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Effect of Testosterone on Plagque Development and
Androgen Receptor Expression in the Arterial Vessel Wall

Hartmut Hanke, MD, FESC; Christina Lenz; Beate Hess, BSc;
Klaus-Dieter Spindler, PhD; Wolfgang Weidemann, PhD

Background—Recent studies have suggested that testosterone has a protective effect in the arterial vascular sy
However, little is known about the molecular aspects of the mechanism(s) involved in these processes. The aim ¢
present study was to investigate the effect of testosterone on neointimal plaque development and on the express
the vascular androgen receptor.

Methods and Results-Neointimal plaque formation was induced by endothelial denudation in the aortas of male Ne
Zealand White rabbits. Aortic ring segments were cultured for 21 days after endothelial denudation. Testosterone
applied to the culture medium in different doses. Compared with the non—hormone-treated control group, a signifi
inhibition of neointimal plague development (expressed as the intima/media ratio) was found at testoster
concentrations of 10 ng/mIP&0.037) and 100 ng/mLR=0.012; intima/media ratios: median of controls, 0.25; median
of 10 ng/mL testosterone group, 0.15; median of 100 ng/mL testosterone group, 0.16). Associated with this inhibi
effect on plague size was a 50% increase of the amount of androgen receptor mRNA in the arterial segments treate
testosterone.

Conclusion—The beneficial effects of testosterone on postinjury plaque development underlines, at least in males,
important role of androgens in the vascular system. As our data suggest, the vascular androgen receptor is pro
involved in these processes. Further studies are required to characterize the androgen receptor—dependent pathy
the vascular systen{Circulation. 2001;103:1382-1385.)
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he role of androgens in atherogenesis is controvéysial were present). After sacrifice, the abdomen was opened under sterile
however, in recent years, several authors have found aconditions, and the connective tissue was removed from the aorta. A

number of beneficial effects of testosterone, at least in men. 3F-Fogarty catheter (Baxter Inc) was inserted below the iliac
bifurcation, and endothelial denudation was performed once with the

Animal studies have documented an inhibitory effect on inflated catheter. The aorta was then completely excised and cut into
plaque development in the cholesterol-fed rabbit médel, ~30 rings that were~5 mm in length; the segments were then
whereas in recent clinical investigations, acute hemodynamic randomized into different study and control groups. A total of 80
effects of testosterone on coronary vasomotion and stress-tesortic segments from 3 rabbits were used.
induced ischemia were observed. _ The aortic rings from the dn‘feregt syudy groups were kept separe’tte
- . S . . in 6-well plates for 21 days at 37°C in phenol red—free Dulbecco’s
Thus far, only limited information is available regarding  mqgified Eagle medium with Ham's F12 (Gibco) containing 4.5 g/L
the possible involvement of arterial androgen receptors in D-glucose, 15% fetal calf serum (Bio-Whittaker), and 5 mL/L
these processes. Thus, the aim of the present study was taenicillin streptomycin (Gibco). The medium for all groups con-

investigate, in an experimental model, (1) the dose-dependenttained 1% isopropanol and 1% dimethyl sulfoxide and was renewed
3 times a week, which included new testosterone application in

effects of testosterone on plaque development, (2) the eXpreS_different concentrations. Four different concentrations of testoster-

sion of the androgen receptor in arteries, and (3) possible one (sigma) were present for the 21 days after endothelial denuda-
dose-dependent changes of androgen receptor expressiofion (16 aortic segments in each group). One group of 16 aortic

induced by testosterone. segments without hormone application served as controls.
Methods Histological Examination
After 21 days under culture conditions, half of the aortic segments
Organ Culture System from each group were immersion-fixed in 4% paraformaldehyde

Twelve-week-old male New Zealand White rabbits were used for the solution, embedded in paraffin, and cut inua slices. After elastica
present study. The rabbits received standard chow without choles-van-Gieson’s staining, the neointimal and medial areas in the
terol (Altromin Inc) and were housed individually (no female rabbits histological cross-sections were measured morphometriedilye

Received November 20, 2000; revision received January 12, 2001; accepted January 19, 2001.

From the Department of Internal Medicine/Cardiology and the Department of General Zoology and Endocrinology, University of Ulm, German

Correspondence to Hartmut Hanke, Department of Internal Medicine/Cardiology, Robert-Koch-Str 8, 89081 Ulm, Germany. E-n
hartmut.hanke@medizin.uni-ulm.de

© 2001 American Heart Association, Inc.

