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Table 2.
(A) Estrogan production levels in MCF-7 and MCF-7co
Calls Substrates Concentrations™"
E2 E1
MCF-7 AD an2 0is
TST 0.07 0ls
MCF-7c0 AD 0.04 034
18T 015 005
(B) Estrogen production ratios in MCF-7 and MCF-7¢s
Calls Substrates Conversion (%)*
AD—El TST—E2
MCF-7 AD 005 028
TST 0.63 a0
MCF-Ten AD 009 041
T8T 04 0.04
{C) mRNA levels of 17p-HSDs and Sa-reductases in MCF-7 and MCF-T¢q cells
Calls mANA levels (mean + SD), %
HSD1781 HsSD1782 HSD17B3 HSD17B4 HSD17B5
MCF-7 0.175 + 0076 0.040 £ 0005 0066 = 0.114 0016 £ 0.027 0.187 £ 0091
MCF-Tco 0,553 = 0.047 0.009 £ 0016 Q170 + 0.061 0014 £ 0.024 0323 £ 0172
P 07 0.030° 0.233 0927 0293
Abl fons: AD, androstened E2, I; E, estrone; TST, testosterone; MCF-7cp. after cocultire with 32N for 24 h
*Mesnof n - 2
11n picograms per milliliter per 10" cells.
Significant difference: n = 3: in percent of RPLI3A.

buman breast carcinoma tissues. Therefore, the possible effects of

ASFs secreted from stromal cells on aromatase expression in

reported to be a positive regulator for aromatase gene expression
in SK-BR-3 breast carcinoma cells (11), but not in the 3T3-L1
dipocyte cells (39). ERRa is also known to bind to silencer

parenchymal or carcinoma cells remained largely unknown possibly
due to the reported low or no detectable aromatase enzyme levels of
MCF-7 cells (26-29). Exogenous human epidermal growth factor (26),
transforming growth factor (26), and keratinocyte growth factor (36)
have all been reported to stimulate aromatase activity in MCF-7 cells
In our study, coculture of MCF-7 cells with stromal cells derived from
b breast carcinoma tissues markedly induced the aromatase
expression and activity in MCF-7 cells. Although we have not
Investigated which of the specific ASFs influence the expression of
endogenous aromatase in MCF-7 cells, the ASFs described above
could all be secreted fram fibroblastic stromal cells adjacent to
carcinoma, especially at the sites of stromal invasion, and have an
influence. The precise ASFs involved would require further inves-
tigations to clarify their actual role.

The signals mediated through various nuclear receptors, iaclud—
ing orphan nuclear receptors, have been postulated to influence
aromatase activity and expression in breast carcinoma or paren-
chymal cells (10, 11, 37, 38). In our study, we showed that aromatase
expression was closely associated with ERRe, VDR, GCNF, and TRA
expression in breast carcinoma cells. ERRo has been previously

el:numlslocalﬂihemempmmulgr L3 and 1 of the aromatase gene,
which results in increased aromatase transcript levels in SK-BR-3
cells (11). The results of our study, including microarray expression
profiling analyses, as well ns those of a previously reported study
(23), all showed that ERRa expression is positively correlated with
aromatase expression in | breast carci or parenchymal
cells, but not with stromal cells or whale breast tissue containing
both carcinoma and stromal cells (23). Therefore, ERRa is
considered a key regulator of intratumoral estrogen production in
h breast carci or parenchymal cells, but not necessarily
in stromal cells, However, there have been no studies reported on the
possible correlations between aromatase gene expression and VDR,
TRA, or GCNF genes. VDR was well known as one of the estrogen
target genes with an estrogen-responsive element in its promoter
lesion (40). Therefore, the expression of VDR may be induced by
estrogens synthesized by aromatase in h breast carci

cells. A statistically significant negative correlation was detected
between aromatase and GCNF. GCNF was reported to be able
to inhibit ERRa-mediated transactivation in human placental
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choriocarcinoma cell lines (41). Therefore, GCNF may inhibit
aromatase expression through the down-regulation of ERRa-
mediated transactivation. The significance of TR expression in
breast carcinoma cells has remained largely unknown. The mRNA
levels of ERRa, TRE, and GCNF in MCF-7 cells were, however, not
increased following the coculture with stromal cells. Therefore, ASFs
released from stromal cells may increase aromatase mRNA
transcript levels through an interaction with these nuclear receptors
above, but it awaits further investigations for clarification.

In the estrogen production assays, a relatively high rate of
conversion into estradiol was detected in MCF-7¢q, but not MCF-7
cells alone following the treatment with testosterone as the
aromatase substrate, Aromatase catalyzes testosterone into
estradiol but not into estrone, whereas estrone is converted from
androstenedione by aromatase (42). In our study, the level of
estrone was decreased in MCF-7¢o compared with MCF-7 alone
following the treatment with testosterone. Estrone is therefore
considered to be converted from testosterone via androstenedione
by 17p-HSD2. We also showed that the low level of 17p-HSD2
mANA and the high level of 173-HSD1 were detected in MCF-7¢q.
but not MCF-7 alone. These findings all suggest that the rate of
conversion into estrone in MCF-7-, was lower than that in MCF-7
cells alone following the treatment with testosterone but not with
androstenedione as the aromatase substrate. Interleukins were also
shown to regulate 173-HSDs mRNA and activity in human breast
carcinoma cells (39, 43). Therefore, 178-HSD1 expression may also
be regulated by the factors released from stromal or carcinoma
cells in addition to aromatase.
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The coculture system used in our study could provided
important information with regard to the evaluation of the
intratumoral microenvironment such as cell-cell interactions and
these soluble factors (44). It is also considered a useful model
for examining the effect of medications on breast carcinoma
patients. The adhesive microenvi luding cell-matrix
interactions and cell-cell interactions, plays an important role in
the development of both the normal mammary gland and breast
carcinoma (44). The results of our study also showed that
aromatase inhibitors were more effective on aromatization
increased by coculture of MCF-7 cells than In stromal 32N cells
alone. These results suggest that the aromatase in parenchymal or
carcinoma cells is the more important target for aromatase
inhibitors in breast cancer patients because of the more effective
decreases In aromatase activity in carcinoma cells. Therefore, it is
clinically important to evaluate the localization of aromatase in
breast carcinoma tissues to evaluate the possible efficacy of
aromatase inhibitor treatment. However, it awaits further exami-
nations to clarify all the interactions among the different cell types
in h breast i

nent, i

Acknowledgments

Received 5/22/2006; revised 12/24/2006; accepted 2/2/2007,

Grant support: The Yasuda Medical Research Foundation. Osaka, Japan.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 US.C. Section 1734 solely to indicate this fact

We thank Katsuhike Ono and Toshie Suzuki (Department of Pathology, Tohoku
University School of Medicine, Sendal, Jopan) for skillful technlcal essistances.

Br ] Cancer 2000:52
518-23.

1. Thorsen T, Tangen M. Stoa KF. Cnntunuthnd
cestradiol as related to

11, Yang C, Zhou D, Chen 5. Modulation of aromatase

sites in breast tumor cytosol Eur | Lmrf.'lillOnﬂ:l

1982 18:333-7,

2. van Landeghem AA, P J, Nak M, Thijssen
distribu-

End {an and subcellul

Uuneftum“mam'nnml-ndmdiguuhm
breast tissue. Cancer Res 1985:45.2900-6.
3. Miller WR, Anderson T], Jack W). Relatonship

3 in the breast tissue by ERR a-1 orphan

receptor. Cancer Res 1998:58:5695-700.

llsmpmmmmmmmmm

the jon of ! Dew

perspectives. Endocrinalogy 2001:142:4589-94,

13. Smith IE, Dowsett M. Aromatase inhibitors in bresst

cances, N Engl | Med 2003348243142

14. Sunnn}LA.ndmnTj Sil\'nbu-gsﬁ nl-J.Th:
dies for

22 Suzuki T, Damel AD, Alahira JL et al 5a-Reductases

in human breast carcinoma: possible modulator of
in gty androgenic actions. ] Clin Endocrinol Metab
2001;86:2350~7.

23, Suzuki T, Mild ¥, Moriya T, et al. Estrogen-related
receplor a In human bresst carcinoma a4 a polent
prognostic factor. Cancer Res 2004:64:4670-6,

24. Elsen MB. Spellman PT, Brown PO, Botstein D.
Cluster analysis and display of genome-wide expression

between tumour aromatase activity, tumour cb
Istics and response to therapy, J Sterold Blochem Mol
Biol 1990:37:1055-9.

4. O'Neill }5, Elton RA, Miller WR. Aromatase activity in
adipose tissue from breast quadrants: a lnk with
tumour site. Br Med ] (Clin Res Ed) 19582067413,

5. Bulun SE. Price TM, Aitken |. Mahendroo MS, Simpsan
ER A link between breast cancer and local estrogen
blorynu:esh suggested by qmﬂﬂ:nﬂun of breast

adipose tissue P450
using competlrh: pn!ylm:n- chain reaction after
T 1 Clin | Metab 1993,77:
16228

6. SlllnnH.annH.Hlnan Goukon ¥, Kimura M.

and other steroldo-
genic enzymes in hurnnn breast disorders. Hum Pathol
1994,25.530-5.

7. Santen R), Martel |, Hoagland M, et al. Stromal spindle
celly contain aromatase in human breast tumors. ] Clin
Endocrinol Metab 1994;79:627-32

B. Shenton KC, Dowsett M, Lu Q, et ol Comparison of

hnmunokhlndmnhlry—lmmhﬂm with biochemical

nctivities in 46 cases of hreast cancer. | Sternid Biocham

Mol Biol 20059535-9.

15, Cunat §, Rabenoelina F, Daures JP. et al. Aromatase

expreszion in ovarian epithelial cancers. | Sterold

Biochem Mol Biol 200593:15-24,

16. Bloom HJG, Richardson WW. Histological grading
and prognosis in breast cancer, A study of 1409 cases of

which 359 have been followed for 15 years. Br | Cancer

1957:11:359-77.

17, Elston CW, Ellis 10. Pathological prognestic factors in

breast cancer. L The value of histological grade in breast

cancer, from a large study with longterm

follow-up. Histopathology 1991;,19:403-10,

18. Allred DC, Harvey JM, Berarda M, Clark GM.

Prognostic and predictive factors in bresst cancer by

immunchistochemical analysis. Mod Pathol 199811

155-68

l! Miki ¥, Nakata T, Suruki T, et sl Systemic

blochemical aromatase activity with immu-

ibution of sterold sulfatase and sulfo-
fi in homan adult and fetal tissues ] Clin

nohistochemistry n human breast Breast

End i Metab 2002,57:5760~8,

Cancer Res Treat 1998:4%:5101-7,

9. Brodie AM, Lu Q, Long B, et al. Aromatase and COX-2
expression in human breast cancers. ] Steroid Blochem
Mal Biol 2001;79:41-7.

m.zhnnj Suzukl T, xomcje.tndlnmmm

[; din E(2), liver recey L

20. Suzukl T. Nakata T, Miki ¥, et al E

Proc Natl Acad Sci U § A 1998:95:14563-8,
ﬂ.hmugur_hj'f 'l'lhll'l.Sallmmk.el.anurm
stromal | the

pl:hwuyin buman breast cancer. Cancer Res 2005:65(

26, R}'lle CM, Nichalls JE, Dowsett M. Steroid and growth
factor modulation of aromarase activity in MCF7 and
T47D breast carcinoma cell lines. Cancer Res 1992:52
1411-5,

27. Harada N, Honda S. Molecular analysis of aberrant
expression of aromatase in breast cancer tissues. Breast
Cancer Res Treat 1998:42:515-21.

