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additional multiple levels of immunohistochemistry leads to
significant upgrading. For example, Freneaux et al reported
upgrading in 47% of examined cases using four H&E sections
and six additional levels of cytokeratin immunohistochemis-
try at intervals of 0.15 mm .38

Most merastaric foci derecred only by immunchistochem-
istry will be either micrometastases or isolated rumour cells,
There is a small possibility that cells other than metastatic
carcinomas may be positive (false-positive staining), such as
some macrophages. Benign transpott of breast epithelium
and pseudometastasis from noninvasive carcinomas have been
reported. 3?40 To avoid pseudometastasis and to detecr only
clinically significant metastases, it is recommended that the
number of immunchistochemistry-positive cells be quanti-
fied,'? e.g. less than 10 cells, 10-100 cells, and more than 100

cells, as represented in two dimensions on a slide.

Molecular analysis

RT-PCR has been used for molecular analysis of SLNs. It is
more sensitive than immunohistochemistry, but specific mark-
ers ate lacking, The results of upgrading are still variable, and
the procedure is not feasible in all pathology laboratories. At

least currently, it is only used for research.4
Assessment of metastases detected in SLNs

The clinical significance of carcinoma metastases in SLNs is
important because almost half of SLN-positive cases may have
further metastases in non-sentinel nodes.*! Extranodal inva-
sion from the SLN, the size of the metasratic focus in the SLN,
the number of positive SLN nodes, and the size and lym-
phovascular invasion of the primary tumour are correlated
with non-SLN metastases.*1%2 Conversely, small primary tu-
mours (i.e. Tla ) and micromertastases are unlikely to have
further merastases in non-SLNg 2042

The negative predictive value of SLNs is considered
good,** bur the probabilities are significantly changed ac-
cording to pathological procedures. Turner and colleagues
analysed 1,087 non-sentinel nodes from 60 patients who were
SLN-negative by H&E and immunochistochemistry. Only
one node (one case) was positive for carcinoma, and the lesion
was only detected by additional immunchistochemistry.
Thus, the probability of non-SLN merastasis will be less than
0.1% if SLN negativity is confirmed by both H&E and
immunohistochemistry. In other words, isolated tumour cells
in SLNs are unlikely to be associated with non-SLN involve-

ment.

Finally, the clinical significance of micrometastases and/
or isolated carcinoma cells has not been well elucidated. There
are some studies, 374536 bur the real prognostic significance
of micrometastases (i.e. detected by immunochistochernisery
only) will only be clarified by furure additional studies.

References

1. The Research Group of Population-based Cancer Registration in
Japan. Cancer incidence and incidence rates in Japan in 1997. Esti-
mates based on data from 12 population-based cancer registries. Jpn
J Clin Oncof 2002;32:318-22.

2. Silverberg 5G, Chitale AR. Assessment of significance of propor-
tions of intraducral and infiltrating tumor growth in duceal carci-
noma of che breast. Cancer 1973;32:830-7.

3. Osaka Cancer Registry (OCR), 65" issue. Osaka Prefecture, Japan:
Osaka Cancer Registry, 2002. [In Japanese]

4. Cserni G, Amendoeira I, Apostolikas N, et al. Pathological work-up
of sentinel lymph nodes in breast cancer. Review of current data to
be considered for the formulation of guidelines. Eur J Cancer 2003;
39:1654-67.

5. PikrenJW. Significance of occult metastases. Cancer 1961;14:1266-
71

6. Carr I, Murari PJ, Petcigrew NM. Lymph nodes and spleen. In:
Silverberg SG, ed. Principles and Practice of Surgical Pathology, 204
edition. New York: Chuechill-Livingstone, 1989:375-430.

7. Diaz LK, Hunt K, Ames F, et al. Histologic localization of sentinel
lymph node merastases in breast cancer. Am J Surg Pathol 2003;27;
385-9.

8. Weaver DL. Sentinel lymph nodes and breast carcinoma. Which
micrometastases are clinically significant? Am J Surg Pathol 2003;27:
842-5.

9. Greene FL, Page DL, Fleming ID, et al, eds. AJCC Cancer Staging
Manudl, 6 edition. New York: Springer, 2002:223-40,

10. Schwartz GF, Giuliano AE, Veronesi U, for the Consensus Confer-
ence Committee. Proceedings of the Consensus Conference on the
Role of Sentinel Lymph Node Biopsy in Carcinoma of the Breast,
April 19-22, 2001, Philadelphia, Pennsylvania. Hum Pathol 2002;33:
579-89.

11. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel-node biepsy to

—

avoid axillary dissection in breast cancer wich clinically negative
lymph-nodes. Lancet 1997;349:1864-7.

12. Strattmann SL, McCarthy TM, Kuhn ). Radiation safety with breast
sentinel node biopsy. Am J Surg 1999,178:454-7.

13. Viale G, Bosari 5, Mazzarol G, et al. Intraoperative examination of
axillary sentinel lymph nodes in breast carcinoma parients. Cancer
1999;85:2433-8.

14. Canavese G, Gipponi M, Carrurich A, er al. Sentinel lymph node
mapping opens a new perspective in the surgical managemenc of
early-stage brease cancer: a combined approach with vital blue dye
lymphatic mapping and radioguided surgery. Semin Surg Oncol 1998;
15:272-7.

15, Schneebaum S, Standler J, Cohen M, et al. Gamma probe-guided
senrinel node biopsy - optimal timing for injection, Eur [ Surg Oncol
1998:24:515-9.

6. Koller M, Barsuk D, Zippel D, et al. Sentinel lymph node involve-

—268—

Astan Journar oF SurGery VoL 27 - No 4 - Octoser 2004



1 SLN EVALUATION FOR BREAST CANCER ¥

—

ment - a predictor for axillary node scatus with breast cancer - has
the time come? Eur ] Surg Oncol 1998;24:166-8.

. Imoto S, Fukukira H, Murakami K, et al. Pilot study on sentinel node
biopsy in breast cancer. f Surg Oncol 2000;73:130-3.

. Noguchi M, Tsugawa K, Miwa K, et al. Sentinel lymph node biopsy
in breast cancer using blue dye with or withour isetope localization.
Breast Cancer 2000,7:287-96.

. Motomura K, Inaji H, Komoike Y, et al. Intraoperarive sentinel
lymph node examination by imprint ¢ytology and frozen sectioning
during breast surgery. Br J Surg 2000;87:557-601.

. Weiser MR, Montgomery LL, Susnik B, etal. Is routine intraoperative
frozen-section examination of sentinel lymph nodes in breast carei-
noma worthwhile? Ann Surg Oncol 2000,7:651-5.

. Veronesi U, Paganelli G, Viale G, et al. Sentinel lymph node biopsy
and axillary dissection in breast cancer: results in 2 large series. ] Nat/
Cancer Inst 1999;91:368-73.

. Moriya T, Manabe T, Irei I, et al. Significance of imprint/scrape
cytology in intraoperative consultation of breast diseases. Pathol Clin
Med 1994;12:719-23. [In Japarese]

. Rubio IT, Korourian $, Cowan C, et al. Use of touch preps far
intraoperative diagnosis of sentinel lymph node mezascases in breast
cancer. Ann Surg Oncol 1998,5:689-94.

. Raranawichitrasin A, Biscotti CV, Levy L, et al. Touch imprint
cyrological analysis of sentinel lymph nodes for detecting axillary
metastases in patiencs with breast cancer. BrJ Surg 1999;86:1346-8.

. Heary-Tillman RS, Korourian S, Rubio IT, et al. Intraoperative
touch preparation for sentinel lymph node biopsy: a 4-year experience.
Ann Surg Oncol 2002,9:333-9,

. Karamlou T, Johnson NM, Chan B, et al. Accuracy of intraoperative
touch imprint cytologic analysis of sentinel lymph nodes in breast
cancer. Am [ Surg 2003;185:425-8.

. Dowlatshahi K, Fan M, Bloom KJ, et al. Occult merastases in che
sencinel lymph nodes of patients with early stage breast carcinoma:
A preliminary study. Cancer 1999;86:990-6.

. Turner RR, Ollila DW, Stern S, et al. Optimal hiscopathologic exam-
ination of the senrinel lymph node for breast carcinoma staging, Am
J Surg Pathol 1999;23:263-7.

. Nahrig ], Richrer T, Kowolik |, et al. Comparison of different his-
topathological methods for the examination of sentinel lymph
nodes in breast cancer. Anticancer Res 2000;20:2209-12.

30. Torrenga H, Rahusen FD, Meijer §, er al. Sentinel node investigation

in breast cancer: detailed analysis of the yield from step sectioning
and immunchistochemistry. f Clin Pathol 2001;54:550-2.

. Czerniecki BJ, Scheff AM, Callans LS, et al. Inmunohiscochemistry
with pancytokeratins improves the sensitivity of sentinel lymph
node biopsy in patients with breast carcinoma. Cancer 1999;85:
1093-103.

—

. Noguchi M, Bando E, Tsugawa K, et al. Staging efficacy of breast

cancer with sentinel lymphadenectomy. Breast Cancer Res Treat 1999;
57:221-9.

. Pendas S, Dauway E, Cox CE, ec al. Sentinel node biopsy and cyto-

keratin staining for the accurate staging of 478 breast cancer pa-
tients. Am Surg 1999;65:500-5. i

. Kowolik JH, Kuhn W, Nahrig ], ec al. Detection of micrometascases

in sentinel lymph nodes of the breast apé[ying monoclonal antibod-
ies AE1/AE3 to pancytokeratins. Oncol Rep 2000,7:745-9.

- Mann BG, Buchanan M, Collins PJ, et al, High incidence of micro-

merastases in breast cancer sentinel nodes. Aust NZ J Surg 2000;70:
786-90.

