA GTG TTC CT

Transcription factors NF�B NFkB for2 ATC ATC CAC CTT CAT TCT CAA CTT G 149 bp
NFkB rev2 ATC CTC CAC CAC ATC TTC CTG

I�B � IkappaB for AAC AGG AGG TGA TCG ATA AGC TG 138 bp
IkappaB rev CCT TGT AGA TAT CCG CCT GG

Reticulocyte genes �-globin alpha-gl. for AGA CCT ACT TCC CGC ACT TC 275 bp
alpha-gl. rev CAG AAG CCA GGA ACT TGT CC

�-globin beta-gl. for GTC CAC TCC TGA TGC TGT TAT G 240 bp
beta-gl. rev TGT CAC AGT GCA GCT ACA TC

�CP1 aCP1 for CCA CCC ATG AAC TCA CCA TTC 160 bp
aCP1 rev GCA GAG CCA GTG ATA GTA ACC

USF1 USF1 for AGA TTC AGG AAG GTG CAG TGG 121 bp
USF1 rev CCA TTC TCA GTT CGG AAG ACG
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Table 1 (Continued )

Group Gene Primer name Primer sequence 5′ → 3′ Product length

CP2 CP2 for3 TCT TCG TTT ACC ATG CCA TCT ATC 178 bp
CP2 rev3 CAT GCT TCT TCC TGA AAG TTC TG

Other genes Androgen receptor AR for CCA CTT CCT CCA AGG ACA ATT AC 126 bp
AR rev TGG ACT CAG ATG CTC CAA CG

TNF� TNFb for TGC TCA CCT CAT TGG AGA CC 149 bp
TNFb rev AGT AGA CGA AGT AGA TGC CAC TG

ACA GGA CCT CAG CAG GAC 272 bp
GAG GCA ATG GTA CAA CCT TGG
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CD27L CD27L for
CD27L rev

mplification efficiency was not known, the assumption of identi-
al amplification efficiency 100% was made, allowing more simple
uantification model.

The Ct values of each gene were averaged by arithmetic mean
or each animal. The obtained mean Ct values were then translated
o normalized expression quantities using two reference genes in
form of normalization index. The normalization index was calcu-

ated as an arithmetic mean of the Ct values of the two reference
enes:

eference index = mean(CtACTB, CtGAPDH) (1)

Then, the expression of every target gene was calculated rela-
ively to the expression of the housekeeping gene as:

ormalized expression = 2reference index

2Ct target gene
, (2)

here the 2 represents the 100% amplification efficiency. The nor-
alized expressions of the timepoints 16 and 90 days were then

ivided with the normalized expressions of the baseline (predose),
enerating the expression ratio R as:

timepoint/baseline = normalized expressiontimepoint

normalized expressionbaseline
(3)

The expression ratio R was then analysed statistically. The
ox–Whisker plot was constructed to facilitate visual screening of
egulated genes (Figs. 1–3).

The objective of the statistical analysis was to disclose genes
ith significant regulation between control group and any of the

reated groups. It was not intended to perform all treatment-to-
reatment tests for all genes in order to avoid statistical type I error
false positive difference). Hence, ANOVA model was calculated on
he log2 transformed R values employing the SAS procedure GLM
ith contrast sentence defining the control group as the contrast

roup for all treatment groups, thus adjusting the overall test con-
dence level to the number of relevant comparisons only. Further
djustment of the overall confidence level with respect to number
f investigated genes was not performed. Hence, this study is to
e considered as purely explorative whereas significant findings
ere indicate candidate biomarkers. Tests generating significant
p < 0.05) results were reviewed based on descriptive parameters of
he compared groups and visually by means of the Box–Whisker
lots to disclose possible outliers. As comparable trends were
bserved between the three treatment groups, no further test were
roduced.