28. Sanderson JT, Letcher R, Heneweer M, Giesy JF, van
den Berg M. Effects of chloro.s-triazine herbicides and
metabolites on aromatase activity in various human cell
lines and on vitellogenin production in male carp
hepatocyter. Environ Health Perspect 2001:109:1027-31

29, Heneweer M, Muusse M, Dingemans M, de Jong PC,
van den Berg M, Sanderson |T. Co-culture of primary
human mammary fbroblasts and MCF-7 cells as an
in vitro breast cancer model. Toxicol Sci 2005,81:257-63.

30. Numazaws M, Yoshimura A Oshlbc M. Enzymic

of G-alkyl g potent
hased of aroma-

sulfotransferase and sterold sulfatase In human breast

carcinoma. Cancer Res 2003:63:2762-70.

2L &mﬂarmrw\,mcmwu
Sasano H 17p-Hyd 3 type 1

mdh-pelinhumnhrunmrcinomamllnonw

ur
tase. Macbmj 1998:399:151 -6,
31, Suzuki T, Mili ¥, Moriva T, et al Sa-Reductase type
1 and aromatase in breast carcinoma as regulators of
in sty androgen production Int ) Cancer 2007120
285-91,

www.aacrjournals.org

3853

Cancer Res 2007; 67: (8). April 15, 2007



Cancer Research

32. Mikd ¥, Suzukd T, Tazawa C, Ishizuka M. Semba 5, Gora
by

36, Zhang Y. Kulp SK Sugimoto Y. Furrar WB,
Brusggemeier RW, Lin YC Keratinacyle growth factor
(KGF) induces sromatmse activity in cubured MCF.7
human breast cancer celle. Anticancer Res 1998182541 -4

34. Singh A, Purchit A, W DY, Duncan L], Ghilchik
MW, Reed M), IL-6aR: release from MCF-7 breast cancer
cells and role in 1! tpheral

o MCF-7 human bresst cancer cells Mol Cell Eado-
mm:&m-cs
ﬂy-m.Spndq.mnj.Slmm El. Liver

elements in buman and mouse Mol Endocrinal 2004:15
1411-27,
41 Mehta DV, Kim YS. Divon D, Jetten AM. Character-
ization of the expression of the retinoid-refated. testis-
amociated receptor (RTR) in trophoblasts. Placenta
NIRRT,
AL Suzulkd T. Miki Y. Nakamura Y, et al Sex steroid-
producing enzymes in human bresst cancer. Endocr
Relat Cancer 200512701-20.
ﬁ.spm\'ﬂlmmmﬂnﬂ.mﬂnﬂm
|

1 (LRH-1) reg exp of
] Bial Chem 2002377:

synthesis. ] Endocrinal 19951478911

nmnmmmc&mm
oximal to a bresst tumer s

stimulated by PGE2 via cyclic AMP, leading tn activation

tissue: the role of IL-8. ] Steroid Blochem Mol Biol 1996
67267 -TA.
ummmmwumm

of promoter I of the CYPIS (aromatase) gene. 40, dean V. Desch 1 M et al G I M Y Gland Biol
Endoerinology 1996137572942 wide identification of gen T Neoplasia 2004:9:905-17.
Cancer Res 2007; 67: (8). April 15, 2007 3954 www.aacrjournals.org



Int. J. Cancer: 120, 285-29] (2006)
© 2006 Wiley-Liss, Inc.

S«-Reductase type 1 and aromatase in breast carcinoma as regulators

of in sifu androgen production
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Resmrc-'l Institute for Clinical Oncology, Saitama Cancer Center, Saitama, Japan
*Department of Molecular Medical Technology, Tohoku University School of Medicine, Sendai, Japan

Previous in vitro studies demonstrated that bioactive androgen 5a-
dihydrotestosterone (DHT) exerted antiproliferative effects through
an interaction with androgen receptor (AR) in breast carcinoma
cells. However, AR status has not been examined In assoclation
with DHT concentration in breast carcinoma tissues, and signifi-
cance of androgenic actions remains unclear in breast carcinomas.
Therefore, in our study, we first examined intratumoral DHT con-
centrations in 38 breast carcinoma Iiisuu using liquid \'.hﬂll:lllm'
raphy/electrospray tandem mass spectro ‘lntnmmnrni D
concentration was positively assodsled with .'u reductase type 1
(52Redl), and negatively correlated with aromatase. We then
examined clinical significance of AR and 5aRedl status in 115
breast carcinoma tissues by immunohistoch. . Breast carcino-
mas positive for both and 3aRed] were inversely nssociated
with tumor size or Ki-67, These patients showed significant associa-
tions with a decreased risk of recurrence and improved prognosis
Forio:enﬂzrﬂm and lherARfs\c;Redlmmdermnl;ld
an independent c factor, Moreover, we examin e
unul'llmm by mmhmm
DHT synthesis from andromnzdione in MCF-7 cells was signifi-
cantly inhibited by coculture with aromatase-positive stromal cells,
which was significantly reversed by addition of aromatase inhibitor
exemestane. These results suj that intratumoral DHT concen-
tnlion is mainly determined by 52Redl and aromatase in breast
carcinoms tissves, and antiproliferative effect of DHT may primar.
ily occur in the cases positive for both AR and 52Red]. Aromatase
inhibitors may be more efTective in these patients, possibly due to
increasing local DHT concentration with estrogen deprivation.
© 2006 Wiley-Liss, Inc.

Key words: breast cancer; androgen; androgen receptor; Sa-
reductase; aromatase

It is well-known that sex-steroids play imponant roles in the de-
velopment of hormone-dependent human breast carcinomas.
Among these sex-sieroids, estrogens immensely contribute to

grow'th of breast carcinoma through binding with estrogen recepior .

(ER)." In contrast, mdmgem are considered to pr;dmnmml]y exert
anuprub.fmuve effects via androgen receptor (AR) in breast carci-
noma cells * although some dwergem findings have been
r:pmug AR is expressed in @ majority of human breast carcinoma
tissues,™"! suggesting important roles of androgens in breast carci-
nomas.

Sa-dihydrotestosterone (DHT) binds with the highest affinity 1o
AR, Ind mgm.hcr with testosterone promotes AR transcriptional
actwuv ? Androgen concentrations ha\re been previously exam-
ined in breast cancers by 2 groups,'*'* and the potent androgen
DHT was duuunsmwd to be significanty higher in breast carci-
noma ti than in | in these studies, Androgen-producing
enzymes, such asl ?s—hydmx}sterotd dehydrogenase type S
(17BHSDS3, conversion from circulating androstenedione to testos-
terone) and Sa-reductase (SaRed, reduction of testosterone to
DHT), were expressed in breast carcinoma tissues,'” and in siru
production of DHT has been proposed in breast cancer tissues."®

Androgen actions are mediated through an interaction with
androgens and AR. Therefore, it becomes very important to eval-

- Publication of the Intarnationsl Union Agsinet Cancar
& uicc

i e e

uate both AR expression and intratumoral DHT concentration in
the breast carcinoma tissues in order 1o obtain a better under-
standing of the androgenic actions. However, such an examina-
tion has not been reported. In our study, we first examined DHT
concentrations in 38 breast carcinoma tissues, and correlated
these findings with various clinicopathalogical parameters of the
patients. These results demonstrated a strong association
between intratumoral DHT concentration and SaRedl, and we
subsequently examined AR and SaRed| status in 115 breast car-
cinoma tissues by immunohistochemistry. Moreover, because
the intrarumoral DHT concentration was also inversely associ-
ated with aromatase expression, we further examined a possible
modulation by aromatase on DHT production by cell culmure
studies,

Material and methods
Patients and rissues

Specimens (38) of invasive ductal carcinoma were obtained
from female patients who underwent mastectomy from 2002 to
2004 in the Departments of Surgery at Tohoku University Hospital
and Tohoku Kosai Hospital, Sendai, Japan (a mean age, 57; and
range of age, 32-86). Specimens for DHT extraction or RNA iso-
lation were snap-frozen and stored at —80°C, and those for immu-
nohistochemistry were fixed with 10% formalin and embedded in
paraffin-wax, The histological grade of cach s?acu.mm was eval-
uvated based on the method of Elston and Ellis.!” Informed consent
was obtained from all patients prior to their surgery and examina-
tion of the specimens used in our study.

Specimens (115) of invasive ductal carcinoma were obtained
from female patients who underwent mastectomy from 1984 to
1989 in Department of Surgery, Tohoku University Hospital, Sen-
dai, Japan. A mean age of the patients was 53 years (range, 27-
82). None of the patients examined in our study used oral contra-
ceptives, and the patients did not receive irmadiation or chemother-
apy prior to surgery. Review of the charts of patients revealed that
104 patients received adjuvant chemotherapy, while none of the
patient received tamoxifen therapy after the surgery. The mean
follow-up time was 106 months (range, 5~154 months). Discase-
free survival data were available for all patients. All specimens
were fixed with 10% formalin and embedded in paraffin-wax.
Snap-frozen tissues were not available for examination in these
cases,

Research protocols for our study were approved by the Ethics
Committes at both Tohoku University School of Medicine and
Tohoku Kosai Hospital,

*Carr lence to: D of Pathology, Tohoku University
School of Medicine, 2-1 Seu'}o-m.r.h.t Aoba-ku, mmgso.as':s  Japan.
Fax: +81-22-717-8051, E-mail: t-suzuki@ patholo2.med 1ohoku.ac.jp
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Liquid chromaiographylelectrospray tandem mass spectrometry

Concentrations of DHT and estradiol were measured by liquid
chromatography/electrospray tandem mass spectrometry (LC-MS/
MS) analysis, in Teizo Medical (Kawasaki, Japan). Briefly, breast
carcinoma specimens (—40 mg for each sample) were homoge-
nized in 1 ml of distilled water. Afier addition of 100 pg of

DHT-*H; (CDN Isotope, Quebec, Canada) (Hayashi Junyaku, To-
kyo, Japan) as internal standard, steroids were extracted with
diethyl ether from the homogenate. The separated organic layer
was evaporated, and then dissolved in picolinoic anhydride in tet-
rahydrofran solution (100 i) with methylamine (20 pl). After
application to a2 Bond Elwt C;y column, steroid derivatives were
eluted with B0% acetonitrile solution. The derivative-DHT frac-
tion was dissolved in the elution solvent of LC.