. Wong SL, Chao C, Edwards MJ, et al, for the University of Louisville

Breast Cancer Study Group. The use of cytokerarin staining in
sentinel lymph node biopsy for breast cancer. Am J Surg 2001;182:
330-4.

. Salem AA, Douglas-Jones AG, Sweetland HM, et al. Intraoperative

evaluation of axillary sentinel lymph nodes using touch imprint
eytology and immunohistochemistry. I. Protocol of rapid immuno-
staining of touch imprints. Eur f Surg Oncol 2003;29:25-8.

. Freneaux P, Nos C, Vincent-Salomon A, et al. Histological detection

of minimal metastatic involvement in axillary sentinel nodes. A
rational basis for a sensitive methodology usable in daily pracrice.
Mod Pathol 2002;15:641-6. ’

. Carter BA, Jensen RA, Simpson JF, et al. Benign transport of breast

epithelium into axillary lymph nodes after biopsy. Am J Clin Pathel
2000;113:259-65.

. Page DL, Carter BA. Sentinel lymph nodes, breast cancer, and pseu-

dometastases. Breast Dis 2002;12:362-3.

. Turner RR, Chu KU, Qi K, ec al. Pathologie features associated with

nonsentinel lymph node metastases in patients with metastatic
breast carcinoma in a sentinel lymph node. Cancer 2000;89:574-81.

. Chu KU, Turner RR, Hansen NM, et al. Do all patients with senrinel

node metastasis from breast carcinoma need complete axillary node
dissection? Ann Surg 1999;229:536-41.

. Liu GJ], Fan ZM, Tang Q, et al. Lymphatic mapping and sentinel

lymph node biopsy in the parients wich breast cancer. Chin J Cancer
Res 2000;12:293-5.

. Tuener RR, Otlila DW, Krasne DL, et al. Histopathologic validation

of the sentinel lymph node hypothesis for breast carcinoma, Ann
Surg 1997,226:271-6.

. Millis RR, Springall R, Lee AH, et al. Occult a.xi[la.rly lymph node

metastases are of no prognostic significance in breast cancer. Br |
Cancer 2002,;86:396-401.

46. Lagios MD. Clinical significance of immunohistochemically detect-

able epithelial cells in sentinel lymph node and bone marrow in
breast cancer. J Surg Oncol 2003;83:1-4.

Astan Journat oF Surcery Vou 27  No 4 - Ocroser 2004

—2569~—



J} Hum Genet (2004) 49:391-395
DOI 10.1007/s10038-004-0160-5

SHORT COMMUNICATION

Masanori Kawahara - Masato Sakayori

Kazuko Shiraishi - Tadashi Nomizu - Motohiro Takeda
Rikiya Abe - Noriaki Ohuchi - Seiichi Takenoshita
Chikashi Ishioka

Identification and evaluation of 55 genetic variations in the BRCAI
and the BRCAZ genes of patients from 50 Japanese

breast cancer families

Received: 29 Januacy 2004/ Accepted: 7 April 2004 / Published online: 27 May 2004

© The Japan Society of Human Genetics and Springer-Verlag 2004

Abstract We sequenced approximately 23 kb genomic
regions containing all the coding exons and their
franking introns of two breast cancer susceptibility
genes, BRCAI and BRCA2, of 55 individuals from 50
unrelated Japanese breast cancer families. We identi-
fied 55 single-nucleotide polymorphisms (SNPs) (21 in
BRCA! and 34 in BRCA2) containing nine pathogenic
protein-truncating mutations (four in BRCAland five
in BRCA2? from ten patients). Among the remaining
46 SINPs, allele frequencies of 40 were examined in
both the breast cancer patients and 28 healthy vol-
unteers with no breast cancer family history by PCR-
RFLP or by direct DNA sequencing. Twenty-eight
SNPs were common and were also found in the
healthy wvolunteers andfor a SINP database. The
remaining 18 were rare (allele frequency <0.05) and
were not found in the healthy volunteers and/or the
database. The pathogenic significance of these coding
SNPs (cSNPs) remains to be clarified. The SNP in-
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formation from this study will be useful in the future
genetic testing of both BRCAI! and BRCA2 genes in
the Japanese population.

Keywords Single-nucleotide polymorphism (SNP) -
Breast cancer susceptibility gene - BRCAI - BRCAZ -
Japanese population - Direct DNA sequencing

Introduction

Mutations in the BRCAI and the BRCA2 genes have
been linked with the susceptibility to breast and ovarian
cancer (Miki et al. 1994; Wooster et al. 1995; Tavtigian
et al. 1996). Mutation carriers of these genes are at high
risk of breast and ovarian cancer (Narod et al. 1995;
Ford et al. 1998; Thorlacius et al. 1998; Neuhausen 1999;
Rebbeck 1999; Struewing et al. 1997; Anglian Breast
Cancer Study Group 2000). The two genes have large
coding sequences consisting of 48 exons in total, and a
large number of mutations and SNPs are reported in the
Breast Cancer Information Core (BIC) database (http://
research.nhgri.nih.gov/bic/) and the dbSNP database
(http://www.ncbi.nlm.nih.gov/SNP/findex.html). The
majority of mutations described are protein-truncating
mutations containing frame-shift mutations and non-
sense mutations. In the BIC database, 55.9% of genetic
variants are reported as pathogenic mutations containing
mainly protein-truncating mutations and a small fraction
of pathogenic missense mutations, and 39.3% of variants
are categorized as ““unclassified variants.” These variants
contain coding SNPs (cSNPs) that result in amino-acid
substitutions or SNPs located at exon-intron bound-
aries. We have also reported five protein-truncating
mutations and 12 “unclassified variants” that have been
found only once in 24 breast cancer families (Sakayori
et al. 2003). To elucidate whether detected SNPs are
pathogenic mutations or not, it is important to accu-
mulate SNP information (both the type and allele fre-
quency) in patients and the general population.
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Table U Sequence variations detected in the BRCA/ and the BRCA2 genes

SNP ID* Location Variation® Flanking sequence (5" to 3%) dbSNP IDF  BIC®  Volunteers®
BRCAlgene

BRCA1-1 Intron | VSI-I15C>T tggtttatat CfT attctaaaac 153765640 +
BRCA!-2 Exon 3 K38 (silent) (114G > A) tctccacaaa GJA tgtgaccaca rs8176099 + +
BRCAI-3 Intron 8§ IVS8-58delT tacatetrtt T/- anccctitta + +
BRCAI-4* Exon [ G275D (824G > A) gagecatgtg G/A cacaaatact

BRCAL-5 Exon 1 5694 (silent) (2082C > T) gacatgacag C/T gatactttee rsi1799949 + +
BRCAIL-6 Exon 11 L771 (silent) 231LT>C) cagtatttca T/C tggtacctzg rs16940 + +
BRCAI-7* Exon I 2389-2390delGA* ggcaaaaaca GA/- accagataaa

BRCAIL-8 Exon Il PE7IL {2612C>T) tcatttgete CfT gtittcaaat r$799917 + +
BRCAL-9 Exon 11 EI1038G (3L13A>G) gtttitanag A/G agecagetea rsi6941 + +
BRCAL-10 Exon I1 KI183R (35483A> Q) ageglecaga A/G aggagagett rs16942 + +
BRCAI-11* Exon 12 CI32X (4116T > A)* catctgezte T/A gagagtgaaa

BRCAI!-12 Exon 13 §1436 (silent) (4308T > C) tangtgacte T/C tetgeecttg rs1060915 + +
BRCAL-13* Intron 14  IVSI4+14A>G agaaacatca AJG tgtaaagatg +
BRCAI-14 Exon 16 SI613G (48374 > Q) atctgeeeag A/G gtecagetge rs1799966 + +
BRCAI-15*  Exon 16 MI1628T (4883T > C) tataatgeaa T/C ggaagaaagt rs4986854 +
BRCAI-16 Intron 1§  IVSI8+66G>A tacacctaac G/A titaacacct 53092994 + +
BRCAL-17%  Intron22  IVS22+33A>T gagagggage A/T cacaatattc

BRCAI-18*  Intron23 IVS23+38G>T atggtaaget G/T cctgcatgta +
BRCAI-19 Exon 5 L63X (188T > A)* cagtgtectt T/A atgtaagaat +
BRCAI1-20 Exon 3 H41R (122A>G) aagtgtgacc A/G catattttgcaaa

BRCAI1-21 Exon 8 470-471delCT* tccaactet CT/—- aaccttggaa +
BRCA2pene

BRCA2-1 Exon 2 SUTR-26G>A tatttaccaa G/A cattggagea 51799943 + +
BRCA2-2# Intron 2 IVS2-16T> A taaggtggga T/A terttettta

BRCA2-3* Intron 2 IV82-9T>G ggattttttt T/G ttaaatagat

BRCA2-4 Intron 4 IVS84+67A>C tgttctataa A/C gatgaatctg +
BRCA2-5 Intron 4 IV34-89T>C acaatttata T/C gaatgagaat + +
BRCA2-6 Intron 7 IVST+183T>A caaatacatt T/A agtggtagte +
BRCA2-7 Intron § IV88+56C>T tttggaatge C/T tigttaaatt + +
BRCA2-8* Exon L0 F266 (silent} (798T > C) gtcatggatt T/C ggaaaaacat

BRCA2-9 Exon 10 N289H (865A > C) gteaatgeca A/C atgtectaga rs766173 + +
BRCA2-10 Exon [0 H372 N (L114C=>A) aaatgtagca C/A atcagaagcc rs{44848 + +
BRCA2-11 Exon 10 5455 (sitent) (1365A. > G) taccanaatc A/G gagaagecat rsl801439 + +
BRCA2-12¥ Exon 10 T582P (1744A > C) tttaatatce A/C ctitzaanaa +
BRCA2-13 Exon 11 H743 (silent) (2229T > C) cagtacaaca T/C tcaaaagtgg + +
BRCA2-14 Exon 11 M784V (2350A > G) aaacctagtc A/G tgatttctag + +
BRCA2-15 Exon 11 N9SID (297IA> Q) tgattacatg A/G acaaatgggc rs1799944 + +
BRCAZ2-16 Exon 11 K1132 (silent) (3396A > G)  agtttagaaa A/G ccaagctaca rsl1801406 + +
BRCA2-17# Exon 11 S1140 (silent) (3420T > C) tgcagaagag T/C acatttgaag