To disclose multivariate response to the treatment, the method
f principal component analysis (PCA) was employed using GenEx
. 4.3.3 (multiD Analyses AB, Göteborg, Sweden). PCA involves a
athematical procedure that transforms a number of variables

here normalized expression values) into a smaller number of

ncorrelated variables called principal components. By this the
imensionality of the data is reduced to a number of dimensions
hat can be plotted in a scatter plot, here two dimensions. The
rst principal component accounts for as much of the variability

n the data as possible, and each succeeding component accounts
Fig. 1. Significant regulation for IL-15 (A) and TNFR2 (B) between control and treated
samples after 16 days of treatment. Box plots show the median, mean (spot) and
standard deviations.

for as much of the remaining variability as possible. Normalized
expression values of all responding genes were taken as the initial
variables and reduced to two principal components only, facilitat-
ing thus resolution of treatment clusters in the scatter plot (Fig. 4).
Similarly, also each gene was analyzed by PCA taking its response in
each sample as the initial variable and plotted in two dimensional
scatter plot. This facilitated resolution of co-regulated genes (Fig. 5).

3. Results

3.1. RNA quality

The mean (±std.dev.) RIN value of the blood samples were 7.5
(±4.8) at predose, 8.5 (±5.0) on day 16 and 7.7 (±4.2) at day 90
indicating a well intact RNA.
3.2. Primer testing and gel electrophoresis

Primer pairs of 40 genes were successfully used in qRT-PCR anal-
ysis to get single peaks and uniform melting curves, as well as a
specific single band in high resolution agarose gel electrophoresis.
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Fig. 2. Significant regulation for the proinflammatory interleukins IL-12B (A) and
IL-15 (B), between control and treated samples after 90 days of treatment. Box plots
show the median, mean (spot) and standard deviations.

Fig. 3. Significant regulation for the apoptosis regulators CD30L (A), Fas (B), TNFR1 (C) an
plots show the median, mean (spot) and standard deviations.
Fig. 4. Principal components analysis (PCA) for the six regulated genes IL-12B, IL-
15, CD30L, Fas, TNFR1 and TNFR2 in the control group (black dots) the testosterone
treated group (grey cross) the low dosed SARM group (grey squares) and the high
dosed SARM group (grey triangle).

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.

Significant down-regulation of gene expression of the treat-
ment groups compared to the control group could be identified
for IL-15 (p = 0.0093) and TNFR2 (p < 0.0001) after 16 days (Fig. 1)

d TNFR2 (D) between control and treated samples after 90 days of treatment. Box
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ig. 5. Principle components analysis (PCA) for the regulated genes in all four groups.
rey spots show the interleukins and black spots show the apoptosis regulators.

nd for IL-15 (p = 0.0498), CD30L (p = 0.0435), Fas (p = 0.0032),
NFR1 (p = 0.0308) and TNFR2 (p < 0.0001) after 90 days of treat-
ent. Significant up-regulation of gene expression of the treatment

roups compared to the control group could be observed for IL-12B
p = 0.0240) after 90 days of treatment (Figs. 2 and 3).

In the control group high variability could be observed compared
o the treatment groups as indicated by the Box–Whisker plot. This
eflects the natural variability of the non-induced expressing in
ach studied subject.

Principal components analysis (PCA) is a technique used to
educe multidimensional data sets to lower dimensions for analy-
is. Fig. 4 was obtained by plotting all samples of the four treatment
roups by their two principal components obtained from the six
esponder genes. Black dots represent samples of the control group,
rey crosses show the testosterone group, grey squares represent
he SARM1 group and the grey triangles display the SARM10 group.
distinct control group can be seen, showing that there was a multi-

ranscriptional response to the treatment by any of the three drugs.
n addition, the SARM1 neighbors to the control group, creating
hus a transition to the Testosteron group and the SARM10 group. In
ig. 5 the six responder genes are clustered. Black dots show apop-
osis regulators and grey spots display the interleukins. A distinct
luster of TNF receptors can be resolved.