In cur study, we used an LC (Agilemt 1100, Agilent Technologies,
Waldbronn, Germany) coupled with an AP 4000 triple-stage quadru-
pole mass spectrometer (Applied Biosystems, Ontanio, Canada) oper-
sted with electron spray ionization in the positive-ion mode, and the
d‘unmatogn;iucscplannm performed on Cadenza CD-C, 4 col-
umn {3 X 150 mm", 3.5 pm, Imtakt, Kyoto, Japan). The injection
volume was 20 pl. The mobile phase consisted of solvents A (0.1%
formic acid in water (v/v)) and B (acetonitrile), and delivered at flow
rate of 0.4 mlinin. Total run time was 10 min. We used mixmure of
solvents A and B (30:70 (v/v)) as an initial condition. After injection,
it was followed by a linear gradient to 100% solvent B for 4 min, and
this condition was maintained for 3 min. The system was returned to
the initial proportion within 0.05 min, and maintained for the final
2.95 min of each nn. The retention time for the derived DHT was
5.8 min. lon spray voltage was 4.5 kV, and trbo gas temperature
was 450°C in ionization conditions. For multiple reaction monitoring
mode, the instrument monitored the my/z 262 (LS.: 268) as ion pro-
duced from 3833 (LS. 4872) for DHT-derivatives. The minimum
smount of DHT that can be detected was 0.2 pg in our study.

Immunohisiochemisiry

Monoclonal antibodies for ERa (ER1D5), progesterone recep-
tor (PR; MAB429), AR (AR441) and Ki-67 (MIB1) were pur-
chased from Immunotech (Marseille, France), Chemicon (Teme-
cula, CA) and DAKO (Carpinteria, CA), respectively. Monoclonal
antibody for steroid sulfatase (STS) was kindly provided from Dr,
T. Nakata (Pharmaceuticals Company, Kyowa Hakko Kogyo, To-
kyo, Japan), and characteristics of the antibody and the application
for immunohistochemistry were described previously.”" Rabbit
polyclonal antibodies for HER2 (A0485) was obtained from
DAKO. Rabbit polyclonal antibodies for 178HSD1 (kindly pro-
vided by Dr. M. Poutanen (University of Oulu, Oulu, Finland)),"
l?BHSDS (kindly provided from Dr, V. Luu-The (CHUL

Research Center, Quebee, Canada)),'® and SaRed] and SaRed2
(kindly provided by Dr. D.W, Russell (University of Texas South-
western Medical Center, Dallas, TX), respectively)' were also
employed mmmdy.mdmcchmn-kﬁcsnfﬂxu palyclonal
antibodies have been previously reported.'™'® We could not per-
form immunchistochemistry for aromatase in our stdy, because
immunchistochemical findings of aromatase are currently incon-
sistent in breast carcinoma tissues, nccordang to the different na-
ture of aromatase antibodies employed.'®

A Histofine Kit (Nichirei, Tokyo, Japan), which mplu}'s the
streptavidin-biotin amplification method, was for immuno-
histochemistry in our study. Antigen retrieval for ERa, PR, AR,
HER2 and Ki-67 immunostaining was performed by heating the
slides in an autoclave at 120°C for 5 min in citric acid buffer (2
mM citric acid and 9 mM trisodium citrate dehydrate, pH 6.0).
The dilution of primary antibodies used in our study was as fol-
lows: ERex; 1/50, PR; 1/30; AR; 1/100, HER2; 1/200, Ki-67; 1/50,
STS; 19,000, 17BHSD1; 1/500, 17BHSDS; 1/1,000, SaRedl; 1/
1,000 and SaRed2; 1/1,000. The antigen-antibody complex was
vispalized with 3.3'-diaminobenzidine (DAB) solution (I mM
DAB, 50 mM Tris-HCI buffer (pH 7.6), and 0.006% H.0,), and
countersiained with hematoxylin, Normal rabbit or mouse IgG

SUZUKI £T AL

was used instead of the primary antibody 2s 2 negative control of
immunchistochemistry, and no specific mmmunoreactivity was
detected in these sections (data not shown),

Immunoreactivity of ERa, PR, AR and Ki-67 was detected in
muclei of carcinoma cells, and the immunoreactivity was evaluated
in more than 1,000 carcinoma cells for cach case, and subse-
quently the percentage of immunoreactivity, i.e. labeling index
M)mdﬂmmed&mmmuUwARuafmm
10% were considered ERa- or AR- zgosmve breast carcinomas,
according fo a report by Allred ef al.™ Immunoreactivity for ster-
oidogenic enzymes was detected in the cytoplasm of carcinoma
cells, and cases that had mare than 10% of positive carcinoma
cells were considered positive.

Reverse ranscription polymerase chain reaction for aromatase

Total RNA was extracted using TRIzol reagent (InVitrogen Life
Technologies,Gaitherburg, ND), and & reverse transcription kit
(SUPERSCRIPT 11 Preamplification system (Gibco-BRL, Grand
Island, NY) was used in the synthesis of cDNA. Reverse transcrip-
tion polymerase chain reaction (RT-PCR) for aromatase was per-
formed using the Light Cycler (Roche Diagnositics GmbH, Ger-
many) thermal cycler, and that for glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was also performed as an intemnal standard.
Settings for the PCR thermal profile were as follows: initial denaru-
ration at 95°C for 1 min followed by 35 amplification cycles of
95°C for | sec, annealing at 60°C for 15 sec and elongation at 72°C
for 15 sec. The primer sequences used in our study are as follows:
aromatase (X13589) (FWD 5-GTGAAAAAGGGGACAAACAT-
3' (cDNA position, 1,286-1,305) and REV 5-TGGAATCGTCT-
CAGAAGTGT-3 (cDNA position, 1,481-1,500))"" and GAPDH
(M33197) (FWD ¥-TGAACGGGAAGCTCACTGG-3 (cDNA
position, 731-750)) and REV 5'-TCCACCACCCTGTTGCTGTA-
3' (cDNA position, 1.018-1,038)). *' As a positive control, placental
tissues were used for aromatase,”' and negative control experiments
lacked cDNA substrate to check for the possibility of exogenous
contaminant DNA.

Cell eulture

MCF-7 human breast carcinoma cells were cocultured with or
without primary stromal (74T) cells isolated from breast carci-
noma tissue.”? These cells were separately seeded at 5 X 10° cells
in a Transwell-Clear culture dish (12-well multidish) (Corining,
Coming, NY), and culiured in RPMI-1640 (Sigma-Aldrich, St
Louis, MO) with 10% fetal bovine serum (FBS) (JRH Bioscien-
ces, Lenexa, KS) for 3 days, The cells were precultured in phenol
red-free RPMI-1640 withowt FBS for 24 hr, and subsequently,
treated with 10 or 100 nM of androstenedione (Sigma-Aldrich) in
the absence or presence of indicated concentration of exemestane
(hndly provided from Pfizer (New York, NY)). Semm concentra-
tion of androstenedione is 4-7 nM in women,> and 1-100 nM
concentrations of androstenedione are frequently used in in vitro
studies.** Following 24 hr of incubation, 2 ml of the medium was
removed, and concentrations of DHT and estradiol in the medium
were measured using the LC-MS/MS analysis described above,
The minimum concentration of DHT and estradiol detected was

0.1 pg/ml, respectively.

Staristical analysis
Anusocu.um between intratumoral concentrations of DHT or
)l and ¢ thological factors was evaluated using
MmWEm:ysUmatthpmm:kmdmm An
association between AR/SoRedl starus and clinicopathological
parameters were evaluated using a cross-table using the 37 test or
unpaired 2 group I-test. Overall, disease-free survival curves were
generated according to the Kaplan-Meier method and the statisti-
cal significance was calculated using the log-rank test, Univariale
and multivariate analyses were evaluared by a proportional hazard
model (COX) using PROC PHREG in our SAS software. Statisti-
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cal analyses in coculture experiments were performed using a one-
way ANOVA and Bonferroni test, p-values less than 0.05 were
considered significant in our study.

Results
Intratumoral concentration of DHT in 38 breast carcinomas

We first evaluated intratumoral concentration of DHT in 38
breast carcinoma tissues by LC-MS/MS analysis. The median
with min-max values were 152 (8-990) pg/e. Associations

TABLE I MS(XL‘IJ\T'ION HETWEEN INTRATUMORAL CONCENTRATION
OQIDOGENIC ENZYME EXPRESSION

DHT AND STER! o]
i
Value s DHT concentration (pg/g)
Median (min-max) pvalue
Androgen-producing enzymes
17BHSDS
Positive 12 181 (8-990)
Negative 16 138 (48-463) 0.30
SaRed]
Positive 23 258 (41-990)
Negative 15 78 (8-288) 0.003
aRed2
Positive 6 220 (73-762)
Negative 32 151 (8-990) 0.26
Eﬂ;érn-wdwing ensymes
Positive 2 168 (8-990)
Negnmz 16 138 (23-463) 0.53
Aromatase’
Positive 28 138 (8-610)
Negative 10 229 (119-990) 0.03
178HSD1
Positive 2] 141 (8-762)
Negative 17 162 (23-990) 0.84
Data were statistically analyzed wilizing Mann-Whitney's U test. p
vamcslnss than 0.05 were considered significant, and described as italic.
of was evaluated by RT-PCR analysis. Expres.
s:mn{.l.llmh:rmz}mwu 1 by shistochemistry.
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between intratumoral DHT concemration and expression of steroi-
dogenic enzymes were summarized in Table 1. Intratumoral DHT
concentration was positively associated with SaRed1 (p = 0.003)
and negatively correlated with aromatase (p = 0.03) in the 38
cases examined, but it was not significantly associated with other
steroidogenic enzymes, such as 17BHSDS, 5aRed2, STS and
17BHSDI. As shown in Table I, intratumoral DHT concentration
was not significantly associated with any clinicopathological pa-
rameters examined, including AR status (p = 0.47), in all the 38
cases examined, but it was negarively correlated with rumor size
(p = 0.047) or Ki-67 L1 (p = 0.045) in the AR-positive breast car-
cinoma (n = 29).

Immunohistochemistry for AR and 5x2Red]
in 115 breast carcinomas

In the LC-MS/MS enalysis, SaRed] was suggested a potent
rcg'u.lmor of DHT concentration in breast carcinoma tissues.
any are mainly mediated through an
interaction with DHT and AR, we then performed immunchisto-
chemistry for AR and 5aRed] in 115 breast carcinoma tissues.
AR immunoreactivity was detected in the nucleus of carcinoma
cells, while SaRed] immunoreactivity was detected in the cyto-
plasm carcinoma cells (Figs. 1a and 1b), and these immunoloc-
r.h:muns were in good agreement with results of a previous
report.'® A number of positive cases for AR and SaRedl was 80
(70%) and 66 cases (57%), respectively. We subsequently clas-
sified the carcinomas into following 2 groups according to AR
and So«Red] status: +/+, cases positive for both AR and
SaRed] (n = 53), and others (n = 62).

Associations between AR and SaRedl status and clinicopatho-
logical parameters in 115 breast carcinomas were summarized in
Table III. A group of +/+ was inversely associated with umor
size (p = 0.0003) or Ki-67 LI (p = 0.01), and positively correlated
with ERa LI (p = 0.03) and PR LI (p = 0.01). No significant
associations were detected between AR/5aRedl status and other
clinicopathological parameters examined, including patient age,
menopausal status, clinical stage, lymph node stas, histological
grade and HER2 starus in our study.