BRCA2-[8* Exon 11 31830delA* aagatagaaa A/— tcataatgat

BRCA2-19*  Exon 11 L1522F (4566G >T) ctactetgtt G/T ggttttcata

BRCA2-20*  Exon 1l G2044V (6131G>T) teecaaaaag GJT ctittcatat + +
BRCA2-21 Exon 14 52414 (silent) (7242A > G) aaactaaatc A/G cattricaca Rs[799955 + +
BRCA2-22"  Exon 11 6491-6495del AGTTG* gacaaacanc AGTTG/- glattaggaa

BRCA2-23 Intron 16  IVSI6+47A>G gtatteecete AJG teectettte

BRCA2-24 [ntron 16  IVS16-14T>C aatattetac T/C tttattegtt + +
BRCA2-25 Exon 11 V21091 (6325G > A) actteetegt G/A ttgataagag +
BRCA2-26*  Exon 20 S2835X (8504C > A)* gagaagacat CfA alctggatta

BRCA2-27 Intron22 IVS822-147A>G cagataaagt A/G taaagttagt

BRCAZ-28 Exon 25 R3128X (9382C>T)* AucctecagtggClTeaccagaatce +
BRCA2-29 Exon {0 1278delA* Licagaaaa Aj- gacctattag

BRCA2-30 Exen 10 K322Q (964A>C) aaatctacaa A/C aagtaagaactage +
BRCA2-3} Exon 10 Ed425 (silent) {1275A > Q) aaatatttcaga A/G anagacet

BRCA2-32 Exon 11 V1269 (silent) (3807T > C) catgattetgt T/C gtttcaatgt +
BRCAZ2-33 Exon 11 E1455 (silent) (4365A > G) cagaaaccaga A/G gaattgcata

BRCA2-34 Exon 18 K2729N (8187G>T) tatgetgttan G/T geecagttagatect +

“The SNP ID that have been found in this study. #*Published pre-
viously (Sakayori et al, 2003}

®The nucleotide number in the coding region indicates the position
downstream of the first nucleotide of ATG (initiation codon) in the

database

BRCA! gene or the BRCA2 gene. *: Nonsense or frame-shift

mutation
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Table 2 Allele frequencies of

SNPs in the BRCA[ and the SNP (D Allele frequency
BRCAZ genes Breast cancer patients® Volunteers® dhSNP!
BRCAlgene
BRCAIl-I €=043, T=0.57 C=0.52, T=048 (C=0.343, T=0.657
BRCAL-2 G=0.93, A=0.07 G=098 4=002 &=09%4, 41=0.005
BRCAL-3 T7=0.65 7T6=0.35* T7=050, T6=0.50
BRCAIl-4 G=0.98 A=0.02 G=1.00, 4=0.00
BRCAI-S (C=0.62, T=0.38 C=0.56, T=044 C=0.657, T=0.343
BRCAIl-6 T=0.62, C=0.38 T=0.54,C=046 T=0678, C=0.322
BRCAIl-8 (=062 T=0.18 C=054,T=046 C=0.619, T=0.381
BRCAL-9  A=0.62, G=0.38 A=054 G=046 A=0725 G=0.275
BRCAI-10 A=0.62, G=0.38 A=054, G=046 A=0.703, G=0.297
BRCAIL-12 T=0.62, C=0.38 T=0.54, C=046 T=0.747, C=0.253
BRCAL-13 4=098, G=0.02* A=1.00, G=0.00
BRCAL-14 A4=062, G=0.38 A=034, G=046 A4=0.696, ¢G=0.304
BRCAI-15 T=098, C=0.02 T=1.00,C=0.00 T=0995 C=0.005
BRCAIL-16 G=0.63, A=0.37 G=0.54, 4A=046 ¢=0.693, 4=0.307
BRCAL-17 A4=098, G=0.02* A=1.00, G=0.00
BRCAI-18 G=0.99, T=0.01 G=1.00, T=0.00
BRCAL-20 4=0.99, G=0.01 ND
BRCA2gene
BRCA2-1  G=0.55 A=0.45 G=049 A=031 G=0.762, A=0.238
BRCA2-2 T=097, C=0.03* T=1.00, C=0.00
BRCAZ2-3] T=098 G=0.02* T=1.00, C=0.00
BRCA2-4 A4=0.84, C=0.16* A=0.84, C=0.16
BRCA2-5 T=0384, C=0.156* T=0.84, C=0.16
BRCAZ-6 T=032, A=0.68* T=0.58, A=0.42
BRCA2-T (=096, T=0.04* C=0.96, T=0.04
BRCA2-8 T=0.98 C=002 T=1.00, C=0.00
BRCA2-9 A=0486 C=0.14 A=084, C=0.16 A=0.838, C=0.024, G=0.009, T=0.129
BRCA2-10 4=0.80, C=0.20 A=0.82, C=0.18 A=0.607, C=0.281, G=0.026, T=0.085
BRCA2-11 A=0.86,G=0.14 A=084, G=0.16 A=0.875 G=0.125
BRCA2-12 A4=0.99, C=0.01 A=1.00, C=0.00
BRCA2-13 T=0.85, C=0.14 T=0.84, C=0.16
BRCA2-14 A=0.93, G=0.07 A=095 G¢G=0.05
BRCA2-15 A=0.85 G=0.15 A=0.84, G=0.16 A=0970, G=0.030
BRCAZ2-16 A=047, G=0.53 A=050, G=0.50 A4=0.705, G=0.295
BRCA2-17 T=0.99, C=0.0l T=1.00 C=0.00
BRCA2-19 &=0.98, T=0.02 G=1.00, T=0.00
‘Identical to the SNP ID listed  BRCA2.20 =097, T=0.03 G=098, T=0.02
in Table 1, % found ina relative  BRCA2-21 A=0.58, G=0.42 A=050,G=0.50 A4=0758, G=0.242
but not in the proband BRCA2-23 A=0.96, G=0.04* A=100, G=0.00
llO alleles from 55 patients, BRCA2-24 T=0.36, C=0.64 T=027 C=0.73
. data derived from 68 alleles BRCA2-25% G=0.99, A=0.01 G=1.00, A=0.00
(34 patients) BRCA2-27¥ 4=098, G=0.02* A=100, G=0.00
56 alleles from 28 healthy BRCA2-30 A=0.97, C=0.03 ND
volunteers, ND: not BRCA2-31 A=0097, C=0.03 ND
determined : BRCA2-32 T=0.86, C=0.14 ND
National Center for Biotech- BRCA2-33 A=0.98, G=0.02* ND
nology Information {NCBI) BRCA2-34 G=0058, T=0.02 ND

dbSNP database

In this study, we extended our study on the BRCA!

and BRCA2 sequencing project to 55 breast cancer
patients from 50 Japanese breast cancer families. We
evaluated the detected SNPs by comparing the allele
frequency of the SINPs in healthy volunteers.

Subjects and methods

Fifty-five enrolled patients (including 50 probands and
five relatives) with a history of breast cancer from 50
unrelated high-risk breast cancer families were selected
according to the criteria defined by the Tohoku Familial
Cancer Society (Sakayori et al. 2003). An additional 28

Japanese volunteers with no breast cancer family history
were also enrolled to analyze the specific BRCA! and
BRCAZ variations detected in the breast cancer patients.
We obtained informed consent from all patients and
volunteers, and the independent studies were approved
by the Familial Cancer Society and the Ethical Com-
mittee of Tohoku University Graduate School of Med-
icine. To identify the sequence variations in the BRCA!
and BRCA2 genes of the familial breast cancer patients,
we sequenced approximately 23 kb genomic regions of
the BRCA! (8.4 kb) and the BRCA2 (14.6 kb) contain-
ing all coding exons and their franking introns using a
method described previously (Sakayort et al. 2003). The
identified SNPs found in the familial breast cancer
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patients were also examined in the genontic DNA from
the healthy volunteers by PCR-RFLP analysis using
PCR primers, cycle conditions and restriction enzymes
for PCR-RFLP analysis (http://www.idac.tohoku.ac.jp/
dep/co/fdata/saka/brea02.hitm) or by DNA sequence
analysis. We used Genbank (U14680 and UG1268 for
BRCAS, U43746 and X95152-77 for BRCA2) and the
BIC database as the reference sequences of BRCA/! and
BRCAZ2 genes.

Results and discussion

By DNA sequencing analysis of the BRCA! and
BRCA2genes for 55 patients from 50 unrelated breast
cancer families; we detected 55 SNPs (2I SNPs in
BRCAI and 34 SNPs in BRCA2). Among these SNPs,
we found nine protein-truncating mutations (four in
BRCAland five in BRCA2) in ten patients containing six
novel mutations that were not found in the BIC data-
base (http://research.nhgri.nih.gov/bic/) (Table 1). The
existence of mutations were also confirmed by the stop
codon assay in yeast (Ishioka et al. 1997; Sakayori et al.
2003). The percentage of protein-truncating mutations
in the examined families was 20% (ten of 50), compa-
rable with several reports describing the frequency of
protein-truncating mutations of the two genes in Japa-
nese breast cancer families (Inoue et al. 1995; Takano
et al. 1997; Inoue et al. 1997; Ikeda et al. 2001). Al-
though the frequency was also similar to results from
Western populations, the number of patients studied in
our and other Japanese populations was smaller than
that in Western countries. Therefore, it is necessary to
study a larger number of patients to clarify the mutation
‘frequency in Japanese familial breast cancer.

