S

library/CASE Interlibrary Loan

fi.Lliad TN: -6

rl
&

Cleveland Health Science

Location. ALLEN Problem Shelf

Cail &
ISSM 10V2-3714 (Prind)

Journal Title: Maropause (New York
MY

Voiume: 10 issue: 4
MonthiYear: 2003
Pages: 282-8

Article Author: Dimitrakakis C; Zhou J:

‘Wang J; Belanger A; LaBrie F

Article Title: A physiologic role for
testosterone in limiting es

Imprint:

Received: £

Borower: OHUDAD
Leniding String:

Meed By, H/A

- Raguiar
ARIEL
Chargé :
Maxcost: $45.08

Shipping Address:

Fordhaim Health Solences Library, ILL
Wright State University

3640 Calonel Glenn Hwy

Dayton Ohio 45435-0001

Fax: 937-775-2232

Ariel: 130.108.121.58

Phene: 937-775-4110

Notes:

GMR-RL PLEASE ARIEL iF POSSIBLE.
THANKS



£
stimulation of the breast

Constantine Dimitiakakis, MD, Phix' Jisn ?l.ou, M, PAD, Jie Wang, 1 M2,
Alain Belanger, PhD,” Fernand LaBrie, MD,” Clara Cheng, PhD,’ Douglas Powell, Phis," and

Carolvi Bondy, MD'

ABSTRACY

Obieciive: The normal ovary producss abundant testosteroms fiv addition to sstradiol {E } aiid
~rogesterone, but usually only the latter two hormones are “replaced” in the treatment ol ov
fuilure and menopause. Some clinieal and genesic evidence suggests, however, that endogenous
androgens normaliy inhibit estrogen-induced mammary epithelial protferation (MEP) and theroby
may protect a.gz!.:nst breast cancer.

Desipn: To investigate the role of endogenous androgen in regulating mammary epithelial pro-
liferation, norinal-cycling rhesus monkeys were treated with flutarnide, an andro&en receplor an-
tagonist. To evaluate the effect of physiological testosterone (1) supplementation of estroger: re-
placement therapy, ovaricctomized monkeys were treated with E, E, plus pregesterone, E; plus T,
or vehiele.

Resuits: We show that androgen receptor blockade in normal female monkeys results ma morc
than twofold increase in MEP, indicating that endogenous androgens normally inhibit MEP. More-
over, we show that addition of a small, physiological dose of T to standard estrogen therapy almost
compietely attenuates estrogen-induced increases in MEP in the ovariectomized monkey, suggust-
ing that the increased breast cancer risk associated with estrogen treatment could be reduced by T
supplementation. Testosterone reduccs mammary epithelial estrogen receptor (ER) o and increases
ERB expression, resulting in a marked reversal of the ERo/f ratio found in the estrogen-treated
monkey. Moreover, T trcatment is associated with a significant reduction in mammary cpithchial
MYC expression, suggesting thai T's antiestrogenic effects at the mammary gland involve alter-
ations in ER signaling to MYC.

Conclusions: These findings suggest that treatment with a balanced formulation including all
uvarian hormones may prevent or reduce estrogenic cancer risk in the treatment of girls and worren
with ovarian failure.

Key words: Breast cancer - Estrogen — Androgen - Proliferation — Estrogen receptor.