TABLE 11 - ASSOCIATION BETWEEN INTRATUMORAL CONCENTRATION OF DHT AND CLINICOPATHOLOGICAL PARAMETERS IN 38 BREAST CARCINOMAS

G DHT ion (pe/g) in 38 bresst DHT concentration (pg/g) in 29 AR-positive breast carrinomas
— n Median e i Median ik
(min-max) L (min-max) L
Age' (32-86 years) kt] 0.60 29 0.74
Menopausal starus

Premenopausal 10 191 (105-762) 16 175 (48-762)

Postmenopausal 28 138 (8-990) 0.23 13 138 (8-700) 0.93
Tumurnze [S—‘.I'Z mm) 38 0.32 b ] 0047 (r = —0.38)
Lymph node

Positive ] 138 (48-990) 16 175 (48-762)

Nepgative 13 192 (8-700) 0.73 13 258 (8-990) 0.93
Histological grade

1+2 27 174 (8-762) 24 190 (8-762)

3 11 138 (23-990) 0.64 5 258 (23-288) 0.60
ERa stamus

Positive 28 181 (8-762) 24 138 (48-990)

Ne; lnve 10 130 (60-990) 0.79 5 138 (101-288) 0.64
ERa LI' (0-96%) 38 027 29 0.38
PR LI (0-96%) 38 048 29 0.55
AR status

Positive 29 181 (8-762)

Negative 9 130 (60-990) 047
AR LI' (0-79%) 38 045 29 022

Pusmve 12 139 (23-990) 9 138 (23-7628)

Negative 26 168 (8-610) 0.68 20 214 (8-610) 0.99
Ki-67 L' (3-46%) 38 0.26 29 0.045 (r = —0.36)

p values less than 0.05 were considered signiﬁcam, and dc::ikbcd as talic.

Data were statistically analyzed utilizing the

and the median values were not caleulated. All other value were

ot

evaluated by Mann-Whitney's U test.
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Figure 1 — Immunohistochemistry for AR (a) and 5aRed! (b) in
the invasive ductal carcinoma. Immunoreactivity for AR was detected
in nuclei of carcinoma cells (@), and that of SaRedl was positive for
the cytoplasm of thesa cells. Bar = 100 um, respectively.
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Figure 2 - Discase-free (¢, ¢) and overall (d, f) survival curves
of 115 patients with breast carcinoms sccording to AR and SaRed]
ﬂglplm—Mm method). According to A.R.gukedl status, breast
caruiiones were clasaifled Juto 2 ruupn (+/+, cases positive for both
AR and 5aRed!, and o\:hm) ups (+/+, +/—, AR-pn&-
tive but SaRed1-negative cases; —.f+ -negative but SaRed]-posi-
tive cases and —/—, cases negative for AR or SaRed]) (e, f). p values

i by a log-rank test. p value was not calculated in (c),
because no patient had recurrent in the group of *“+/+"" breast cancer

Correlation berween AR/5xRed] siatus and clinical outcome

A [+ group of AR/5aRedl status was si y associated
with a decreased risk of recurrence (p = O[K}Zmnlagmuklest)m
115 breast carcinoma patients (Fig. 24), and similar tendency was
detected regardless of the clinical stage in our study (Figs. 2b and 2c),
In & univanate analysis by COX (Table IV), lymph node status (p <
0.0001), AR/5aRed] starus (p = 0.004), wmor size (p = 0.01) and
HER2 (p = 0.047) were tumed out significant prognostic parameters
for disease-free survival of the patients, and a subsequent multivariate
analysis demonstrated that only lymph node starus (p = 0.0001) and
AR/5aRed] stams (p = 0.03) were independent prognostic factors
with relative risks over 1.0 (Table IV). AR status alane (p = 0.08) or
SaRed] alone (p = 0,08) did not reach a significant level in a univari-
ate analysis for the disease-free survival in our sody.

Overall survival curve was demonstrated in Figure 2d, and the
+/+ group was significantly associated with a berter clinical out-
come of the patients (p = 0.003 in a log-rank test). Utilizing 2 uni-
variate analysis (Table V), lymph node status (p = 0.001), AR/

TABLE [T - ASSOCIATION BETWEEN AR AND 5RED| STATUS
AND CLETCOPATHOLOGICAL PARAMETERS T4 113 HUMAN
HREAST CARCINOMAS b
AR/SaRed] sams
Vil -+ Othens prakie patients.
(n=53) (a= 62)
Age' (years) 520 1.7 54015 038
Menopansal stams A ,
Premenopausal 29 (25%) 26 (23%) of the patienis
< Postmenopausal 24 (21%) 36 (31%) 024
lage
142 48 (42%) 52 (46%)
3 5(4%) 10 (9%) 0.43
Tumor size' (mm) 208 =12 29118 0.0003
Lymph node statas
Positive 18(16%) 33 (29%)
Negative 35 (30%:) 29 (25%) 0.07
Histological e
143 = 38 (33%) 32 (29%)
3 15(13%) 30 (26%) 0.052
ERa LI 50.1 =43 365=46 0.03
PRLI' 3647 36545 0.0l
Ki-g7 LI' 219% 15 0626 ool
HER2
Positive 16 (14%) 22 (19%)
Negati 37 2%) 40 (35%) 0.69
AR/5aRed! status was evaluated by i histochemistry, and
e e breast carci itive for both Aﬁ and

SaRed]. All other vshmmpmm the nmbu-ofnw)a and percent-
age, and were evaluated using a cross-table using the 3 test. p values
less than 0.05 were considered significant, and described as italic.

'Data are presented as mean = 95% confidence Interval (95% CI),
and were evaluated by unpaired two group I-test,

SaRed] status (p = 0,01), tumor size (p = 0.02) and HER2 (p =
0.03) were detected significant prognostic faciors for overall sur-
vival of the patients. Following multivariate analysis demonstrated
lymph node status (p = 0.002) and AR/5aRed] starus (p = 0.03)
as independent prognostic factors for overall survival. AR starus
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TABLE IV - UNIVARIATE AND MULTIVARIATE ANALYSES OF
DISEASE- SURVIVAL OF 115 BREAST CANCER
ATIENTS EXAMINED

Univariate  Multvariane Relazive riak

Variable p o Ty
Lymph node starus <0,0001' 00001 6.5(25-16.7)
(positive vs. negative)
AR/SaRed] stamus 0.004" 0.03 26(1.2-59)
(+/+ vs. others)
Tumor size o.01' 0.54
(220 mm vs. <20 mm)
HER2 0047' 079
(positive vs. negative)
AR status ; 0.08
negative vs. positive;
SaR:E 0.08
(negative vs. positive)
Ki-67 L1 0.15
(Z10ve. < 10)
Histological 0.23
(3vs.1,2)
ERa status 033

(positive vs. negative)

Univariate and multivariate analyses were evaluated by a propor.
tional hazard model (COX) using PROC PHREG in our SAS software.
Significant values were described as italic,

'Data were examined in a following multivariate analysis.

alone was also urned out a significant prognostic factor for overall
survival (p = 0.03), but not an independent factor when this vari-
able was included in a multivariate analysis insiead of AR/
SaRedl] starus (p = 0.21), 5aRed] alone was not a significant
prognostic factor (7 = 0.09) for overall survival,

Significant associations between AR/SaRed] status and clinical
outcome of the patients were also detected when AR/SaRed] status
was further categorized into 4 groups (+/+, +/~, AR-positive but
SaRed]-negative cases; —/+, AR-negative but SaRedl-positive
cases and —/—, cases negative for AR or SaRedl) (Figs. 2e and ).

Inhibition of DHT production by aromatase
in cell culture experiments

In LC-MS/MS analysis in breast carcinoma tissues, intratumaral
DHT concentration was inversely associated with aromatase expres-
sion (Table I). These results suggest possible regulation of DHT pro-
duction by aromatase in the breast carcinoma, but such have
not been reported yet 1o our best knowledge. To examine this hypoth-
esis, we used MCF-7 breast carvinoma cells, which expressed
17BHSDS and 5aRed! but with very low level of aromatase, and
74T stromal cells which highly expressed aromatase but with low lev-
els of 178HSDS and SaRed1 by RT-PCR (data not shown).

‘When cells were treated with 10 nM androstenedione for 24 hr,
estradiol production was negligible in MCF-7 cells alone (1.1 =
0.3 pg/ml), but was increased at 49-fold (43.0 = 11.8 pg/ml; p <
0.001 vs. MCF-7 alone) in the medium cocultured with MCF-7
and 74T cells (Fig. 3a). The production of estradiol was signifi-
cantly inhibited by addition of an aromatase inhibitor, exemestane,
in a dose-dependent manner (p < 0.01 in sddition of 10 nM
exemesiane, and p < 0.001 in addidon of 100 nM exemestane).
On the other hand, DHT was markedly synthesized in MCF-7 cells
alone in treatment with 10 nM androstenedione for 24 hr (60.0 =
11.9 pg/ml), but was decreased into 13% (7.5 £ 5.7 pg/ml, p <
0.001 vs, MCF-7 alone) when MCF-7 cells were cocultured with
74T cells (Fig. 3b). DHT production was dose-dependently
increased by addition of exemestane (p < 0.01 in addition of 10 oM
exemestane, and p < 0,001 in addition of 100 nM exemestane).
DHT concentration in the medium was not significantly changed
between MCF-7 and T74 cells with 100 nM exemestane and MCF-
7 alone (p = 0.31).

A similar tendency was also detected, when cells were treated
with 100 nM androstenedione for 24 hr (Figs. 3¢ and 3d).
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TABLE V - UNTVARIATE AND MULTIVARIATE ANALYSES OF OVERALL
SURVIVAL OF 115 BREAST CANCER PATIENTS EXAMINED

Teri Jniv M v
Variable Uni :nlu th;anau R:;?"‘E‘J“
Lymph node starus 0.001" 0002 219(3.3-81.7)
{positive vs. negative)
AR/SaRed] stars 0.01' 0.03 35(13-109)
(#/+ vs. others)
Tumor size 0.02' 093
(220 mm vs. <20 mm)
AR stamus 0.03
(negative vs. positive)
0.03' 0.89
(positive vs. negative)
Histological grade 0.06
(3vs1,2)
5aRedl 0.09
(negative vs. positive)
Ki-67 L1 0.36
(210vs. < 10)
ERa status 0.49

{positive vs. negative)

Univariaste and multivariate analyses were evaluated by a propor-
tional hazard model (COX) using FROC PHREG in our SAS software,
S1gmﬁc:.m values were described as italic.

Data were examined in a following multivariate analysis.
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FiGure 3 - Regulation of estradiol (a, ¢) and DHT (b, d) synthesis
by aromatase in MCF-7 cells coculiured with aromatase-expressed
74T stromal cells. These cells were treated with androstenedione (10
nM (a, b) or 100 nM (¢, d)) in absence or presence of aromatase inhib-
itor exemestane (10 or 100 nM) for 24 hr, and subsequently, concen-
trations of estradiol and DHT in the medium was evaluated by LC-
MS/MS. Data are presented as mean = 5D (n = 3). *, **and ***p <
0.05, p < 0.01 and p < 0.001 vs, coculture of MCF-7 and 74T cells
without exemestane (second column), respectively.
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Discussion

In our present study, the median mtratumoral DHT concentration
determined in 38 breast carcinomas was 152 pg/g with a range from
s:ommmuwmmummmzmm"-“

The intrarumoral DHT concentration was not s y ahered
accarding to the status in our ‘wh:hmllwtm-
sistent with a previous report by Mistry ef al.”” Results of our study
demonsirated a between intrarumoral

gmlkmpusu:r\lemmmm
DHT concentration and SaRed1. DHT is synthesized from testoster-
muhySuRcdmdlmfmofSaRe%u SaRed] and SaRed2,
have been charscterized in mammals,™ S5aRed actviry was 4-8
mhglmmhmmnm&mmmhmm—
sues ™ and immunoreactivity of SaRed]l was detected in 58% of
htugmmmuhlnhnufhﬂnﬂm[umdmiymls‘i
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ence ol locally produced DHT, which may subsequently result in a
better clinical outcome of these patients. Inconsistent results regard-
ing the correlation between AR stats and prognosis in previous
studies may partly be due to different ratios of breast carcinomas
positve for both AR and 5aRed] examined.