Among the remaining 46 SNPs (17 SNPs in BRCA!
and 290 SNPs in BRCA2), 18 and 31 have been reported
in the dbSNP database and in the BIC database,
respectively, (Table 1). To evaluate whether the SNPs
are also found in Japanese healthy volunteers, all but six
SNPs were further examined by PCR-RFLP analysis or
by DNA sequence analysis. Twenty-six SNPs were
found in the volunteers at least once with different allele
frequencies (Table 2). In these 40 SNPs, we predicted
that 27 SNPs were common polymorphisms and prob-
ably played no direct role in the tumnorigenesis of breast
cancer, The remaining 13 SNPs were quite low in allele
frequency (<0.05) and were not fouad in the healthy
volunteers or the dbSNP database. In addition, there
were six SNPs that failed to examine in the volunteer
group. In these six SNPs, one was predicted to be
common and five to be rare from the allele frequencies in
the patients. Overall, we predicted the [8 rare SNPs are
candidates of pathogenic mutations and that the
remaining 28 were common polymorphisms and prob-
ably have no direct roll in tumorigenesis of breast can-
cer. In the 18 rare SNPs, five (BRCAL-13, BRCAL-17,
BRCA1-18, BRCA2-2, BRCA2-3) were located at the
exon—intron boundaries and two (BRCA2-23, BRCA2-

27) were located in introns far from exon-intron
boundaries. Although SNPs at the exon—intron bound-
arvies may affect normal RNA splicing, our RT-PCR
analysis showed negative data for splicing abnormalities.
[n the remaintng L! rare cSNPs, seven (BRCAI-4,
BRCAL-20, BRCA2-12, BRCA2-19, BRCA2-25,
BRCA2-30 and BRCAZ2-34) were nonsynonymous sub-
stitution resulting in the amino-acid substitutions, and
four (BRCA2-8, BRCA2-17, BRCA2-31 and BRCA2-
33) were synonymous (silent) changes. These SNPs may
directly affect the functions of BRCAIl and BRCA2
proteins or affect normal splicing by acting as possible
cryptic splicing sites. Unfortunately, we have failed to
clarify this issue mainly because there are no reliable
functional assays of either BRCA! or BRCA2 protein
for many nonsynonymous changes.

To confirm the pathogenic effect of rare SNPs, both
the development of functional assays for these gene
products and more intensive SNP analysis including an
investigation into whether these SNPs cosegregate with
breast cancer onset in families are necessary.
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Abstract

This paper describes silica-coating of polystyrene microspheres incorporated with fluorescence dyes (fluorescent microspheres) by means
of a seeded polymerization technique based on Stéber method. The silica-coaling of the fluorescent microspheres was performed m the
presence of 0—10 g/1 polyvinylpymolidone (PVP), 1.13-17 M water, 0-1.2 M aqueous ammonia and 0.00038-0.2 M tetraethoxyorthosilicate
(TEOS). The addition of PVP was found to suppress the generation of free silica particles and improve the uniformity of shell thickness,
The silica shell thickness increased from 13 to 138 nm with an increase in TEOS concentration at 10 g/l PVP, 0.4 M aquecus ammonia and
10.9 M water, The thickness also increased with the ammonia concentration and the water concentration. However, excess ammonia and water
caused aggregation of free silica particles and the polystyrene microspheres. The silica-coated flucrescence microspheres showed more stable

fluorescence 1o laser-irradiation than uncoated microspheres.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Fluorescent microsphere; Core-shell; Silica-coating; Sol-gel; Seeded polymerization

1. lntroduction

Microspheres incorporated with fluorescence dyes (fluo-
rescent microspheres) have been used widely as cell-surface
antigen detection, neutral retrograde tracers, phagocytosis
tracers, sensitive diagnostic reagents and blood flow mea-
surements [1-4]. It is desirable that fluorescences of dyes
in the microspheres are strong and persistent for long peri-
ods. The photostability of the dyes is environmentally sen-
sitive, and singlet state oxygen molecules play the main role
of photo-bleaching of the fluorescence dye molecules in the
excited state [5-7]. Core-shell type particles are good can-
didates for preventing decomposition because the shell ma-
terials can keep dyes from contact with oxygen molecules.

* Comresponding author. Tel.: +81 22 217 7242; fax: 481 22 217 7293.
E-mail address: yoshio@mickey.che.tohoku.acjp (Y. Kobayashi).

0927-7757/8 - see front muatter © 2004 Elsevier B.V. All rights reserved.

doi:10.101 6/j.colsurfa 2004.04.052

The core-shell types particles show various unique prop-
erties owing to their composite structures. They are applica-
ble to a wide variety of materials such as magnetism [8-12},
electronics [13-16] and optics [17-19]. Liz-Marzan and
co-workers demonstrated silica-coating on CdS nanopar-
ticles inhibited light-induced surface reactions, so that
photostability of CdS was improved [20]. Our group also
reported a protection effect of silica shell using silica-coated
Co nanoparticles, in which the silica-coating prevented Co
nanoparticles from oxidization and provided crystallization
to cubic metal Co phase that showed magnetic properties
[21]. In addition, we employed direct silicacoating on gold
nanoparticles by a seeded polymerization techniques [22].

1n this article, the silica-coating technique is extended
to the fluorescence microspheres. The fluorescence micro-
spheres have been coated with silica shell at different con-
centrations of polyvinylpyrrolidone (PVP), water, ammonia
and tetraethoxysilane (TEOS). The photo-bleaching of the
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fluorescence dyes within the microspheres has been moni-
tored under irradiation of laser in the presence of air.

2. Experimental
2.1, Cheniicals

FluoSpheres® beads (F-8803) commercially available
from Molecular Probes Inc. were used as fluorescent mi-
crospheres. The fluorescent microspheres were composed
of a host matrix of polystyrene and a dopant of flucrescent
dyes. Fig. | shows their fluorescence spectrum and photo-
graph taken by a transmission electron microscope (TEM).
The fluorescent microspheres have a fluorescence peak
at 512nm and an average size of 193nm. The chemicals
of ethanol (99.5%), NH,OH (25% aqueous solution) and
tetraethylorthosilicate (TEQS, 95%) obtained from Wako
Pure Chemicals Ltd., and polyvinylpyrrotidone (PVP, av-
erage molecular weight: 36000) from Nacalai Tesque Ltd.
were used as received. Ultrapure deionized water (resistivity
higher than 18 M£2 cm) was used in the preparations.

2.2, Preparation of materials

Silica-coating of the fluorescent microspheres was car-
ried out with ammonia-catalyzed reaction of TEOS in
ethanol-water solution in a hermetically sealed reactor
equipped with a magnetic stirrer at room temperature.
Ethanol solution of TEOS was added to aqueous PVP solu-
tion under vigorous stirring after addition of the suspension
of the fluorescent microspheres. Hydrolysis reaction of
TEQS was initiated by the addition of the aqueous ammo-
nia solution to form silica shell on the microspheres, which

Fluorescence Intensity (a.u.)

500 550 600 650 700
Wavelength {nm)

Fig. 1. Fluorescence spectrum of FluoSpheres® (F-8811) and their TEM
image shown in the inset. The excitation wavelength was 438 nm.
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Fig. 2. Experimental set-up for measurements of photo-bleaching.

was reacted for 24 h under stirring. Concentrations of PVP,
water, ammonia and TEOS and were in ranges of 0-10g/1,
1.13-17M, 0-1.2 M and 0.00038-0.2 M, respectively.

2 3. Characterization

The silica~coated fluorescent microspheres were ob-
served with a transmission electron microscope (TEM)
(Zeiss LEO 912 OMEGA) operated at 100kV accelerating
voltage. Samples for TEM were prepared by dropping the
suspension of the fluorescent microspheres onto the top of a
collodion-coated copper grid and drying. Fluorescence spec-
tra were measured with a Hitachi F-4500 flucrophotometer,
Fig. 2 shows a set-up for analysis of photo-bleaching. The
silica-coated microspheres in a quartz cuvette were irradi-
ated by an argon ion laser (Coherent, INOVAS0) with an
emission wavelength of 488 nm and a power of 300mW.
Fluorescence at 541 nm was selected using a band pass
filter with a bandwidth of 10nm and detected with an Si
photodiode (Anritsu, MA9411A) connected with an Anritsu
ML9001 optical power meter.

3. Results and discussion
3.1. Effect of PVP concentration

Fig. 3 shows TEM micrographs of silica-coated fiuores-
cent microspheres prepared at various PVP concentrations.
In whole images, many core-free silica particles with sizes
of 50-80nm were observed. According to Kawahashi and
Shiho [23-25], PVP is required for preventing aggregation
of particles. However, no aggregations of the fluorescent mi-
crospheres were observed even without the addition of PVP
(Fig. 3(a)). The fluorescent microspheres used have carboxyl
groups on their surfaces according to a commercial cata-
log of FluoSpheres® beads. These carboxyl groups prob-
ably prevent such aggregation. In Fig. 3(a) and (b), silica
particles with sizes of 45-90nm deposited on the surfaces
of fluorescent microspheres, which indicated that silica did
not have a strong affinity for the fluorescent microsphere
surfaces during growth from silica nuclei to silica nanopar-
ticle. Such deposition decreased with the increase in PVP
concentration. In Fig. 3(c)-(e), the silica shell with a size of
40-45 nm was formed on the surfaces, though the deposited
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e

Fig. 3. TEM images of fluorescence microspheres coated with silica for 10,9 M water, 0.4 M ammonia and 0.02M TEOS at PVP concenirations of (a}

0 g/, (b) 0.01 g1, (c} 0.1/, (d) 1.0g/1 and (e) 10,

silica particles were still observed in Fig. 3(c}. The surfaces
of silica shell were smoother with the increase in PVP con-
centration. In our research, it can be considered that PVP
improved an affinity between the silica nuclei and the fluo-
rescent microsphere surfaces.