he normal ovary produces estrogen, andro- and cancer, an effect that is prevented by the coadmin-
gen, and progesterone (P,), with androgen istration of P,, which opposés estrogen’s cifect upon
production excecding that of estrogen by scy- uterine cells. Unfortunately, P, does not oppose estro-
eralfold.’ “Replacing” estradiol (E,) alone in gen’s stimulatory effect on mammary epithelivm. and
women with ovarian failure causes uterine hyperplasia pharmacologic estrogen therapy with or without i 4 is
. i . a‘:’%ocmtpd mth an mc1cach risk of bruaqr cancer.” A
Lo e G iy of s e v 0t 1
E.‘hild Hea]th and Human Development, ]\'atianai In(stimtcs :)f Health, gEens may SUppress the gnwth ofman’\rv‘a"'-‘ eplthL‘llum
Bethosdz, Maryland; the *Centre de Researche, Centre Hospitalier, Lini- and potentially inhibit estrogen’s cancor-promoting ac-
versitaite de Quebee, Quebee, Canada; and the Velerinary Rescarch tivify in this target tissue. For ux a“’”pfe female athletes
ngffdao&::}:deE&cmh Servicos, National Instimtes of Health and transsexuals taking androgenb experience atrophy
Address reprint requests to Carolyn Bondy., MD, Bldg. 10/10N262, 10 Cen- of breast gl‘mdular tls“’u‘” ~ and androgens have been
ser Drive, Bethesda, MD 20892, E-mail: bondyeexchange nih.gov. used with success comparable to that of other hormenal
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areast cancer {eviewed in i
Preceptor { Al
th the growtis ol breas
muiations are Saund o oen with broast canesr
Moreover, reeonl evidenes po i linkage
hetween notersed carnver nsk i womes carrving both
ertereied AR-CAG repeats fencoding hypoactive ARs)
and BRCOAT mutations or positive family history of
breast cancer.''* Moreover, there seems to be a pro-
teciive etfect associated with short AR-CAG alleles en-
coum;, higher 'm[m*y AR, although not all studies
find this association.’ :

Girls and women with complete loss of ovarian func-
tion due, for cxample, w gonadal dysgenesis, chemo-
therapy, or ovanectomy, have a significant reduction in
endogenous androgens because the ovary normally
produces about 50% of androgens present in the circu-
lation. Despite this deficiency, they are rarely given an-
drogen replucement. Women taking cstrogen in the
form of oral contraceptives or menopausal hormone re-
placement therapy (HRT) have not completely iost

ton or iMockado s
. ) ..
swnen, T and AR

S

associaiod w

ovartan function but often experience reduced endog- -

enous androgen activity. This 1s because estrogen sup-
presses gonadotropins, leading to reduced ovarian an-
drogenesis, and increases sex hormone-binding
globulin levels, resulting in reduced androgen bioavail-
ability, although the extentl to which the postmeno-
pansal ovary produces significant amounts of androgen
is unclear.’ Thus, conventional estrogen therapy may
promete breast hyperplasia not only through direct es-
trogen exposure but also through reduction of endog-
enous androgen cffect. The aim of the present study
was to evaluate the role of endogenous androgens on
marmary epithelial proliferation by blocking the AR
1 normal cycling monkevs and to determine whether
supplementation of conventional estrogen replacement
therapy with low-dose, physiological T replacement
could inhibit estrogenic stimuiation of the breast.

METHODS
Effects of AR inhibition with flutamide

Female rhesus monkeys (Maceea mudattay 6 to 13
years of age from the National Institutes of Health
Poolesville colony were used in accordance with a pro-
tocal approved by the NICHD Animal Care and Use
Committce, Those monkeys were randomly assigned to
two groups {(# = 6 or 7 per group) receiving vehicle or
flutamide {400 mg'kg for 3-month, sustained release;
Innovative Research, Sarasota, FL) pelicts inserted
subcutaneousiy between their shoulder blades under
ketamine anesthesia. The weightls of these monkeys

rangad from 5.2 to 6.0 kg {moan of 6.6 k) Al mon-
ceve had as least Ihree e r menstrual oycles before
participation in the sudy and continged Lo gvele
E.1=.§_J throughout ireatmernt. Three monthy lates, mar
mary gla‘m vigpsies were ohizined under xetam..m: an-
esthesia ang Nash frozen, Sections of 10w thickncss
were cut at (3°C and thaw-mounted onio poly-1-
l)'sme coated slides for histochomical analvsis. PIEI‘%I"}R
chizined from these animals was extracted and an:
Iyzed using an HPLC system and Sciex APL 3000 tr:pie
quadrupole mass spectrometer, equipped with Turbo-
lonSpray to measure flutamide. The flutamide level in
the group of active treated animals was 8.21 £ (.58
ng/ml. {mean + SEM).