Circulation is available at http://www.circulationaha.org

1382



Hanke et al Testosterone, Plaque, and Androgen Receptors 1383

Figure 1. A, Histological cross-section of rab-
bit aortic segment after balloon denudation
without hormone treatment (control group)
showing neointimal plague formation at site of
injury. B, Histological cross-section of aortic

segment treated with testosterone at a con-
C t treated with testost t
centration of 10 ng/mL. As a result of inhibi-
0.40 pr—E— tory effect of testosterone, plaque develop-
ard cuartie ment was reduced (Elastica van Gieson’s
0.35 - m;ian staining; original magnification, x50). | indi-
1st quartile cates neointima; M, media; and l.e.i., lamina
0.30 ainkaum elastica interna. C, Bar graph showing intima/
o media ratio after morphometric analysis of
‘§ i neointimal plaque size and medial area. Signifi-
0.25 - cant reduction of plague development was
% — found with 10 ng/mL and 100 ng/mL testoster-
g 0.20 - ¥ *k one. *P=0.037; "*P=0.012.
g 0151 —_ -
=
£
0.10 4
0.05
0.00 T T T T
controls 0.1 1 10 100

testosterone [ng/mli]

ratio of intima to media was then calculated and used for statistical Statistical Analysis

evaluation. The range of data, the median, and the first and third quartiles are
shown for the morphometric data (intima/media ratio). Multiple

Reverse Transcription—Polymerase Chain ANOVA with 5 repeated measures was performed to determine the

Reaction Analysis significance of differences in the extent of neointimal plaque

development and androgen receptor expression (adjusted for
GAPDH expression by using the individual densitometric data). For
presentation in figures, the GAPDH-adjusted expression of the
androgen receptor was calculated as percent changes from the
control group in mean SEM. Differences were considered statisti-
cally significant whenP<0.05.

For semiquantitative reverse transcription—polymerase chain reac-
tion (RT-PCR) analysis, total RNA from the remaining segments of
each group was extracted using Trizol reagent (GibcoBRL). The
total RNA was reverse-transcribed using oligo(dT) primer and
reverse transcriptase from GibcoBRL. PCR was performed using
Taq DNA-polymerase (Roche). Primers for androgen receptor,
selected from the rabbit androgen receptor cDNA sequémcare
forward primer 5-TGAGGCACCTCTCTCAAGA-3 and reverse Results
primer SAAGGCACTGCAGAGAAGTA-3', which yielded a Morphological Data

495-bp PCR product. Reactions were performed for 32 cycles of gnqothelial denudation was associated with considerable

denaturation (60 s at 94°C), annealing (60 s at 60°C), and extension . :
(120 s at 72°C). The amplified products were separated on agaroseplaque development in the control segments (median of the

gels and quantified densitometrically (Multi-Analyst.1.1, Bio-Rad In_t!ma/medla-rr?ltlo: 0.25; Flgu_re 1A). With tgstosterone, SIg-
Laboratory). Values obtained were standardized by using the level of hificant reductions of neointimal plaque size were found
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA, as (Figures 1B and 1C) at testosterone concentrations of 10 anc
determined by PCR. Primers, selected from the rabbit GAPDH 100 ng/mL (medians of the intima/media-ratio: 0.15 and 0.16,
cDNA sequencé,were forward primer 5GATGGTGAAGGTCG- respectively).
GAGTGAA-3' and reverse primer 55GTGAAGACGCCAGTGG-
ATT-3’, which yielded a 304-bp PCR product. Reactions were .
performed for 26 cycles of denaturation (60 s at 94°C), annealing (60 Androgen_ Re_ceptor Expression L .
s at 60°C), and extension (120 s at 72°C). As shown in Figure 2, we found a S|gn|f|F:ant increase of the
A total of 7 independent PCR assays of the testosterone-treated@mount of androgen receptor mRNA in the testosterone-
aortic segments were performed. treated segments at concentrations of 1 ng/mL and 10 ng/mL
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A B Considering the effects of testosterone on vasomotion, it

might be speculated that different pathways of action exist.

» - AR Nongenomic effects might be responsible for the observed

B :: ] - vasodilatation induced by the intracoronary administration of
L 0 01 1 10 100 testosterone in men with coronary artery diséased in

testosterone [ng/ml]

previous in vitro studie®? In previous experimental animal
studies? 6 a sex-specific difference in the action of testoster-
one and estrogen was found. Testosterone in male rabbits ha
an inhibitory effect on plaque development, but in female
rabbits, an atheroprogressive action of testosterone was

to GAPDH (control
3

a0 GAPDH

Relative amounts of AR mRNA normalized

controls 0.1 1 10 100 0L o 100 found?
testosterone [ng/mi] testosterone [ng/mi] : o L .
These findings indirectly provide support for the hypothe-
Figure 2. A, Bar graph showing a dose-dependent effect of tes- sis that arterial sex hormone receptors are probably involved
tosterone on androgen receptor (AR) expression analyzed by as one part of the genomic actions of sex steroids on the level

semiquantitative RT-PCR. Compared with controls, a nearly fth terial | m
50% increase in amount of androgen receptor mMRNA was found ortne arterial vessel wait. ]
at concentrations of 1 and 10 ng/mL testosterone (*P=0.032; Androgen and estrogen receptors are present in vascula