3.2, Effect of water concentration

Fig. 4 shows TEM micrographs of silica-coated fluores-
cent microspheres prepared at various water concentrations.

In Fig. 4(a}-(c), homogeneous silica shells were observed
on the surfaces of the fluorescent microspheres and their
thickness increased from 13 to 60nm with the water con-
centration. As Bogush and Zukoski reported [26], an in-
crease In water concentration in TEQS/NHj/water/ethanol
solution dissociates ammonium hydroxide and brings about
an increase in electric conductivity that corresponds to jonic
strength. Since the increase in ionic strength reduces electro-
static repulsion between particles, the growth of silica shells
was probably promoted.

Fig. 4. TEM imapes of fluorescence microspheres coated with silica for 10g/1 PVP, 0.4M ammonia and 0.02 M TEOS at initial water concentrations of

(2) 113 M, (b) 5.0M, (c) 10.9M, (d) 13.0M and (¢) 17M.
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Many core-free silica particles were also observed and
their average sizes increased from 41 to 92nm with the
water concentration. In Fig. 4(d) and (e}, such silica parti-
cles adhered to the fluorescent microsphere surfaces and no
more homogeneous shell was observed, which can not be
explained by the change in ionic strength that was the fac-
tor causing the silica shell growth as shown in Fig. 4(a)-(c).
Because the dielectric constant of water/ethanol mixture in-
creases with water concentration, silanol groups on the silica
particle surface probably tend to ionize with increasing wa-
ter concentration. This might increase affinity of the silica
particles for the dispersant. Therefore, silica nuclei gener-
ated during the early stages of the sol-gel reaction probably
grew as stable core-free silica particles.

3.3, Effect of ammonia concentration

Fig. 5 shows TEM micrographs of silica-coated fluores-
cent microspheres prepared at different amumonia concen-
trations. At an ammonia concentration of O0M (Fig. 5(a)),
no silica shell and no silica particle was observed because
of a shortage of catalyst. At ammonia concentrations of
0.2-0.8M (Fig. 5(b)-(d)), the thickness of silica shell in-
creased from 38 to 43 nm with the increase in ammonia con-
centration. Addition of ammonia increases the ionic strength
of the solution and catalyzes the hydrolysis and condensa-
tion of the alkoxysilanes [27]. Thus, the high ammonia cen-
centration should reduce the double layer repulsion between
the fluorescent microspheres and the silica nuclei. As a re-
sult, the silica shells grew on the microsphere surfaces. At
an ammonia concentration as high as 1.2 M, the flucrescent
microspheres aggregated with the secondary generated silica
particles (Fig. 5(e}). The high ammonia concentration ex-

tensively accelerated the sol-gel reaction of TEOS and then
the core-free silica particles were generated from the silica
nuclei and grew much before the silica nuclei was used for
the silica shell formation.

3.4. Effect of TEOS concentration

Fig. 6 shows TEM micrographs of silica-coated fluores-
cent microspheres formed at various TEOS concentrations.
Some silica particles were observed and their size tended to
increase with the TEOS concentration. The ionic strength
decreases as a sol-gel reaction of TEOS proceeds and then
secondary silica particles are generated [28,29). Since the
high TEOS concentration should increase a source of silica,
the silica shell grew. The silica shell thickness was varied
from 13 to 138 nm as initial TEQS concentration increased
from 0.00038 to 0.2 M. This means the shell thickness can
be controlled within a certain threshold. The thickness of
silica was smaller than those estimated from initial TEQS
concentrations, because of the generation of the core-free
silica particles.

3.5. Photo-bleaching

Fig. 7 shows the time-dependence of the fluorescence
intensity. The fluorescence intensity of the silica-coated flu-
orescent microspheres was lower than that of the uncoated
ones up to 15min. However, the laser-irradiation over
15min reversed the order of the fluorescence intensites.
For making clear a difference between the silica-coated
microspheres and the uncoated ones, the fluorescence in-
tensities were normalized by the value of fluorescence
intensity measured before the laser-irradiation, as shown in

Fig. 5. TEM images of fluorescence microspheres coated with silica for 10g/1 PVP, 10.9M water and 0.02M TEOS at initial ammonia concentrations

of {a) 0M. (b} 0.2 M. (c) 0.4 M, (d) 0.8 M and (e} 1.2M.
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)
-

Fig. 6. TEM images of fluorescence microspheres coated with silica for 10g/1 PVP, 10.9M water and 0.4 M ammonia at initial TEOS concentrations of

(a) 0.00038 M, (b) 0.0015M, {c) 0.009M, (d) 0.02M and (e} 0.2M.

the inset. Time-dependence of the normalized fluorescence
intensity for the silica-coated fluorescent microspheres was
weak compared to that of the uncoated fluorescent micro-
spheres, which is evidence that the silica-coated fluorescent
microspheres were more stable in respect to their lumines-
cence property than the uncoated ones. Singlet state oxygen
melecules decompose dye molecules in their exited stage.
[5-7). This stable fluorescence property is probably related
to the diffusional limitations of oxygen molecules inside of
the fluorescent microspheres through the silica shell. Such
stabilization by the silica-coating will be of importance in
the preparation of stable materials for practical applications.

20 1.0
HE
%1 | Ny Zos
o

Pl 8 el uncoated™.
B ] teas
B 161~ -
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Fig. 7. Fluorescence intensities of silica-coated fluorescent microspheres
and uncoated ones as a function of laser-irradiation time. The silica-coating
was employed at 101 PVP, 10.9M water, 0.4 M ammonia and 0.02M
TEOQS. The inset shows fluorescence intensity normalized by the value
of fluorescence intensity measured before the laser-iradiation.

4. Conclusion

A synthetic method was developed for the stabilization
of fluorescent microspheres. The method was based on the
deposition of a silica shell on the fluorescent microsphere
cores. The silica-coating was performed with a sol-gel re-
action of TEOS in the presence of PVP and the fluores-
cent microspheres. Homogeneous silica shells were formed
on the fluorescent microspheres in the presence of PVP, At
high water and ammonia concentrations, no formation of ho-
mogeneous silica shells could be performed. With increas-
ing TEOS concentration, the silica shell thickness increased.
Concentration effects can probably be explained by differ-
ences in ionic strength of the solution. It was observed that
the silica~coated fluorescent microspheres provided high lu-
minescence stability, compared with uncoated ones. This
property is significant for biomedical application.
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ABSTRACT

Estrogen-related receptor & (ERRa) was identified as a gene related to
estrogen receptor @ (ERa) and belongs to a class of nuclear orphan
receptors. ERRar binds to estrogen responsive element(s} (ERE) and Is
considered to be involved in modulation of estrogenic actions. However,
biological significance of ERRax remains largely unknown. Therefore, we
examined the expression of ERRa in human breast carcinoma tissues
using immunchistochemistry (# = 102) and real-time reverse transerip-
tlon-PCR (n = 30). ERRa immunoreactivity was detected in the nuclel of
carcinoma cells in 55% of breast cancers examined, and relative immu-
noreactivity of ERRa was significantly (P = 0.0041) assoclated with the
mRNA level. Significant associations were detected between ERa and
ERE-containing estrogen-responsive genes, such as pS2 (P < 0.0001) and
EBAGYRCAS] (P = 0.0214), in breast carcinoma tissues. However, no
significant association was detected between ERa and pS2 (P = 0.1415) in
the ERRa-positive cases (# = 56) or between ERa and EBAGYRCASI
(P = 0.3271) in the ERRa-negative group (n = 46). ERRa immunoreac-
tivity was significantly associated with an increased risk of recurrence and
adverse clinical outcome by both uni- (P = 0.0097 and P = 0.0053,
respectively) and multi- (P = 0.0215 and P = 0.0118, respectively) variate
analyses. A similar tendency was alse detected in the group of breast
cancer patients who recelved tamoxifen therapy after surgery. Results
from our study suggest that ERRa pussibly modulates the expression of
ERE-containing estrogen-responsive genes, and ERRa Immunoreactivity
is a potent prognostic factor in human breast carcinoma.

INTRODUCTION

Estrogens are well known to contribute immensely to the develop-
ment of hormone-dependent breast carcinomas (1, 2). Biological
effects of estrogens are mediated through an interaction with estrogen
receptor (ER) a and/or 8 (3). ERs activate transcription of various
target genes (i.e., estrogen responsive genes) in a ligand-dependent
manner by direct DNA interaction through the estrogen-responsive
element(s) (ERE) or by tethering to other transcription factors (4, 5).
Therefore, antiestrogens such as tamoxifen, which blocks ER, have
been mainly used as an endocrine therapy in breast carcinoma for
many years.

Estrogen-related receptor (ERR) family belongs to nuclear hor-
mone receptors, and consists of three closely related members (a, 8,
and v, Refs. 6 and 7). ERRs share significant homology to ER« at the
DNA-binding domain and recognize the ERE (8-10), which indicates
that ERRs modulate the actions of ERs (11-13). However, ERRs are
not activated by known natural estrogens and are therefore classified
as orphan receptors (14). ERRs can also bind to stercidgenic factor }
(SF1)-binding element within the promoter regions of varicus steroi-
dogenic P450 genes including aromatase (5, 16).

Previous in vitro studies have demonstrated the mRNA expression
of ERRa in breast cancer cell lines (17) and breast carcinoma tissues
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(18). ERRa activated the expression of pS2, one of the estrogen
responsive genes (17), in breast cancer cells, and it has also been
reported that ERRa regulated aromatase expression in breast fibro-
blasts (11). However, a detailed examination of ERRa expression,
including at the protein level, has not been examined in human breast
carcinoma tissues, and the biological significance of ERRa remains
largely unclear. Therefore, in this study, we examined the immuno-
localization of ERRa in 102 cases of human breast carcinoma tissues
and correlated these findings with various clinicopathological factors
including the clinical outcome. In addition, we also examined mRNA
expression of ERRa in 30 cases of breast carcinoma tissues using
real-time reverse transcription-PCR and analyzed the correlation with
the ERRa immunoreactivity or aromatase mRNA expression.