Effects of physiological hormone replacement

For the hormione replacement experiments, ovariec-
tomized animals were randomly assigned te four
groups (2 = 4 or 5 each) receiving vehicle or 3-day,
sustained relcase hormone-containing peliets inserted
subcutaneousty between their shoulder blades under
kctamine anesthesia. The E, group received 178-
estradiol pellets (2.5 myg); the E,/P, group received
hoth 178-cstradiol (2.5 mg) and P, (10 mg) pelicts. The
E,/T group received 17p-estradiol (2.5 mg) and T (35
ug'kg) pellets. After 3 days, the animais were sedated
with ketamine and then euthanized with pentobarbital
(65 mgikg).

Evaluation of mammary epithelial proliferation

Mammary tissuc was removed and processad for im-
munochistochemical detcction of the proliferation-
specific Ki-67 antigen, as described clsewhere.”” To
determine the marnmary epithelial proliferation index,
a blinded observer scored 200 to 300 nuclei per section
microscopically. Two to three sections were scoved (0
obtain mean values for cach animal.

ERa, MYC (Novocastra from Vector, Borlingame,
CA; dilutions 1/40 and 1/200, respectively) and ERf
(GeneTex, San Antonio, TX; concentration § pg/mL}
monoclonal antibodies were used for the immunchis-
tochemical detection of the cognate antigens in frozen
mammary tissue sections from the present study and
from similar experimental groups from a previous
study,’® following the same protocol used for Ki67. ER
expression was quantified as percentage of positive nu-
cler after evaluating approximately |,000 ceiis per ani-
mal. as deseribed for Ki67. MYC immunostaining was
predominantly cytoplasmic and rather widespread in
mammary cpithelial cells, so the relative intcnsity of
the cytoplasmic staining was graded, using a scale of |
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FIG. 1. Mammary epithelial rolifczétinn shown by Ki67 tomu
ary ep P

regative control section (0), TG ia 0w
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F.. fevels show no sivtistizally significant difference benacen estrogon-
treared groups. MEP, as indicated by KioT imvaunchistochemical ex-
presston. 15 significanily increased in the B, and E/P, groups, compared
with the control group: it retums to the comrol levels o the BT group.
Dhaig arc mesn = SE. K., csiradiol, Py, progesterene; T, testosterone,

*F o (LOGE with respect o the control group.

"7 = 0107 v control, 0.001 v the E, groug, and 0.005 v the 1,/P, proup.

wy 4. Raw data on ER and MYC expression from each
animal were normalized to the contemporancous, ve-
hicte-treated control group means, and normalized data
for cach treatment group from the two studies were
pooicd for analysis, A MYC cRNA probe was synthe-
sized from a 250-bp ¢cDDNA fragment cncoding human
MY obtained from Ambion, Inc. (Austun, TX). Probe
synthesis and in sita hybridization protocols have been
described in detail previousiy.'® The specificity of the
in situ hybridization results was confirmed by the hy-
bridization of parallel sections to a scnse probe. The
hybridization gignal overlying mammary epithelium
was captured at x400 using a monochrome video cam-
era and the results unalyzed with NIH image v1.57 soft-
ware as previously described.”> A blinded observer ob-
tained four to six measurements from two to three
mammary tissue sections for each animal.

Statistical analyses

Data are expressed as group means with standard er-
ror, Group means were compared using analysis of
variance, and differences were assessed by Fisher's
lcast signficant difference test.