. Discussion

In this study changes of gene expression in blood cells caused by
reatment with LGD2941 or testosterone were evaluated in order to
ompare the effects of both treatments on gene expression in blood
ells. Further aims were the description of physiological effects and
he identification of potential biomarkers for the treatment with AR
igands.

The main physiological effect that could be observed in this
tudy is the down-regulation of various apoptotic marker genes in
ll three treatment groups. This is shown by the significant regu-
ation (p < 0.05) of the apoptosis receptors Fas, TNFR1, TNFR2 and
he apoptosis ligand CD30L. All regulated apoptosis factors belong
ither to the TNF Family (CD30L) or to the TNF-Receptor Family

TNFR1, TNFR2, Fas) [18]. It is already known that the death recep-
or Fas plays a dominant role in the programmed cell death of
ymphocytes [18]. When B- and T-cells are activated they get sensi-
ized to Fas mediated apoptosis. On resting peripheral lymphocytes
as expression is low or even absent. Activation of B- and T-cells
y & Molecular Biology 114 (2009) 167–173

results in up-regulation of Fas mRNA [18–23]. Down-regulation of
Fas after 90 days of treatment can be a hint to a down-regulating
effect on the immune response. The death receptors TNFR1 and
TNFR2 activate apoptosis via binding of TNF-� or TNF-�. Binding of
the ligand to TNFR1 or TNFR2 can stimulate apoptosis and activate
NF�B, whereas in most cases TNFR1 is responsible for these signals
[18]. Ligand binding to TNFR2 leads to proliferation of thymocytes
[24]. While TNFR2 expression is already regulated after 16 days of
treatment, regulation of TNFR1 is only regulated after 90 days of
treatment. A reason for this phenomenon could be that the mRNA
expression of TNFR2 is inducible whereas expression of TNFR1 is
not [24]. CD30L, a member of the TNF ligand superfamily is known
to induce apoptosis by binding to its receptor CD30 and is expressed
on activated T-cells [25,26]. Down-regulation of CD30L could also
be observed after 90 days of treatment.

The down-regulation of these apoptosis regulators suggest that
the immune response is suppressed by the treatment with testos-
terone and the SARM. This observation is consistent with the fact
that testosterone has a suppressive effect on the immune system
[27–29].

The gene expression of IL-12B – a subunit of IL12 – is up-
regulated after 16 days of treatment. The main producers of IL-12
are monocytes, dendritic cells and activated macrophages. It pro-
motes IFN-� production by CD4 positive T-cells and stimulates
proliferation and cytotoxic activity of T-cells and natural killer cells
[30]. Gene expression of IL-15 is down-regulated after 16 and 90
days of treatment. It is produced by epithelial cells, fibroblasts,
activated monocytes and dendritic cells. It acts as a T-cell activat-
ing factor but is not expressed by T-cells themselves [31]. Another
important function of IL-15 is the up-regulation of natural killer cell
survival and it promotes the production of IFN-�, GM-CSF and TNF
by natural killer cells [32–34].

Regarding the Box–Whisker plots it can be observed that the
statistical variance in the control group is higher than in the treat-
ment groups. The reason for this could be the natural variability of
the non-induced expression in each studied subject. Suppression of
gene expression by an external stimulus like treatment with testos-
terone or the SARM reduces natural variability of gene expression.

The PCA shows that both drugs show equivalent response and
that the treatments differ from the control.

The second aim of this study was to find potential biomarkers
for the use of the SARM. If the physiological effects of testosterone
and the SARM are compared it became obvious that the SARM is
active similar to natural androgens. The regulated genes found in
this study can act as first biomarker candidates for the development
of a screening pattern in whole blood. To confirm these biomarker
candidate genes more studies will be helpful. In primary cell cul-
tures or in further in vivo experiments it could be determined if
the suggested parameters are independent of age, sex and immune
status.
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