MATERIALS AND METHODS

Patients and Tissues. One hundred and two specimens of invasive ductal
carcinoma of the breast were obtained from female patients who underwent’
mastectorny from 1985 to 1990 in the Department of Surgery, Tohoku Uni-
versity Hospital, Sendai, Japan. Breast tissuc specimena were obtained from
patients with a mean age of 53.6 ycars (range 27-82). Nonc of the paticnts
examined used oral contraceptives. The patients did not receive chemotherapy
or irmdiation before surgery. Eighty-cight patients received adjuvant chemo-
therapy, and ten patients received tamoxifen therapy after the surgery. The
mean follow-up time was 106 months (range 4—157 months). The histological
grade of each specimen was cvaluated based on the methed of Elston and Ellis
(19). All specimens were fixed with 10% formalin and embedded in paraffin
wax.

Thirty specimens of invasive ductal carcinoma were obtained from pstients
who underwent mastectomy in 2000 in the Departments of Surgery at Tohoku
University Hospital and Tohoku Kosai Hospital, Sendai, Japan. Specimens of
adipose tissue adjacent to the carcinoma and non-neoplastic breast tissucs were
available for ¢xamination in 7 and 5 of thesc 30 cases, respectively. Specimens
for RNA isolation were snap-frozen and stored at —80°C, and those for
immunohistochemistry were fixed with 10% formalin and embedded in par-
affin-wax. Informed consent was obtained from all patients before their sur-
gery and examination of specimens used in this study.

Rescarch protocols for this study were approved by the Ethics Committes at
both Tohoku University School of Medicine and Tohoku Kosai Hospital.

Antibodies. Mouse monoclonal antibody for ERRa (2ZHS844H) was pur-
chased from Perscus Protcomics Inc. (Tokyo, Japan). This antibody was
produced by immunizing mice with a systemic peptide corresponding lo amino
acids 98—171 of ERRa (GenBank accession number; X51416), end the char-
acterization was confirmed by immunoblotting analyscs.* Rabbit polyclonal
antibody for estrogen sulfotransferase (EST; SULT JE1 gene; PV-P2237; Ref,
20) was purchased from Medicat Biological Laboratory (Nagoys, Japan).
EBAGY9/RCAS] antibody was a rabbit polyclonal antibody (21, 22) and was
kindly provided from Dr. S. Incue (Department of Biochemistry, Saitama
Medical School, Saitama, Japan). Monoclonal antibodies for ERar (ER1DS),
progesteronc receptor (PR; MAB429), Ki-67 (MIB1), pS2 (M7184), eyclin D1
(P2D11F11), and c-mye (1-6E10) were purchased from Immunotech (Mar-
seille, France), Chemicon (Temecula, CA), DAKO (Carpinteria, CA), DAKO,
Novocastra Laboratories (Newcastle, United Kingdom), and Cambridge Re-
scarch Biochemical (Cambridge, United Kingdom), respectively, Rabbit poly-
clonal antibodies for ER (06-629) and human epidermal growth factor

4 Perscus Proteomics Inc,, unpublished data.
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receptor 2 (HER2; A0485) were obtained from Upstate Biotechnology (Lake
Placid, NY) and DAKO, respectively.

1 histochemistry. A Histofine kit (Nichirei, Tokye, Japan), which
uses the streptavidin-biotin amplification method, was used for the identifica-
tion of ERRa, ERa, PR, EST, HERZ, Ki-67, pS2, EBAG9/RCASI, eyclin D1,
and ¢-myc immunoreactivity, whereas EnVision™ (DAKO) was used for ER3
immunohistochemical analysis. Antigen rctricval for ERRe, ERa, ERS, PR,
HER2, Ki-67, EBAGY/RCAS], and cyclin D] 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)], and similarly,
sntigen retrieval for EST and pS2 immunostaining was done by heating the
slides in a microwave oven for 15 min in a citric acid buffer. Dilutions of
primary antibodics used in this study were as follows: ERRe, 1:1000; ERa,
1:50; ERB, 1:50; PR, 1:30; EST, 1:9000; HER?2, 1:200, Ki-67, 1:50; pS2, 1:30;
EBAGY9/RCASI, 1:20; cyclin DI, 1:40; and ¢-myc 1:600. The antigen-anti-
body complex was visualized with 3,3'-diaminobenzidine solution {1 mMm
3,3’-diaminobenzidine, 50 mM Tris-HCI buffer (pH 7.6), and 0.006% H,0,)
and counterstained with hematoxylin.

Humsan tissues of hearl were used as positive controls for ERR« immuno-
histochemistry (23). As a negative control for ERRe immunchistochemistry,
normal mouse IgG was used instead of the primary antibody for ERRe, and no
specific immunoresactivity was detected in these sections.

Real-Time Reverse Transcription-PCR. Total RNA was carcfully ex-
tracted with guanidinium thiccyanate followed by ultracentrifugation in ce-
sium chloride. A reverse transcription kit (SUPERSCRIPT II Preamplification
system; Life Technologies, Inc., Grand Island, NY) was vsed in the synthesis
of cDNA.

The Light Cycler System (Roche Diagnositics GmbH, Mannheim, Ger-
many) was used to semi-quantify the mRNA level of ERRa, aromatase, and
ribosomal protein L 13a (RPL13A) by real-time reverse transcription-PCR
(24). Scttings for the PCR thermal profile were as follos: initial denaturation at
95°C for 1 min followed by 40 amplification cycles of 95°C for 1 s, annealing
at 62°C (ERRa), 60°C (aromatasc), or 68°C (RPL13A) for 15 s, and elonga-
tion at 72°C for 15 s. The primer sequences used in this study are as follows:
ERR« [X51416; forward $'-TGCTCAAGGAGGGAGTGC-3' (¢DNA posi-
tion, 785-802) and reverse 5'-GGCGACAATTTCTGGTTCGGGTCAG-
GCATGGCATAG-3' (¢DNA position; 981-998)}, aromatase [(X13589; Ref.
20; forward 5"-GTGAAAAAGGGGACAAACAT-3' (¢DNA position; 1286~
1305) and reverse 5'-TGGAATCGTCTCAGAAGTGT-3" (cDNA position;
1481-1500)), and RPLI3A [(NMO22423; 25; forward 5'-CCTGGAG-
GAGAAGAGGAAAGAGA-3' (cDNA position; 487-509) and reverse 5'-
TTGAGGACCTCTGTGTATTTGTCAA-3' (¢DNA position; 583-612)). Ol-
igonucleotide primers for ERRa were designed in different exons to avoid the
amplification of genomic DNA or human ERRa pscudo-gene (U85258). To
verify smplification of the correct sequences, PCR products were purified and
subjected to direct sequencing. Human heart tissuc was used as a positive
control for ERRa, whereas human placental tissue was used as a positive
control for aromatase. Negative control experiments lacked cDNA substrate to
check for the possibility of exogenous contaminant DNA, and no amplified
products were detected under these conditions. mRNA Jevel for ERRa and
aromatase in cach case has been summarized as a ratio of RPL13A and
subscquently evaluated as a ratio (%) compared with that of the positive
controls.

Scoring of Immunoreactivity and Statistical Analysis. ERRa, ERq,
ERp, PR, and Ki-67 immunoreactivity was scored in >>1000 carcinoma cells
for each case, and the percentage of immunoreactivity, Le., labeling index (L),
was determined. In this study, cascs that were found to have ERRa LI of
>10% were considercd ERRa-positive breast carcinomas, according to a
report for ERa and PR by Allred et al (26). Immunoreactivity of EST was
classified into the following three categories: ++, >50% positive cells; +,
1-50% positive cells; and ~, no immunoreactivity, according to a previous
report (20).

Values for LIs for ERRa, ERa, ERS, PR, Ki-67, ERRa mRNA level,
patient age, and tumor size were summarized as a mean * 95% confidence
interval. The association between immunoreactivity for ERRa status and these
parameters wers cvaluated using a one-way ANOV A and Bonferroni test. The
association between ERRa and PR Lls, and the association between ERRa
mRNA and ERRa LI or aromatase mRNA were performed using a corrclation
coefficient () and regression equation. Statisticel difference between ERRea

status and menopausal status, stage, lymph node status, histological grade,
ERa status, EST, or HER2 status was cvaluated in a cross-table using the 3?
test. Overall and discase-free survival curves were generated according to the
Kaplan-Meier method, and the statistical significance was calculated using the
log-rank test. Univariate and multivariate analyses were evaluated by Cox
proportional hazards model using PROC PHREG in our SAS software. Dif-
ferences with Ps << 0.05 were considercd significant.

RESULTS

Immunochistochemistry for ERRe in Breast Carcinoma Tis-
sues. Immunoreactivity for ERRa was detected in the nuclei of
invasive ductal carcinoma cells (Fig. 14). A mean value of ERRa LI
in the 102 breast carcinoma tissues examined was 23.0% (range
0-75%), and a number of ERRa-positive breast carcinomas (i.e.,
ERRe LI = 10%) was 56 of 102 cases (54.9%). ERRa immunoreac~
tivity was focally detected in epithelial cells of morphologically
normal glands (Fig. 15), whereas the stroma or adipose tissue was
immunohistochemically negative for ERRa. A mean value of ERRa
LI in non-neoplastic mammary epithelia was 14.6% (range 0-33%),
and the number of cases showing higher ERRa LI in carcinoma cells
than that in non-necplastic mammary epithelia was 49 of 102 (48.0%).
In positive control sections for ERRa immunohistochemistry, ERRa
immunoreactivity was markedly detected in the nuclei of myocardial
cells of the heart (Fig. 1C).