Previous studies demonstrated a significant association of intra-
tumoral concentrations between DHT and testosterone in breast
carcinomas,'*"* suggesting that the intratumoral DHT concentra-
tions were influenced by amounts of the precursor. In our present
study, aromatase expression was inversely associated with intratu-
moral DHT concentrations in breast carcinoma tissues. In cocul-
ture studies, aromatase regulated both DHT and estradiol synthesis
regardless of the cancentration of androstenedions 25 a substrate

3). Aromatase catalyzes the conversion of androstenedione
testc , which are precursors of DHT, to estrone and es-

cases.'® Therefore, it is suggested that i ral DHT
tion was mainly determined by SaRedl in breast carcinoma tissues
regardless of the menopausal status.

On the other hand, the intratumoral DHT concentration was not
significantly associated with AR status in our srudy. In ious
smudies, AR expression was suppressed by DHT with a reduction
in AR mRNA stability in AR-positive MDA453 breast carcinoma
cells,”” and AR levels were also regulated by cis-acting ele-
ment, CpG methylation, and histone acetlyation.'™*=* On the
other hand, regulatory mechanisms of 5aRed]l remain largely
unc]whmm,lhemhkedlgmewumpmadnmhrpmve
regulation by growth hormone and DHT.™ These data indicate
that intratumaral DHT con ion and AR expression are differ-
ently regulated in the breast carcinomas. DHT actions are mediated
through an interaction with DHT and AR. Therefore, it is sug-
gested that effects of DHT primarily exist in breast carcinoma is-
sues positive for both AR and 5cRedl, and AR status alone does
not necessarily reflect the androgenic actions.

In our swdy, breast carcinomas double-positive for AR and
SaRed] were inversely associated with mmor size and Ki-67. Previ-
ous in vitro studies have demonstrated that DHT inhibited cell pro-
liferation of various breast carcinoma cells.” These era-
tive effects were independent on the presence of estradiol, and were
associated with an increase in a proportion of cells in GO/GI phase
in MCF-7 cells* DHT also caused accumulation of cyclin-depend-
em kinase inhibitor p27 in CAMA-1 cells” and DHT treament
resulted in & rapid fall in umaor volume of ZR75-1 cells injected into
athymic mice.” Our present results are in good with
results of these previous swdies, and suggest that DHT is mainly
involved in the growth inhibition in breast carcinomas.

Correlation between AR status and clinical outcome of buma.r-
cinoma patients has been examined by several groups,”*?* but the
results were not necessarily consistent. Bryan er al.* found a signifi-
:mamcunmhetwmmmmluuadhymmysm
overall survival of the patients, Soreide er al,,” however, did not
detect any significant mxmmmmmwmww
survival, In more recent study, Kuenen-Boumeester et
formed immunohistochemistry for AR in 153 breast mmns.
and reported that AR status was a significant prognostic factor for
disease-free survival, but was not an independent factor following a
multiple analysis. In our present study, AR/SaRed] status was an in-
dependent prognostic factor for both disease-free and overall sur-
vival as well as a lymph node status, a well-established diagnostic
modality.* If DHT is involved in growth inhibition through AR, re-
sidual cancer cells following surgical treatment in AR and SaRed]
double-positive breast carcinomas possibly grow slowly in the pres-

tradial, tr.tpecn\r:ly Huwevnr DHT itself is nonaromatizable,
Pmnausly. Spmoh emf re-pmaﬂ that treatment with an aroma-
oxyandre dione) markedly elevated
al conc i in dumelhy]hmz(a)m-
thracene-induced rat tumors, and Sonne-Hansen and
Lykkesfeldr™ recently showed that aromatase preferred testoster-
one as a substrate in MCF-7 cells, Inndetzm.mmlewl“nh-
itor letrozole was demonstrated 1o block conversion of androgens
into estrogens with & snbsequ:m increment of intraovarian andro-
gms.’“" fore, aromatase is suggesied a negative regulator
for in situ production of DHT in breast carcinoma tissues by possi-
bly reducing concentrations or availability of the precursor testos-
terone. Administration of androgens combined with lnu‘:sr.mgen
has been more effective than that of antiestrogen alone in breast
cancer patients, and the nddmve inhibitory effects were exerted in
part by different mechanisms.*® In addition, results of recent large
rrlll.lnm‘m:x trials all demonstrated superior efficacy of aromatase
inhibitors, such as anastrolozole | le and , com-
pared 1o antiestrogen tamoxifen,”*" although it might be due 0
agonistic effects of tamoxifen in estrogen-deprived environment.
Therefore, results of our present study suggest thar treatment of
aromatase inhibitors may be more effective in breast carcinoma
patients positive for both AR and 5aRed], because of additional
antiproliferative effects through increasing local DHT concentra-
tion with estrogen deprivation. It awaits further examinations to
clarify the clinical importance of AR/SaRed] status as a marker
of response to aromatase inhibitors in breast cancer patients.

In summary, inratumoral DHT concentrations were positively
associated with SaRed! and inversely correlated with aromatase
in 38 breast carcinomas. In the immunohistochemistry in 115
breast carcinomas, cases positive for both AR and SaRed] were
inversely associated with tumor size and Ki-67, AR/5aRed]1 status
was demonstrated an independent prognostic factor for these
patients. In the coculture experiments, DHT production was nega-
tively regulated by aromatese, The results of our present study
suggest thm antiproliferative effects of DHT may primarily occur
in breast carcinomas positive for both AR and 5aRedl, and aro-
matase inhibitors may be more effective in these patients by accu-
mulation of the local DHT concentration.
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Abstract

It has been reported that agonists of peroxisome proliferator-activated receptor ¥ (PPARY)
inhibit proliferation of breast carcinoma cells, but the biological significance of PPARy remains
undetermined In human breast carcinomas. Therefore, we immunolocalized PPARy in 238 human
breast carcinoma tissues. PPARy immunoreactivity was detected in 42% of carcinomas, and
was significantly associated with the status of estrogen receptor (ER) o, ERp, progesterone
receptor, retinoic X receptors, p21 or p27, and negatively correlated with histological grade or
cyclooxygenase-2 status. PPARy immunoreactivity was significantly associated with an improved
clinical outcome of breast carcinoma patients by univariate analysis, and multivariate analysis
demonstrated that PPARy Immunoreactivity was an independent prognostic factor for overall
survival in ERo-positive patients. We then examined possible mechanisms of modulation by PPARy
on estrogenic actions in MCF-7 breast carcinoma cells. A PPARy activator, 15-deoxy-a'#"*-
prostaglandin J, (15d-PGJ;), significantly inhibited estrogen-responsive element-dependent
transactivation by estradiol in MCF-7 cells, which was blocked by addition of a PPARy antagonist
GW9662. Subsequent study, employing a custom-made microarray focused on estrogen-
responsive genes, revealed that mRNA expression was significantly regulated by estradiol in 49
genes, but this significance vanished on addition of 15d-PGJ; in 16 out of 49 (33%) genes. These
findings were confirmed by real-time PCR in 11 genes, 15d-PGJ, significantly inhibited estrogen-
mediated proliferation of MCF-7 cells, and caused accumulation of p21 and p27 protein. These
results suggest that PPARy is mainly expressed in well-differentiated and ER-positive breast
carcinomas, and modulates estrogenic actions.

Endocrine-Related Cancer (2006) 13 233-250

Introduction

Peroxisome proliferator-activated receptor ¥ (PPARY)
is a member of the nuclear hormone receptor super-
family, and has also been designated NRIC3
(Lemberger et al. 1996, Schoonjans et al. 1996).
PPARY functions as a transactivation factor following
heterodimerization with retinoic X receptors (RXRs),
and binds to its specific response elements termed
peroxisome proliferating responsive elements (PPREs)
of various target genes (Mangelsdorf & Evans 1995).

Endocrine-Rslated Cancer (2006) 13 233-250
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PPARy is one of the ligand-activated transcription
factors, and 15-deoxy-A'*'“-prostaglandin J, (15d-
PGlJ;) is currently considered a naturally occurring
PPARy ligand, which activates PPARy at pM con-
centrations in the human (Koeffler 2003).

It is well known that PPARY plays essential roles in
adipogenesis (Tontonoz er al. 1994), insulin resistance
(Celi & Shuldiner 2002), and development of various
organs (Barak ef al, 1999). In addition, various in vitro
studies have demonstrated thet PPARY ligands have a
potent antiproliferative activity against a wide variety
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of neoplastic cells (Koeffler 2003). For instance,
PPARY agonist inhibits the proliferation of human
breast cancers (Elstner er al. 1998, Mueller er al. 1998,
Yee et al. 1999), and a phase II clinical trial using
PPARYy ligands has been recently performed as a novel
therapy for advanced breast cancer patients (Burstein
et al. 2003).

It then becomes very important to obtain a better
understanding of the clinical and/or biological roles of
PPARY in breast cancer tissues in order to improve the
potential clinical efficiency of PPARy ligand therapy
for breast cancer patients. Mueller er al. (1998)
previously demonstrated the expression of PPARy
in human primary and metastatic cancers, and Wang
et al. (2004) reported higher amounts of PPARy
expression in breast carcinoma cells than in normal
human mammary epithelial cells, However, it has been
also demonstrated that PPARY expression is signifi-
cantly lower in breast cancer lissues at both mRNA
(Jiang er al. 2003) and protein (Watkins et al. 2004)
levels than that in normal tissues. Expression of
PPARY has been examined in human breast carcino-
mas by several groups, but little information is
available on the clinicopathological features of
PPARYy-positive breast cancers. Therefore, the bio-
logical significance of PPARY remains largely undeter-
mined in human breast carcinoma. In this study, we
examined immunolocalization of PPARY in 238 cases
of human breast carcinoma patients, and correlated
these findings with various clinicopathological param-
eters. As the results of immunohistochemistry demon-
strated a strong association between PPARy and
estrogen receptor (ER) o in breast carcinomas, we
also examined a possible modulation by PPARYy
on estrogenic actions in breast cancer cells for
further characterization of PPARy in human breast
carcinoma.,

Materials and methods
Patients and tissues

Two hundred and thirty-eight surgical pathology
specimens of invasive ductal carcinoma of the breast
were retrieved from pathology archives of the Depart-
ment of Surgery, Tohoku University Hospital, Sendai,
Japan. Breast tissue specimens were obtained from
female patients who underwent mastectomy from 1982
to 1992 with a mean age of 54.1 years (range 22-82).
The patients did not receive chemotherapy or irradia-
tion prior to surgery. Review of the charts of patients
revealed that 194 patients received adjuvant chemo-
therapy, and 43 patients received tamoxifen therapy
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after surgery. The mean follow-up time was 102
months (range 2-157 months). The histological grade
of each specimen was evaluated based on the method
of Elston & Ellis (1991). All specimens were fixed with
10% formalin and embedded in paraffin wax. Research
protocols for this study were approved by the Ethics
Committee at Tohoku University School of Medicine
(approved number: 2000-142),