**P=0.035). B, Representative examples of androgen receptor smooth muscle cells,12 human macrophages, human
and GAPDH RT-PCR qmplifications. Amount of androgen recep- megakaryocytes, and platelégs# Interestingly, McCrohon
tor mRNA increased with testosterone. o . .

et al> found sex-specific differences in androgen receptor
expression in human macrophages. Furthermore, in humar
megakaryocytes, the androgen receptor was upregulated by
testosterone at a concentration of 10 nmol/L, whereas down-
regulation occurred at a concentration of 100 nmét/L.
Considering the observations in other target tissues and
androgen receptor—containing cell lif€ésthese findings

Using data from previous animal studisit was postulated derline th lexitv of and i lation b
that genomic actions are involved in mediating the protective unceriine the complexily of androgen receplor regutation by
androgens, which involves several levels, including transcrip-

effects of testosterone in the process of atherosclerosis. We

. - tional, translational, and post-translational mechanisms.
hypothesized that vascular androgen receptors might play an . -
. o . In conclusion, our present data suggest the involvement of
important role in signaling the testosterone effects on the

level of the arterial vessel wall. Therefore, our study was the arterial androgen receptor in mediating the beneficial

. . - \% lar eff f rone. However, further work i
designed to investigate the effect(s) of testosterone on plaque ascular efiects of testosterone. However, iurther work is

. required to characterize the intracellular signal transduction
development and arterial androgen receptor mRNA . . . .
expression pathways of testosterone action, including the possible aro-

The present work is the first showing an uprequlation of matization of testosterone to estradiol, and the role of in-
prese ) 9 preg .. volved vascular sex hormone receptors.
the expression of arterial androgen receptor mRNA with
te_st(_)]fterone,dthls_ uprfegula_thn vlvals alsodassclJmated V\1|tr_1 a Acknowledgments
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Because our morphological findings conform with previ-
ous in vivo studies in the rabbit mod&t,the organ culture - o
iaht b ful and ropriate model to investiat 1. Alexandersen P, Haarbo J, Christiansen C. The relationship of natural
SyStem m'g. € a usetul and appropriate model to : estigate androgens to coronary heart disease in males: a revidverosclerosis
direct steroid hormone effects at the level of the arterial vessel  1996:125:1-13.
wall without the interference of humoral factors. An addi- 2. Bruck B, Brehme U, Gugel N, et al. Gender-specific differences in the
. . effects of testosterone and estrogen on the development of atherosclerosi:
tional advantage of the organ culture model is the fact that /i Averioscler Thromb Vasc Bioll997:17:2192-2199.
complete aortic segments were used, which allows for con- 3. alexandersen P, Haarbo J, Byrjalsen et al. Natural androgens inhibit male
ventional histology and detailed molecular analysis. Because atherosclerosis: a study in castrated, cholesterol-fed ralits. Res
the standard chow the rabbits ate before starting the experi-  1999,84:813-819.

. K dditi | infl f oh 4. Webb CM, McNeill JG, Hayward CS, et al. Effects of testosterone on
ment Contams_ soy protelr_l, additional Intluences o ) phy- coronary vasomotor regulation in men with coronary heart disezise.
toestrogens might be possible. However, at least during the  culation 1999;100:1690-1696.

21 days of Organ Culture Conditionsl Such eﬁects can be 5. Rosano GMC, Leonardo F, Pagnotta P, et al. Acute anti-ischemic effect
excluded. The organ culture model is limited by the lack of an g;_tfgé%sﬁ'gg in men with coronary artery disedsieculation. 1999;
additional influence of cholesterol during plague develop- 6. Hanke H, Hanke S, Finking G, et al. Different effects of estrogen and
ment. The induced neointimal lesion in that model is there- progesterone on experimental atherosclerosis in female versus male
fore m lv the r It of th ivation an roliferation of rabbits.Circulation. 1996;94:175-181.

ore mostly the result of the act at.o and proliferation o 7. Krongrad A, Wilson JD, McPhaul MJ. Cloning and partial sequence of
vascular smooth muscle cells, which represents Only one the rabbit androgen receptor: expression in fetal urogenital tissues.

(albeit essential) part in the process of early atherogepesis. Androl. 1995;16:209-212.

testosterone (standardized on GAPDH expression). In higher
concentrations of testosterone, no further increase of the
amount of androgen receptor mRNA occurred.

Discussion
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