Associations between ERRa immunoreactivity and clinicopatho-
logical parameters in 102 breast carcinomas are summarized in Table
1. ERRa immunoreactivity tended to be positively associated with
ERa status and ER« LI and negatively associated with EST; however
the correlation did not reach a statistical significance (P = 0.0848,
P = 0.1485, and P = 0.1224, respectively). No significant association
was detected between ERRa immunoreactivity and the other clinico-
pathological parameters examined, including patient age, menopausal
status, stage, tumor size, lymph node status, histological grade, ERB
LI, PR LI, HERZ2 status, and Ki-67 LI, in this study.

Influence of ERRa Status on the Association between ERa and
Estrogen Responsive Genes. pS2, EBAGS/RCASI, PR, cyclin D1,
and ¢-myc are all well recognized as estrogen-responsive genes in
human breast cancers. As shown in Table 2, a significant positive
association was detected between ERa LI and the status of these
immunoreactivity genes except for c-myc in the 102 breast cancer
tissues examined (P < 0.0001 for pS2, P = 0.0214 for EBAGY/
RCASI1, P < 0.0001 for PR LI, P = 0.0002 for cyclin D1, and
P = 09372 for c-myc), which agrees well with previous immunohis-
tochemical studies (22, 27-30). However, when the breast cancers
were classified into two groups according to ERRa status, no signif-
icant association was detected between ERa LI and pS2 in the group
of ERRa-positive breast carcinomas (P = 0.1415; n = 56) or between
ERea LI and EBAG9/RCASI] in ERRa-negative breast cancers
(P = 0.8271; n = 46). On the other hand, significant association was
detected between ERa LI and PR LI (P < 0.0001 in ERRa-positive
cases; P < 0,0001 in ERRa-negative cases) or cyclin D1 (P = 0.0126
in ERRa-positive cases; P = 0.0082 in ERRa-negative cases), re-
gardless of the ERRa status in the breast cancer cases examined.

No significant association was detected between ERRa LI and
these estrogen-responsive genes regardless of ERa status in 102
breast carcinoma tissues (Table 3).

Correlation between ERRa Immunoreactivity and the Clinical
Outcome of the Patients. ERRa immunoreactivity was significantly
associated with an increased risk of recurrence (P = 0.0071, log-rank
test; Fig. 24). After univanate analysis by Cox proportional hazards
model (Table 4), lymph node status (P < 0.0001), tumor size
(P < 0.0001), EST (P = 0.0035), and ERRa immunoreactivity
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Fig. 1. Immunohistochemistty for ERRe in invasive ductal carcinoma. 4, ERRa
immunoreactivity was detected in the nuclei of mvasive ductal carcinoma cells. ERR,
estrogen-related receptor a. B, in morphologically normal mammary glands, immunore-
activity for ERRa was weakly detected in the nuclei of epithelial cells. C, in the positive
control for ERRer immunchistochemistry, ERR.a immunoreactivity was detected in the
nucleus of myocardial cells in the heart, Bar = 50 pm, respectively.

Table 1 Association between ERRo immunoreactivity and clinicopathological
parameters in 102 breast carcinomas

ERRe immunoreactivity

+ (1 = 56) —(n=46) P
Age (yrs)? 543*16 52818 052N
Menopausal status

Premenopausal 27(26.5%) 20(19.7%)

Postmenopausal 29(26.4%4) 26 (25.5%) 0.6329
Stage

I 14¢13.7%) 15(14.7%)

i | 35(34.3%) 26(25.5%)

i 7(6.9%) 5(4.9%) 0.6852
Tumor size (mm)* 25618 248+ 18 0.7443
Lymph node status

Positive 27 (26.5%) 19(18.7%)

Negative 29 (28.4%) 27(26.5%) 0.4849
Histological grade :

1 14(13.7%) 13(12.7%)

2 22(21.6%) 14(13.7%)

3 20 (19.7%) 19(18.6%) 06462
ERa status

Positive 45(44.1%) 30 (29.4%)

Negative 11 (10.8%) 16(15.7%) 0.0848
ERa LI* 475+ 45 38152 01485
ERBLI® 153+ 24 146+ 27 0.8493
PRLI® 456+ 438 407 = 51 0.4804
EST

- 35(34.3%) 24(23.5%)

+ 10(9.8%) 15 (14.7%)

++ 11 (10.8%) 7{6.9%) 01224
HER2 status

Positive 20(19.6%) 15(14.7%)

Negative 36(35.3%) 31 (30.4%) 0.7421
Ki-67 LI* 247 + 20 274+ 27 0.4045

*ERRa, estropen-related receplor a; ERa, estrogen receptor o, LI, labeling index;
EST estrogen sulfotmnsferase; HER2, human epidermal growth receptor 2.
® Data are presented as mean * 95% confidenct interval. All other vatues represent the
mmber of cases and percentage.

(P = 0.0097) were demonstrated as significant prognostic parameters
for disease-free survival in 102 breast carcinoma patients. A multiva-
riate analysis (Teble 4), however, revealed that only lymph node
status (P = 0.0015) and ERRea immunoreactivity (P = 0.0215) were
independent-prognostic factors with relative risks over 1.0, whereas
tumor size and EST were not significant.

Overall survival curve was demonstrated in Fig. 2B, and a signif-
icant correlation was detected between ERRa immunoreactivity and
adverse clinical outcome of the patients (P = 0.0018, log-rank test).
Using a univariate analysis (Table 5), lymph node status
(P < 0.0001), wmor size (P = 0.0002), ERRa immunoreactivity
(P = 0.0053), EST (P = 0.0065), HER2 status (P = 0.0175), adjuvant
chemotherapy (P = 0.0233), and histological grade (P = 0.0310)
tumed out to be significant prognostic factors for overall survival in
this study. Multivariate analysis revealed that lymph node status
(P = 0.0085), ERRa immunoreactivity (P = 0.0118), and EST
(P = 0.0382) were independent-prognostic factors with a relative risk
over 1.0; however other factors were not significant in this study
{Table 5).

Ten patients received tamoxifen therapy after surgery, and these
cases were ERa-positive breast cancers. The discase-free and overall
survival curves in these patients were summarized in Fig. 2, C and D.
ERRa immunorcactivity was also markedly associated with an in-
creased risk of recurrence and worse prognosis in the group of breast
cancer patients who received tamoxifen therapy, although Ps were not
available because no patient had a recurrence or died in the group of
ERRa-negative breast cancers. Association between ERRa immuno-
reactivity and clinical outcome of the patients was not significantly
changed regardless of the status of adjuvant chemotherapy after
surgery in this study (data not shown).
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Table 2 Correlation between ERo” and estrogen responsive gene immunoreoctivities associated with ERRa status in ]02 breast carcinomas

Total (n = 102}

ERRu positive (1 = 56)

ERR« negative (n = 46)

ERa LI P ERa LI P ERa LI P

p52

Positive 54.7x4.0 543 %55 538 +65

Negative 288%51 <0.0001 385272 0.1415 148 63 «<0.0001
EBAGY/RCAS]

Positive 467 4.4 51.6%59 408 6.7

Negative 279273 0.0214 174+ 6.1 0.0093 450 = 164 0.8271
PR LI <0.000% <0.0001 <.0001

{r = 0550} (r = 0.5t5) {r=0£75)

Cyclin D1 N

Positive 573%45 596+ 60 545+70

Negative 22%44 0.0002 372> 60 0.0126 26565 0.0082
c-mye

Positive 437%53 479638 374 £33

Negative 442* 45 09372 484+ 6.1 0.9583 39867 0.8321

Ps < 0.05 were considered significant, and described as boldface.

“ERa, estrogen receptor a; ERRa, estrogen-related receptor o; PR, progesterone receptor; LI, labeling index.

ERRa mRNA Expression in the Breast Carcinoma Tissues.
mRNA expression for ERRe, aromatase, and RPLI3A was detected
as a specific single band (214, 215, and 126 bp, respectively) and was
semi-quantified by real-time reverse transcription-PCR. Expression of
ERRa mRNA was detected markedly in the breast carcinoma tissues
(657 = 9.0%) but was low in non-neoplastic breast tissues
(254 £ 6.0%, P = 0.0448 versus carcinoma tissues) or adipose
tissues adjacent to the carcinoma (12.6 x 7.3%, P = 0.0174 versus
carcinoma tissues; Fig. 34). ERRa mRNA expression was closely
correlated with the ERRa immunoreactivity evaluated as ERRa LI
(P = 0.0041, r = 0.509) in 30 breast carcinoma tissues examined
(Fig. 3B). However, mRNA cxpression of ERRa was not significantly
associated with that of aromatase (P = 0.6441, r = -0.088) in this
study (Fig. 3C).

DISCUSSION

In this study, ERRa immunoreactivity was detected in the nuclei of
carcinoma cells in 55% of breast cancer tissues and was significantly
associated with its mRNA level. ERRa mRNA expression was dem-
onstrated previously in various human breast cancer cell lines, breast
carcinoma tissues, and normal mammary epithelial cells (17, 18), and
our present findings were in good agreement with these previous
reports. Results in our present study also demonstrated that ERRa
immunoreactivity tended to be positively or inversely associated with
ERa or EST, respectively. The possible correlation between ERRa
and ERa expression remains controversial. Ariazi ef al. (18) reported
that increased ERRa mRNA levels were associated with ER-negative
and PR-negative tumor status in 38 breast cancer tissues and sug-

gested a possible unfavorable marker in the breast cancers. However,
Liu et al. (31) demonstrated that estrogens stimulate the expression of
ERRe in the human breast cell lines, and suggested that ERRa is a
downstream target of ER«. On the other hand, EST catalyzes estro-
gens to biologically inactjve estrogen sulfates (32, 33) and is consid-
ered to diminish estrogen actions in the breast cancers (20). Therefore,
our present results suggest that expression of ERRw is, at least in a
part, associated with estrogenic actions.