Antibodies

Rabbit polyclonal antibody for PPARY was raised
against a synthetic peptide corresponding to amino
acids 60-79 of mouse PPARY] (accession number;
AAA62110), which also corresponds to amino acids
62-81 of human PPARyl (CAA62152) or 90-109 of
human PPARY2 (AAB04028). This antibody therefore
recognizes both human PPARy1 and y2. The character-
ization of this antibody has been previously confirmed
by both immunoblotting and immunohistochemistry
(Sato er al. 2004). The characteristics of polyclonal
antibodies for RXRa, RXRB and RXRy have been
previously reported by the authors (Sugawara er al.
1995, Suzuki er al. 2001). Monoclonal antibodies for
ERo (ER1DS), progesterone receptor (PR; MAB429),
Ki-67 (MIBI1), p21 (6B6), p27 (1B4), e-Mye (1-6E10),
pS2 (M7184), and cyclin DI (P2DI1F11) were
purchased from Immunotech (Marseille, France),
Chemicon (Temecula, CA, USA), DAKO (Carpin-
teria, CA, USA), Pharmingen (San Diego, CA, USA),
Novocastra Laboratories (Newcastle, UK), Cambridge
Research Biochemical (Cambridge, UK), DAKO and
Novocastra Laboratories respectively. Rabbit poly-
clonal antibodies for ERB (06-629), HER2 (A0485)
and cathepsin D (A0561) were obtained from Upstate
Biotechnology (Lake Placid, NY, USA), DAKO and
DAKO respectively. Goat polyclonal antibody for
cyclooxygenase-2 (COX2) (C-20) was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Immunohistochemistry

A Histofine Kit (Nichirei, Tokyo, Japan), which
employs the streptavidin-biotin amplification method
was used in this study. Antigen retrieval for PPARYy,
ERa.f, PR, RXRa.B,y, HER2, Ki-67, p2l, p27 and
cyclin D1 immunostaining was performed by heating
the slides in an autoclave at 120°C for 5min in citric
acid buffer (2mM citric acid and 9mM trisodium
citrate dehydrate, pH6.0). .and antigen retrieval for
COX2 and pS2 immunostaining was done by heating
the slides in a microwave oven for 15min in the citric
acid buffer. Dilutions of primary antibodies used in
this study were as follows: PPARY; 1/1500, ERa; 1/50,
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ERB; 1/50, PR; 1/30; RXRa; 1/4000, RXR; 1/4000,
RXRy; 1/2000, COX2; 1/500, HER2; 1/200, Ki-67;
1/50, p21; 1/250, p27; 1/150, c-Myc 1/600, pS2; 1/30,
cyclin D1; 1/40 and cathepsin D; 1/300. The antigen—
antibody complex was visualized with 3,3'-diamino-
benzidine solution (1 mM, in 50mM Tris-HCI buffer
(pH 7.6) and 0.006% H;0,), and counterstained with
hematoxylin. As a negative control, normal rabbit,
mouse or goat IgG was used instead of the primary
antibodies. For PPARY immunohistochemistry, a pre-
absorption test was also performed as a negative
control.

Scoring of immunoreactivity and statistical
analysis

PPARYy, ERo.p, PR, RXRap,y, Ki-67, p2l, p27,
¢-Myc and cyclin DI immunoreactivity was detected in
the nucleus, and the immunoreactivity was evaluated
in more than 1000 carcinoma cells for each case, and
subsequently the percentage of immunoreactivity, i.e.
labeling index (LI), was determined. Inter-observer
differences were less than 5%, and the mean of the
three values was obtained. Cases with PPARY, ERa or
¢-Myc L1s of more than 10% were considered PPARY-,
ERa- or c-Myc-positive breast carcinomas in this
study, according to a report for ERa by Allred er al.
(1998). For p21 and p27 immunohistochemistry, the
cut-off values used were 5 and 50% respectively,
according to previous reports (Barbareschi er al
2000, Pellikainen et al. 2003). Immunoreactivity for
COX2 and cathepsin D was detected in the cyto-
plasm, and cases that had more than 10% of positive
carcinoma cells were considered positive.

An association between immunoreactivity for
PPARy and clinicopathological factors was evaluated
using a one-way ANOVA and a Bonferroni test or a
cross-table using the chi-square test. Overall and
disease-free survival curves were generated according
to the Kaplan-Meier method and statistical signifi-
cance was calculated using the log-rank test. An
association between ERa LI and PR or cyclin D1 LI
was performed utilizing a correlation coefficient (r)
and regression equation, Univariate and multivariate
analyses were evaluated by a proportional hazard
model (Cox) using PROC PHREG in our SAS
software, P values less than 0.05 were considered
significant in this study.

Cell line, plasmids and chemicals

MCF-7 human breast cancer cell line was cultured in
RPMI-1640 (Sigma-Aldrich, St Louis, MO, USA) with
10% fetal bovine serum (FBS) (JRH Biosciences,

www.endocrinalogy-joumals.org
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Lenexa, KS, USA). MCF-7 cells were cultured with
phenol red-free RPMI 1640 medium containing 10%
dextran-coated charcoal (DCC)-FBS for 3 days before
treatment in the experiment. In this study, we used
estrogen-responsive reporter plasmids pERE-Luc, con-
taining Xenopus vitellogenin A2 estrogen-responsive
element (ERE) (Saji er al. 2001). The pRL-TK vectors
were purchased from Promega (Madison, W1, USA).
15d-PGJ,, ciglitazone and PGF,, were purchased
from Biomol Research Laboratories (Butler Pike,
PA, USA), and GW1929 and GW9662 were purchased
from Sigma-Aldrich.

Luciferase assay

The luciferase assay was performed according to a
previous report (Sakamoto er al. 2002) with some
modifications. Briefly, 1 pg ptk-ERE-Luc plasmids and
200 ng pRL-TK control plasmids were used to measure
the transcriptional activity of endogenous ER. Tran-
sient transfections were carried out using TransIT-LT
Transfection Reagents (TaKaRa, Tokyo, Japan) in
MCF-7 cells, and the luciferase activity of lysates was
measured using a Dual-Luciferase Reporter Assay
system (Promega) and Luminescencer-PSN (AB-2200)
{Atto Co., Tokyo, Japan) after incubation with growth
medium with the indicated concentrations of estradiol
and/or 15d-PGJ; for 24 h. The cells were also treated
with the same volume of ethanol (final dilution - 0.1%)
for 24h as controls. The transfection efficiency was
normalized against Renilla luciferase activity using
pRL-TK control plasmids, and the luciferase activity
for each sample was evaluated as a ratio (%) compared
with that of controls, The statistical analyses were
performed using a one-way ANOVA and Bonferroni
test.

Immunoblotting

The cell protein was extracted in triple detergent lysis
buffer (LK-18) at 4°C, Twenty micrograms of the
protein (whole cell extracts) were subjected to SDS-
PAGE (10% acrylamide gel). Following SDS-PAGE,
proteins were transferred onto Hybond P polyvinyli-
dene difluoride membrane (Amersham Biosciences,
Piscataway, NJ, USA). The blots were blocked in 5%
non-fat dry skim milk for 1 h at room temperature, and
were then incubated with a primary antibody for ERe,
p2l, p27 or B-actin (Sigma-Aldrich) for 18h at 4°C.
After incubation with anti-mouse IgG horseradish
peroxidase (Amersham Biosciences) for | hat room tem-
perature, antibody-protein complexes on the blots were
detected using ECL-plus western blotting detection
reagents (Amersham Biosciences), Immunointensity of
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Table 1 Primer sequences used in real-time PCR in this study

cDNA (Accession no.) Sequence (position in cDNA) Size (bp) Reference
pS2 (NMD03225) FWD: 53-72, REV: 240-260 208 Colombel et al. (1939)
PDZK1 (AF012281) FWD: 725-746, REW: B24-847 123 Yoshida et al. (2004)
Cyclin D1 (NM053058) FWD: 456-475, REV: 640-659 204 Paruthiyil st al. (2004)
IGFBP-4 (M62403) FWD: 897-715, REV: 756~773 77 Yoshida el al. (2004)
SLCT7AS5* (MB0244) FWD: 816-835, REV: 1025-1044 208 —
TPD52L1 (U44427) FWD: 450-469, REV: 561~-580 130 Yoshida ef al (2004)
PRt (XMOD&180) FWD: 1887-2006, REV: 2163-2182 185 —_
Cathepsin D (BTO0E910) FWD: 697-715, REV: B04-822 126 Yoshida et al, (2004)
TALS (M90857) FWD: 246-265, REV: 209-319 74 Kao et al. (2003)
IGFBP-5 (NMD00599) FWD: 1090-1108, REV: 12131232 143 Yoshida et al. (2004)
SELENBP1 (U29091) FWD: 167-186, REV: 315-333 167 Yoshida et al. (2004)

p21* (NM000389) FWD: 415-434, REV: 573-592 78 —_
P27 (NMO04084) FWD: 829-B48, REW: 829-938 120 Schonherr et al. (2001)
RPL13A (NMD12423) FWD: 487-509, REV: 588-612 125 Vandesompele et al (2002)

PDZK1; PDZ domain-containing-protein, IGFBP-4; insulin-like growth factor-binding protein-4, SLC7AS; solute carrier family 7,
member 5, TPDS52L1; tumor protein D52-like 1, PR; progesterone receptor, TALE; lumor-associated antigen L6, IGFBP-5; insulin-
like growth factor-binding protein-5, SELENBP; selenium-binding protein-1, and RPL13A; ribosomal protein L 13a.
*Oligonucleotide primers for SLC7AS, PR and p21 were designed in the different exons In this study.

{The primers of PR recognize both PR-A and PR-B subtypes.

specific bands was measured by an LAS-1000 imaging
system (Fuji Photo Film, Tokyo, Japan), and relative
immunointensity of ER e, p21 or p27 was evaluated asa
ratio (%) of f-actin immunointensity.

Microarray analysis

In this study, we used a custom-made microarray
named EstrArray (InfoGenes, Tsukuba, Japan), which
contains 175 estrogen-responsive genes identified in
MCEF-7 cells (Inoue et al. 2002, Hayashi et al. 2003).
MCEF-7 cells were cultured with phenol red-free RPMI
1640 medium containing 10% DCC-FBS for 3 days,
and subsequently treated with estradiol (10nM) with
or without 15d-PGlJ; (5 uM) for 72 h. The MCF-7 cells
used as references were treated with the same volume
of ethanol (final dilution - 0.1%) for 72h.