RESULTS
Effects of AR antagonism

To investigate the role of endogenous androgens in
regulating marmmary cpithelial proliferation, monkeys
were treated with flutamide, an AR antagonist.'’ These
animals demonstrated regular menstrual cycles before
flutamide (reatment, and both groups (vehicle, n = 6;
flutamide, w = 7) continued regular cycles throughout
the 3-month treatment period. The mammary epithe-
Hinn wias biopsied at the end of the third cycle, denoted
by appearance of menses. The tissue seemed histologi-
cally normal in flutamide-treated animals, bul prokif-

N

(\!’ i,

£% in fhrtamide proups; £ .02

contrpd v 156 4

Effecis o7 physiological hormene replacement

To evaluate the etfect of physiciogical T supplemen-
tation of estrogen replacement therapy, ovariectonzed
monkeys were treated with B, B, plus P (E,/P,1 &,
plus T{EL/T), or vehicle. B, lovels were similar inoall
E,-treated groups (Table 1) in a physiological range of
the normal menstrual cycie and were similar to fevelsin
oral contraceptive and HRT regimens. T lcvels were at
the limit of detection in all ovariectomized monkeys
save for the E,/T group, in which they were in the nor-
mal physiologic range for female monkeys and humans
{(~40 ng/dL). The mammary epithelial proliferation in-
dex was increased by approximately 3.5-fold in the E,-
and E./P,-treated groups but was not significantly in-
creased above control in the E./T group {Fig. 1.D-G
and Table 1).

In a previous study we found that ERe mRNA was
significantly reduced in the mammary epithelium of
E,/T compared with E,-treated animals.'© Tn the pres-
ent work we evaluated ER« and ERS immunoreactiv-
itics and lound a significant reduction in mammary ep-
ithelial ERe and increase in ERB expression in K-/T
groups compared with E; alone (Fig. 2A-D and Table
2). This effect by T results in a dramatic reversal of the
ERo/ERB ratio, which is appreximately 2.5 in the E -
treated group and approximately 0.7 in the E,/T group.
Because MYC is implicated as a mediator of estrogenic
tumorigenesis,'™!” we analyzed its expression in the
different treatment groups, finding that MYC immuno-
staining was significantly reduced in E,/T-treated ani-
mals (Fig. 2,E-H and Tabie Z). Furthermore, MYC
cxpression was positively correlated with ERo expres-
sion (P = 0.008 by simple regression analysis). MYC
mRNA expression evaluated using in situ hybridization
(data not shown} supports the immunohistochemical
results, with significant increases in E,- and E/P,-
treated animals (—~60%-70% increase compared with
control, £ << 0,001} and an approximately 50% reduc-
tion in Ey/T-treated ammals (2 = 0.05) compared with
the B,- and E./P-treated groups.

DISCUSSION

Estrogen-induced proliferation of mammary epithe-
lium is thought to underiie the assoctation between
gstrogen exposure and breast cancer, with total life-
time estrogen exposure constituting the major compo-
nent of an individuai’s rnisk for developing mammary

Meaomaie, Poll 10, Mo, 4, 20907 295



ot

woopiasia ®® The prosent study provides multisle lines
of evidence suggesiing that (s estrogen exposure risk
foir Dreast cancer may ve attenuaicd by androgens. The
aonual ovary produces abuindant androgen for release
into the circulation, and androgen levels are substan-
tiaily higher than estrogens throughout the normal fe-
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male lifespan. The impore
physioiogy has been largely overlooked, however, de-
gpite recent evidence that these “male” hosmones are
important for maintaiging lcan body mass (bone ana
musele) and libido in women as well as men 2= Even
wilh these considerations on the role of androgens in
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Tu. rone cotbined with E, sipuficantly decreases LR“ and MY anid
ERD fnununocxpression compared with B, alone
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YA =062 comparcd with i_. o T sroufr