In our present study, significant associations were detected between
ERa and estrogen responsive genes such as pS2, EBAGY/RCAS]I,
PR, and cyclin D1, as was reported previously (22, 27-29). However,
the significant association between ERa and pS2 or EBAG9/RCASI
disappeared in the group of ERRa-positive or -negative breast can-
cers, respectively. On the other hand, correlation between ERar and
PR, cyclin D1, or c-myc was not influenced by ERRa status in these
breast cancer patients examined. Both pS2 and EBAG%/RCAS! genes
are induced by ERa through an ERE in the promoter region (34, 35).
However, functional ERE has not been identified in PR (36) and
cyclin D1 (5), and these are considered to be induced by ER through
the interaction between ER and other DNA-binding transcription
factors. Considering that ER« and ERR & directly compete for binding
EREs (13), our present data suggest that ERRa mainly modulates
ERa-mediated ERE-dependent transcription and changes the expres-
sion pattern of estrogen-responsive genes in the breast cancer cells.

ERRa immunoreactivity was significantly associated with an in-
creased risk of recurrence or adverse clinical outcome of the patients,
and results of multivariate analyses demonstrated that ERRa immu-
noreactivity is an independent-prognostic factor, Estrogens induce

Table 3 Correlation between ERR«™ and estrogen responsive gene immunoreactivities associated with ERa status in 102 breast carcinomas

Total {n = 103)

ERa positive (n = 75) ER« negative (n = 27)

ERRa LI P ERRe L1 P ERRa LI I3

pS2

Pasitive 235+27 23029 217286

Negative 224+ 34 0.7981 277+ 45 03777 163+ 48 0.2776
EBAGS/RCAS)

Positive 25*26 242*30 185+ 49

Negative 236 =58 0.8834 28x638 07542 290+ 113 0.5341
PR LI 0.5072 0.9069 09671

(r = 0.066) (r = 0.014) (r = 0.008)

Cyclin D1

Positive 247%34 M8+ 36 233> 110

Negative 218 %28 05134 242*34 0.9058 18147 0.5770
c.myc

Positive 250x33 25837 22511

Nepative 20x128 0.4943 237x34 0.6648 178+ 53 0.6100

“ERRa, estrogen-related receptor a LI, labeling index; ERw, estrogen receptor o PR, progesterone receptor.
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Fig. 2. 4 and B discase-free (4) and overal] (B) swvival of 102 patients with breast carcinoma sccording to ERRa immunoresctivity (Kaplan-Meier method). ERRa
Immunoreactivity was significantly associated with an increased risk of recurrence (P = 0.0071, log-rank test; 4, and worse proghotis (P = 0.0018, kog-rank test). C and D, disease-free
(C) and overull (D) survival of 10 patients received tamoxifen therapy after surgery according to ERRa immunoreactivity (Keplan-Meier method). ERRe immunoreactivity was slso
associated with en increased nisk of recurrence (C) and worse prognosis (D) in the group of patients who received tamoxifen therapy. Ps were not calculated, because no patient had
8 recurrence of died in the group of ERRa-negative breast cancer patients. ERR, estrogen-related receptor o,

Table 4 Univariate and multivariate analyses of disease-free survival in 102 breast
cancer patients examined

P
Relative risk
Variable Univariate Multivariate (95% CI%)

Lymph node status (pN,-pNoY  <0.0001° ¢.0015 2.593 (1.4414.666)
Tumor size (75-7 mm)® <0.0001° 0.3306

EST (~/+, ++) 0.0038° 0.0613

ERRa immunoreactivity 0.0097 00218 1.953 (1.116-3.149)

(positive/negative)

c-mye (positivemegative) 0.0581

Adjuvant chemotherapy (nofyes) 0.1305

Ki57 LI (=10/<10) 0.1795

HER2 status (positive/negative) 02713

Histological grade (3/1, 2) 02911

ERa status (positive/negative) 0.4363

®Cl, confidence interval, EST, estrogen sulfotransferase; ERRa, estrogen-related
receptor o, HER2, human spidermal growth factor receptor 2, LI, labeling index; ERa,
estrogen receplor o.

* Data were cvaluated as continuous variables in the uni- and multivariate analyses. All
other data were evaluated as dichotomized variables.

¢ Data were considered significant in the univariate analyses, and were examined in the
multivariate analyses.

various estrogen responsive genes in breast cancer cells, and these
genes include not only activators of cell growth such as cyclin D1 (37)
or ¢-myc (38) but also relatively good prognostic markers such as pS2
(29) or PR (39). ERRs display significant constitutive transcriptional
activity (7, 9, 40). Therefore, poor clinical outcome in ERRa-positive
breast cancer patients may be partly caused by constitutive modula-

tion of the expression of estrogen-responsive genes, although we
could not directly demonstrate such hypothesis from our present data,
because of the lack of mechanistic examinations and the relatively
limited number of cases examined in this study. Additiona! examina-
tions are required to clarify the detailed mechanism of ERRa actior in
the breast cancer tissues,

Table 5 Univariate and multivariate analyses of overall survival in 102 breast cancer
patients examined

F
Relative risk
Varisble Univariate Multivariate (95% C17)
Lymph node status (pN,.pN,)®  <0.0001° 0.0085 2.414(1.252-4.653)
Tumor size (75-7 mm 0.0002° 0.2675
ERRa immunoreactivity 0.0053° 0.0118 5.076 (1.217-21.173)
(positive/negative)
EST (—/4+, ++) 0.0065° 0.0352 4.101 (1.027-19.705)
HER2 status (positive/negative) 0.0175° 0.4669
Adjuvant chemotherapy {nofyes) 0.0233° 00635
Histological grade {3/1, 2) 0.0310° 0.1458
Ki-67 LI (=10/<10) 0.1818
e-mye (positive/negative) 0.2697
ERa status (positive/negative) 0.7646

?Cl, confidence interval, ERRa, estrogen-related receptor o; EST, estrogen sulfo-
transferase, HER2, human epidermal growth factor receptor 2; LI, labeling index; ERq,
estrogen receptor o

# Data were evaluated as continuous varisbles in the uni- and multivariate snalyses. All
other data were evaluated as dichotomized variables.

° Data were considered significant in the univariate analyses, and were examined in the
multivariate analyses,
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Fig. 3. Real-time reverse trenscription-PCR for ERRa in the breast carcinoma. 4,
expression of ERRa mRNA was significantly higher in the breast carcinomas tissues
(65.7 = 9.0%, n = 30) than in non-neoplastic breast tissues {25.4 * 6.0% (n = 5),
P = 0.0448 versus carcinoma tissues] or adipose tissues adjacent to the carcinoma
[126 = 73% (n = 7), P = 0.0174 versus carcinoms tissues]. Data represent the
mean * 95% confidence interval The mRNA level of ERRe in each specimen was
evaluated 23 a ratio (%) of the positive control tissue (human heart tissue = 100%). B,
association between the mRNA level and relative fmmunoreactivity (labeling index) of
ERRea in 30 cases of breast carcinoma tissues. Significant positive associstion was
detected (P = 0.0041, r = 0.509). C, association between ERRa and aromatase mRNA
levels in 30 breast carcinoma tissues. No significant correlation was detected (P = 0.644],
r= —0.083). A mRNA expression in each case was evalusted as a ratio (%) of
that in the human placental tissue. ERR, estrogen-related receptor «.

ERRa immunoreactivity was also associated with poor prognosis in
the group of breast cancer patients who received tamoxifen therapy,
which suggests that ERRe status is a possible predictive marker for
tamoxifen therapy, although the number of cases examined was lim-
ited in this study. Previous in vifro studies demonstrated that both
tamoxifen and 4-hydroxytamoxifen did not bind to ERR« or did not
have any effects on the transcriptional activity of ERRa, whereas
these are high-affinity ligands for ERR or ERRy (41, 42). Therefore,

ERRa may constitutively function independently of tamoxifen and
result in tamoxifen resistance in ERRa-positive breast cancer patients.

Aromatase is a key enzyme in in situ estrogen biosynthesis in breast
cancer tissue, and aromatase inhibitors are currently used in breast
cancer patients as an endocrine therapy as well as antiestrogens.
Aromatase is markedly activated by SF1 through an SFl-binding
element within the promoter region (43). However, SF1 is not ex-
pressed in breast carcinoma tissues (11, 44). Previously, Yang ef al.
(11) reported the induction of aromatase expression by ERRa through
a SF1-binding element in breast fibroblast, suggesting the possible
importance of ERR« as a regulator of aromatase expression in breast
cancer. However, in our study, we did not find ERRa immunoreac-
tivity in the intra-tumoral stromal cells or adipocytes adjacent to the
carcinoma, although these cells are well-known to express aromatase
(435). Previous i vifro studies have shown the regulation of aromatase
transcription in breast fibroblasts and/or adipocytes by various factors,
including cytokines (46), prostaglandin E, (47), liver receptor homo-
logue-1 (44) and CCAAT/enhancer-binding protein 8 (48).

In summary, ERRa immunoreactivity was detected in carcinoma
cells in 55% of breast cancer tissues and was associated with its
mRNA level. Association between ERa and ERE-containing estro-
gen-responsive genes was markedly altered according to ERR« status
in the breast cancer tissues. ERRe immunoreactivity was associated
with poor prognosis of the patients, and similar tendency was also
detected in the group who received tamoxifen therapy. These findings
suggest that ERRa possibly modulates the expression of ERE-con-
taining estrogen respensive genes, and ERRa immunoreactivity is a
potent prognostic factor, including a possible predictive marker for
tamoxifen resistance, in human breast carcinoma.
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