Total RNA was isolated using TRIzol reagent
(InVitrogen Life Technologies, Inc, Gaitherburg,
MD, USA). Two micrograms of mRNA were
reverse-transcribed with Cy3- or Cy5-dUTP (Amer-
sham Biosciences, Bucks, UK) using a SUPER-
SCRIPT I Preamplification system (Gibco-BRL,
Grand Island, NY, USA). Cy3- and CyS-labeled
cDNA probes were hybridized on the microarray slide
for 16 h a1 65°C, The fluorescent signals were scanned
by a GenePix 4000A (Axon Instruments, Foster City,
CA, USA), and the ratio of Cy3 and Cy5 signal
intensity of each spot was quantitatively calculated
using GenePixPro 5.0 (Axon Instruments). The dupli-
cated sets of values were averaged and normalized by
subtracting the average of values for internal genes.
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The data from insufficient hybridization (signal areas
below 100) were excluded from the analysis. Genes
which showed a value of more than 2.0 or less than 0.5
were evaluated as significantly up-regulated or down-
regulated respectively, in this study.

Real-time PCR

MCF-7 cells were cultured with phenol red-free RPMI1
1640 medium containing 10% DCC-FBS for 3 days,
and subsequently treated with the indicated concentra-
tion of estradiol and/or 15d-PGJ, for 72h. As controls
for the experiments, the cells were treated with the same
volume of ethanol (final dilution - 0.1%) for 72 h. Total
RNA was extracted using TRIzol reagent (InVitrogen
Life Technologies, Inc.), and a reverse transcription kit
(SUPERSCRIPT 11 Preamplification system (Gibco-
BRL) was used in the synthesis of cDNA.

The Light Cycler System (Roche Diagnositics
GmbH, Mannheim, Germany) was used to semi-
quantify the mRNA expression levels by real-time
PCR (Dumoulin er al. 2000). Characteristics of the
primer sequences used in this study are summarized in
Table 1 (Colombel ef al. 1999, Schonherr ez al. 2001,
Vandesompele et al. 2002, Kao er al. 2003, Paruthiyil
et al. 2004, Yoshida er al. 2004). Settings for the PCR
thermal profile were: initial denaturation at 95°C for
I min followed by 40 amplification cycles of 95°C
for 1s, annealing at 59°C (PR), 60°C (pS2, PDZ
domain-containing protein (PDZKI1), cathepsin D,
selenium-binding protein 1 (SELENBP1), tumor
protein D52-like 1 (TPD352L1), insulin-like growth

www.endocrinology-journals.org
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Figure 1 Immunohistochemistry for PPARy in invasive ductal carcinoma. (A) PPARy immunoreactivity was detected In tha
nuclel of carcinoma cells. (B) No significant immunoreactivity of PPARy was detecled in the sections where an
immunchistochemical preabsorption test was performed as a negative control, (C) Immuncreactivity for PPARy was
detected in the nuclal of epithelial cells in morphologically normal mammary glands. (D) PPARy immunoreactivity was

positive in the nuclei of adipocytes. Bar=50pum.

factor-binding protein-5 (IGFBP-5), PDZ domain-
containing-protein (PDZK1), and p2l1), 64°C (cyclin
D1, and tumor-associated antigen L6 (TALS)), 66°C
(solutecarrier family 7,member 5(SLCTAS), and p27), or
68 °C (ribosomal protein L 13a (RPL13A)) for 15s, and
elongation at 72 °Cfor 1 5 5. To verify amplification of the
correct sequences, PCR products were purified and
subjected to direct sequencing. Negative control experi-
mentslacked cDNA substrate to check for the possibility

ofexogenouscontaminant DNA. ThemRNA levelswere |

summarized as a ratio of RPL13A, and subsequently
evaluated as a ratio (%) compared with that of controls.
The statistical analyses were performed using a one-way
ANOVA and Bonferroni test.

Cell proliferation assay and apoptosis
analysis

The status of cell proliferation of MCF-7 cells
was measured using a WST-8 (2-(2-methoxy-4-
nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2-
H-tetrazolium, monosodium salt) method (Cell Count-
ing Kit-8; Dojindo Inc., Kumamoto, Japan)) (Isobe
et al. 1999). We also examined apoptosis status of
MCEF-7 cells using an apoptosis screening kit (Wako,
Osaka, Japan), which employed a modified TdT-
mediated dUTP nick-end labeling (TUNEL) method
(Gavrieli er al. 1992). Optical densities (OD = 450nM
for cell proliferation assay, and OD=490nM for
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apoptosis analysis) were obtained with a Model 680
microplate reader (Bio-Rad Laboratories, Hercules,
CA, USA). The cell number and apoptosis index were
calculated according to the equation (Cell OD value
after test material treatment)/(Vehicle control cell OD
value), and subsequently evaluated as a ratio (%)
compared with that of controls.

Results

Immunohistochemistry for PPARY in breast
carcinoma tissues

Immunoreactivity for PPARY was detected in the
nuclei of invasive ductal carcinoma cells (Fig. 1A and
B). A mean value of PPARy LI in 238 breast
carcinoma cases examined was 15% (range 0-74%),
and the number of PPARYy-positive breast carcinomas
(i.e. PPARyY LI =10%) was 99 out of 238 cases (42%).
Immunoreactivity of PPARY was also detected in
epithelia of morphologically normal mammary glands
(Fig. 1C), and adipocytes (Fig. 1D).

Associations between PPARy immunoreactivity
and clinicopathological parameters in 238 breast
carcinomas were summarized in Table 2. PPARy
immunoreactivity was significantly associated with
ERa status (P=0.0003), ERa LI (P<0.0001), ERB
L1 (P=0.0255), PR LI (P=0.0012), RXRa LI
(P=0.0365), RXRBP LI (P<0.0001), RXRy LI
(P=0.0005); p2l immunoreactivity (P=0.0057) or
p27 immunoreactivity (P = 0.0019). PPARY immuno-
reactivity was negatively correlated with histological
grade (P =0.0035) or COX2 immunoreactivity (P =
0.0178). No significant association was detected
between PPARo immunoreactivity and other clinico-
pathological parameters examined, including patient
age, menopausal status, clinical stagé, tumor size,
lymph node status, HER2 status, Ki-67 LI, and ¢-Myc
immunoreactivity in this study. The association
between PPARY immunoreactivity and RXRpB LI,
RXRy LI, COX2 immunoreactivity, p2] immuno-
reactivity or p27 immunorecactivity was significant
regardless of ERa status of these cases (Table 3).
PPARy immunoreactivity was positively correlated
with RXRa LI (P = 0.0469) and inversely with lymph
node status (P = 0.0303) or Ki-67 L1 (P = 0.0485) only
in the ERa-positive group.

Influence of PPARy immunoreactivity on
association between ERa and estrogen-
responsive genes in breast cancer tissues

pS2, cyclin DI, PR and cathepsin D are all well
recognized as estrogen-responsive genes in human
breast cancers. As shown in Table 4, a significant
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Table 2 Association between PPARy immunoreactivity and
clinicopathological parameters in 238 breast carcinomas

PPARy immunoreactivity

Positive Negitive

(n=88) (n=139)  Pvalue
Age (years)' 83.1+1.2 55.1+1.1 0.0850
Menopausal status

Premenopausal 46 (19.3%) 54 (22.7%)

Postmenopausal 53 (22.3%) 85(35.7%) 0.2983
Stage

| 30 (12.6%) 33 (13.9%)

Il 57 (24.0%) 75 (31.5%)

n 12 (5.0%) 31 (13.0%) 0.1032
Tumor size (mm)* 326+04 20.4+0.2 0.3808
Lymph noda status

Positive 38 (16.0%) 68 (28.6%)

Negative 61 (25.6%) 71(29.8%)  0.1389
Histological grade

1 35 (14.7%) 31 (13.0%)

2 40 (16.8%) 46 (19.3%)

3 24 (10.1%) 62 (28.1%)  0.0035
ERa stalus

Pesitive B5 (35.7%) B9 (37.4%)

Negative 14 (5.9%) 50 (21.0%)  0.0003
ERa LI* 545+3.1 348+29 <0.0001
ERB LI* 18.6+24 13.4+1.6 0.0255
PR LI* 49.6+33 349+30 0.0012
RXRa LI* 271435 184+24 0.0365
RXRA LI* 36.0+4.7 10.5+22 <0.0001
RXRy LI 17.5+5.1 3.0+1.0 0.0005
COX2 immunoreactivity

Posltive 29 (12.2%) 72 (30.3%)

Negative 70 (28.4%) 67 (28.2%) 0.0178
HER2 status

Positive 46 (19.3%) 53 (22.7%)

Negative 53 (22.7%) B85 (35.7%) 0.7836
Ki-67 LI* 2271416 26718 0.0916
P21 immunoreactivity

Positive 56 (23.5%) 45 (18.9%)

Negative 43 (17.3%) 91 (38.2%)  0.0057
P27 immunoreactivity

Positive 58 (24.4%) 47 (19.7%)

Negative 41 (17.2%) 92 (38.7%)  0.0019
c-Myc immunoreactivity

Positive 49 (20.6%) 62 (26.1%)

Negative 50 (21.0%) 77 (32.4%) 0.5715

‘Data are presented as means+85% confidence interval.
All other values represent the number of cases and percentage.
P values less than 0.05 were considered significant, and are
in boldface.

positive association was detected between ERat L1 and
the status of these immunoreactivity in the 238 breast
cancer tissues examined (P <0.0001), which is in good
agreement with previous immunohistochemical studies
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(Horwitz & McGuire 1978, Barbareschi er al, 1997,
Gillesby & Zacharewski 1999, loachim et al. 2003).
When the breast cancers were classified into two
groups according to their PPARY status, no significant
association was detected between ERa LI and pS2
(P =0.3783) or cyclin D1 LI (P =0.1978) in PPARY-
positive breast carcinomas, although significant
association (P<0.0001 for pS2, and P=0.0018 for
cyclin D1) was detected in PPARy-negative breast

Table 3 Statistical association between PPARY immunoreac-

thvity and clinicopathological parameters according o the ERa
status in 238 breas! carcinomas

PPARY Immunoreactivity

(positiva/negative)
ERa-positive ERa-negative
group (n=173) group (n=64)
Age 0.1107 0.1073
Menopausal stalus 0.6702 0.66186
Stage 0.1272 0.7185
Tumor size 0.6077 0.6063
Lymph node status 0.0303 0.7192
Histological grade 0.3691 0.2452
ERB LI 0.0063 0.1541
PR LI 0.2828 0.5011
AXRa LI 0.0469 0.5403
RXAA LI 0.0005 0.0002
RXRAy LI 0.0108 0.0185
COX2 immunoreactivity 0.0205 0.0411
HER2 stalus 0.7702 0.7616
Ki-67 LI 0.0485 0.7103
P21 immunocreactivity 0.0113 0.0481
P27 Immunoreactivity 0.0142 0.0205
c-Mye immunoreactivity 0.3998 0.5404

Data are presented as P values. Pvalues less than 0.05 were
considered significan!, and are in boldface.
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carcinomas. On the other hand, ERa LI was sig-
nificantly associated with PR LI (P=0.0008 in
PPARy-positive cases, and P<0.0001 in PPARy-
negative cases) or cathepsin D (P=0.0006 in
PPARy-positive cases, and P=0.0003 in PPARY-
negative cases) regardless of the PPARY status in the
breast carcinoma cases examined,

Correlation between PPARy Immunoreactivity
and clinical outcome of the patients

No significant association was detected between
PPARY immunoreactivity and a risk of recurrence
(P=0.8715) (Fig. 2A). PPARY immunoreactivity was
significantly associated with a better clinical outcome
of the 238 breast cancer patients (P=0.0257)
(Fig. 2B). This significant association was detected in
the ERu-positive group (P = 0.0057) (Fig. 2C), but not
in the ER@-negative group (P = 0.6403) (Fig. 2D). The
significant correlation between PPARY immuno-
reactivity and overall survival of ERa-positive breast
cancer patients was not influenced by tamoxifen
therapy after the surgery (Fig. 2E and F).