2= (U002 with respeci Lo B2 T group.
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wamen, hormone therapy for girls and women gener-
ally includes only estrogen and progestin, a treatment
with the unintended effect of reducing net androgen ac-
tivity, winch may augment the risk ol estrogen cxpo-
sure. The demonstration in the present studv that ad-
mimstraiton of an AR anlagonist enhances manumary
epithetial proliferation in normal female monkeys con-
firms that endogenous androgens normally inhibit this
proiiferation. This study has also shown that restoration
of normal creulating T levels in E,-treated ovariecto-

mized animals largely prevents the estrogen-induced -

nercase in mammary epithelial proliferation, suggest-
ing thal androgen supplementation of HRT regimens
may bave stniar protective effects in humans, Sup-
porting this view, a recent study found that a low-dose
oral contraceptive induced robust mammary epithelial
proliferation in rats, but that addition of methyl-
testosteronc to the therapy significantly suppressed the
proliferation.” It is imporant to keep in mind, how-
ever, that species-specific differences in steroid pro-
duction and metabolism may influence net steroid ¢f-
feet upon mammary and other tissues.

It is noteworthy that this study also reveals clues
ahout the mechanisms whereby androgen limiis E, ef-
fecis at the breast. Androgens such as T and DHT tunc-
tion by hinding to the intracellular AR. a member ofthe
nuclear hormone receptor super family comprising
classic DNA-binding, hormone-binding and activation
domains. AR cxpression is present in normal mammary
spithelium and in some breast cancer specimens and
cell lines.'®™2% A major androgenic effect demon-
strated in this in vive study is the down-regulation of
ERa and up-regulation of ERB cxpression, resulting in
reversal of the ERa-dominant receptor ratio found in
Us-treated mammary epithehum. Although both ERs
bmd E,, their signaling pathways and biological out-
comes seem different.®” For example, ERe augments
MY C expression and proliferation, whereas ERB does
not stimulaic MYC and may inhibit proliferation.”® [n-
terestingly, a reciprocal or inverse relationship between
expression of these two ERy is also reported in breast

AN MAMMAEY FRGLE

Caneer iis ,wherg LRS cxpre smn B al‘«u '.'r‘vr,rsa:
ik proliforation

vorrelated wi

reports a posilive corrsi Al ¥
mors. ! BRB cApressicn ay be views ‘d a5 i good gru

factor in breast cancer and is sperutated to be
protective against estrogenic care e

negenesis.”*
Henes, a key aspeet of androgenic protection of the
mammary gland may be alteration of the TRo/5 ratic in
favor of ERB, as shown in the present siudy,

An tmportaut conscquence of alteration in the ER
ratto 1s. down-regulation of F,-induced MYC cxpres-
ston. The MYC proto-oncogene induces mammary -
morigenesis,” and its amplification is linked with a
poor prognosis in breast cancer.*® The reduction in
mammary epithelial MYC expression could be second-
ary 1o reduced ERe«, supported by our finding of a sig-
nificant corrclation between MYC and ERa expres-
sion. Altermatively, it could be a more direct effeci of
androgen, becausc an inverse correlation hetween AR
and MY(“ cxpression 1s found in breast cancer tis-
sues.”” There are likely other mechanisms where by AR
activation inhibits mammary tumorigenesis. As noted
above, breast cancer risk in BRCAI-mutation carriers
is increased in women with an amplifted /\R CAG al-
lele encoding a reiatively inactive receptor,'’ raising
the intriguing possibility that androgen signaling and
BRCAT pathways may intersect. Supporling this pos-
sibility, there are reported interactions between the
BRCAT gene product and AR that augment AR signal-
ing, suggesting that the BRCA1 protein may be an AR
coactivator, >

CONCLUSIONS

In summary, the present data show that androgens
reduce mammary epithelial proliferation and regulate
mammary epithclial ERa and ERB and MYC expres-
sion, suggesting that androgens may protect against
breast cancer, by analogy withh P,-s protective effects
upon the uterus. These considerations suggest that
physiological estrogen/androgen “replacement”
therapy may be bencficial to girls and women with
ovaran failure.
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