Utilizing a univariate analysis (Table 5), lymph node
status (P<0.0001), histological grade (P<0.0001),
tumor size (P=0.0002), HER2 status (P = 0.0029),
¢-Mye immunoreactivity (P = 0.0066), and PPARY
immunoreactivity (P = 0.0287) turmed out to be
significant prognostic factors for overall survival in
this study., Multivariate analysis revealed that only
lymph node slatus (P<0.0001) and e-Mye immuno-
reactivity (P = 0.0024) were independent prognostic
factors with a relative risk over 1.0 (Table 5). When we
examined a univarizte analysis in the ERo-positive
breast cancer patients (n=174), lymph node status
(P<0.0001), histological grade (P<0.0001), tumor
size (P<0.0001), HER2 status (P = 0.0008), PPARY

Table 4 Cormelation between ERa and estrogen-responsive gene immunoreactivity associated with PPARy status in 238 breast

carcinomas
Total (n=238) PPARY-positive (n=289) PPARy-negative (n=139)
ERa LI Pvalue ERa LI Fvalue ERa LI P value

ps2

Positive 532433 573144 524+48

Negative 31.8+37 <0.0001 49.0+6.7 0.3785 22.0+4.1 <0.0001
Cyclin D1 LI <0,0001 {r=0.355) 0.1978 (r=0.231) 0.0018 (r=0.313)
PR LI <0.0001 (r=0.512) 0.0008 (r=0.402) <0.0001 (r=0.566)
Cathepsin D

Positive 542+37 5B.0+4.4 512456

Negative 17.6+4.4 <0,0001 24B8+85 0.0006 12.2+4.2 0.0003

P values less than 0.05 were considered significant, and are in boldface.
*The association was stafistically evaluated utilizing a correlation coefficient (1) and regression equation.
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Figure 2 Disease-free (A) and overall (B—F) survival of 238 patients with breast carcinoma according to PPARy immunoreactivity
(Kaplan-Meler method). PPARy immunoreactivity was not correlated with a risk of recurrence (P=0.8715 In log-rank test) (A),
but significantly associated with an improved overall survival (P=0.0257 in log-rank test) (B). The significant association was
detected In the ERa-positive group (n=174; P=0.0057 In log-rank test) (C), but not in the ERu-negative cases (n=64; P=0.6405
In log-rank test) (D). PPARy immunoreactivity was significantly associated with an improved prognosis regardless of tamoxifen
therapy after surgery in the ERa-positive breast cancer patients (E, F). P values less than 0.05 are in boldface.

immunoreactivity (P = 0.0076) and c-Myc immuno-
reactivity (P = 0.0252) were demonstrated as signifi-
cant prognostic factors for overall survival (Table 6). A
multivariate analysis revealed that lymph node status
(P<0.0001)and PPARyimmunoreactivity (P = 0.0372)
were independent prognostic factors with relative risks
over 1.0.
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Effects of PPARY activator 15d-PGJ, on
estrogen-mediated transcription in MCF-7
cells in luciferase assay

Results of PPARY immunoreactivity demonstrated

a strong association between PPARy and ERu
in breast carcinoma tissues, suggesting a possible
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Table 5 Univariate and multivariale analyses of overall survival in 238 breast cancer patients examined

Multivariate
Variable Univariate P P Relative risk (35% CI)
Lymph node status (positive/negative) <0.0001 <0.0001 12,319 (3.233-51.07)
Histological grade (3/1, 2) <0.0001 0.1248 _
Tumer size (>20mm/ <20mm) 0.0002 0.1248 -
HERZ status (positive/negative) 0.0029 0.4869 -
c-Myc immunoreactivity (positive/nagative) 0.0066 0.0024 2.168 (1.079-4.356)
PPARy immunoreactivity (nagative/positive) 0.0287 0.2558 -
p27 immunoreactivity (negative/positive) 0.0797 — —_
Adjuvant chemotherapy (nofyes) 0.1458 —_ —
KI-67 LI (>10/<10) 0.2818 —_ -
Tamaoxifen therapy (nolyes) 0.5807 —_ -
p21 immunoreactivity (negative/positive) 0.6751 —_ —_
ERa status (negativa/positive) 0.9532 —_ —_

Data considered significant (P <0.05) in the univariate analyses are In boldface, and were examined in the multivariate analyses.

Table 6 Univariate and multivariate analyses of overall survival in 174 ER a-positive breast cancer patients examined

Multivariate
Variable Univariate P P Relative risk (95% CI)
Lymph node status (positive/negative) «<0.0001 <0.0001 18.006 (4.402-£8.08)
Histological grade (3/1, 2) <0.0001 0.0512 —
Tumor size (>20mm/ < 20mm) <0.0001 0.0724 —_—
HER2 stalus (positive/negative) 0.0008 0.3899 —
PPARy immunoreactivity (negative/positive) 0.0076 0.0372 2.799 (1.128-8.264)
c-Myc immunoreactivity (positive/negative) 0.0252 0.2881 —
p27 immunoreaclivity (negative/positive) 0.0532 —_ —_—
Adjuvant chemotherapy (no/ves) 0.1057 — —
K67 LI (>10/<10) 0.1123 — —
Tamoxifen therapy (nolyes) 0.1497 = —
p21 immunoreactivity (negative/positive) 0.2231 — —

Data considered significant (P<0.05) in the univariate analyses are in boldface, and were examined in the multivariate analyses.

interaction of these two nuclear receptors in human
breast carcinoma cells. Previously, Keller er al. (1995)
reported that PPARo/RXRp heterodimer can bind
to ERE and possibly modulate the ER-signaling
pathway, but this has not been examined in breast
Cancers.

In order to examine this hypothesis, we used MCF-7
breast cancer cells in the following in vitro experiments,
because MCF-7 cells were associated with expression
of ERa, PPARY, and RXRao, B, v (data not shown).
When MCF-7 cells were transiently transfected with
ptk-ERE-Luc plasmids and treated with 10nM estra-
diol, the luciferase activity of the cells was 17-fold
increased compared with their basal level (Fig. 3A).
PPARY activator 15d-PGl; significantly inhibited
ERE-dependent transactivation by estradiol in a
dose-dependent manner, and the luciferase activity of
MCF-7 cells treated with 10nM estradiol and SuM

www.endocrinology-joumals.org

15d-PGJ, was decreased to 53% of that treated with
10nM estradiol alone (P<0.001), 15d-PGJ; (5uM)
alone did not significantly change the luciferase
activity compared with their basal level (P = 0,8837).
15d-PGIJ,, however, did not significantly inhibit the
ERE-dependent transactivation by estradiol, when
these cells were treated with a potent PPARY
antagonist GW9662 (Leesnitzer ez al. 2002).

The ERE-dependent transactivation by estradiol
was also inhibited by other PPARY agonists such as
GW1929 and ciglitazone, in & dose-dependent manner
(P<0.001, on addition of 5uM GW1929 or ciglita-
zone), but was not altered by treatment with PGF,,,
which does not activate PPARY (Kliewer er al. 1995)
(Fig. 3B). Results of immunoblotting analysis revealed
that relative immunointensity of ERo was not sig-
nificantly (P=0.7749) altered by the treatment with
15d-PGJ; in MCF-7 cells (Fig. 3C).
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Figure 3 Effects of PPARy activalor 15d-PGJ; on
ERE-dependent transactivation in MCF-7 cells. (A) MCF-7
cells were translantly transfected with pERE-Luc plasmids,
and treated with the indicated concentrations of estradiol,
15d-PGJ, and GW9662 (PPARY antagonist) for 24h, The
luciferase activity was evaluated as a ratio (%) compared
with that of controls (trealment without estradiol, 15d-PGJ,
or GWSEE2 for 24h (left column)). Data are presented as
means+s.0. (n1=3). **P<0.01 and ***P<0.001 va 10nM
estradiol alone. (B) MCF-7 cells transfected with pERE-Luc
plasmids were treated with the indicated concentrations of
estradiol and GW1929 (PPARy agonist), cigltazone (PPARY
agonist), or PGF,, (no activator of PPARY) for 24 h. Data
are prasented as means +s.0. (n=38). **P<0.01 and'
***P<0.001 vs 10nM estradiol alone respectively. (C)
Immunobletting for ERa@ in MCF-7 cells, ERa and B-actin
immunocreactivities were detected as specific bands
(approximately 66 and 42 kDa respectively); 20ug of protein
were loaded in each lane. Data of immunointensity ratio
(ERo/B-actin) are presented as means+s.0. (n=3). No
significant association was detected.
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Table 7 The number and percentage of genes classified
into four groups according to the effects of 15d-PGJ; on
the estrogen-mediated mRNA expression in the microarray
analysis

Regulation of mRNA
expression by
estradiol with 15d-PGJ,

Not significant  Significant Total

Estrogen Group A Group B —
up-regulated n=9 (18%) n=23 (47%) n=32 (65%)
genes

Estrogen Group C Group D -
down-regulated  n=7 (14%) n=10(20%) n=17 (35%)
genes

Total n=16 (33%) n=33(67%) n=49 (100%)

A cuslom-made microarray (EstrArray; InloGenes, Co. Lid,
Tsukuba, Japan), which contains 175 estrogen-responsive
genses (Inoue et al 2002, Hayashi et al 2003), was used in
this study,

MCF-7 cells were lreated with eslradiol (10 nM) with or without
15d-PGJ; (SpM) for 72h, Genes showing the value of more
lhan 2.0- or less than 0.5-1old compared with the control
(treated without estradiol or 15d-PGJ, for 72 h) were regarded
as significantly regulated.

Effects of 15d-PGJ; on estrogen-mediated
transcription in MCF-7 cells in microarray
analysis

We further examined the effects of 15d-PGJ, on
estrogen-mediated transcription in MCF-7 cells using
a custom-made microarray. Significant alterations of
mRNA expression by estradiol treatment (10nM
for 72h) were detected in 49 genes in this study, and
these genes were classified into the following four
groups (Table 7): Group A; mRNA expression was
significantly up-regulated by estradiol, but the sig-
nificance vanished on addition of 15d-PGIJ; (5uM)
(nine genes; Table 8), Group B; mRNA expression was
significantly up-regulated by estradiol with or without
15d-PGJ, (23 genes; Table 9), Group C; mRNA ex-
pression was significantly down-regulated by estradiol,
but the significance vanished on addition of 15d-PGJ,
(seven genes; Table 10), and Group D; mRNA
expression was significantly down-regulated by estra-
diol with or without 15d-PGJ; (ten genes; Table 11).

Effects of 15d-PGJ. on estrogen-mediated
transcription in MCF-7 cells using real-time
PCR analysis

In order to confirm the results from microarray anal-
ysis, we performed real-time PCR analyses for the
representative 11 genes in MCF-7 cells (Fig. 4A-K).
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