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—Abstract—

Background: It has been reported that estrogen receptor beta (ERB) mRNA expression was
down-regulated during carcinogenesis and was inversely related to estrogen receptor alpha
(ERa) expression in breast cancer. The association of ERB mRNA expression to tamoxifen
resistance has also been reported. In this study, the expression of ERa and ERB via
immunohistochemistry (IHC) and reverse transcription—polymerase chain reaction (RT-PCR)
was prompted, and an attempt was made to find out the relationship between ERB expression
and recurrence in the hormonal therapy group, and between ERP expression and known
prognostic factors.

Methods: Tumor specimens were obtained at surgery from 67 female breast cancer patients
during the period of September 1995 to December 2000. All the specimens were frozen in
liquid nitrogen and kept at -70C until they were used. The medical records were analyzed
retrospectively. The expressions of ER were analyzed using IHC and RT-PCR methods.
Results: The median follow—up was at 93.0 months (range: 14-157 months). The percentage
of ERa+/ERB+, ERa+/ERB-, ERa—~/ERB+, and ERa—~/ERB group were 35.9% 9.4%, 47.2%, and
75%, respectively, in 53 patients with hormonal therapy. ERB was positive in 42 (82.3%) of

51 ER-positive patients. In the hormonal therapy group, the recurrence rates of each group
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was 15.8%, 0%, 40.0%, and 0%, respectively. In this group, the ERB expression tended to

recur, but there was no clinical significance (p=0.084).

Conclusion: The ERB expression may be a predictive marker of a poor response to

endocrine therapy in breast cancer patients, although this needs to be confirmed in additional

studies.

Key Words: Breast neoplasms, Endocrine therapy, Estrogen receptor B
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Table 1. Primers used in polymerase chain reactions

Sequence (5-3)

GADPH Sense ACCCACTCCTCCACCTTTG

Antisense  CTCTTGTGCTCTTGCTGGG

Condition 95T 30 sec, 60C 30sec, 72T 30 sec, 25 cycles
ERa Sense CAGGGGTGAAGTGGGGTCTGCTG

Antisense  ATGCGGAACCGAGATGATGTAGC

Condition 95T 30 sec, 60C 30 sec, 72C 30 sec, 30 cycles
ERB Sense TGTTACGAAGTGGGAATGTGA

Antisense  TCTTGGTTCTGGACAGGGAGT

Condition 95T 30 sec, 60C 30 sec, 72C 30 sec, 30 cycles

ERa: estrogen receptor (ER) alpha, ERB: ER beta.



Table 2. Characteristics of the patients

Characteristics No of patients (%)
Age (years)
<50 46 (68.7)
>50 21 (31.3)
Operation
BCS 15 (22.4)
Mastectomy 52 (776)
Tumor size (cm)
<2 23 (34.3)
21-5 38 (56.7)
>5 6 (9.0)
Node status
N- 28 (41.8)
N+ 39 (582)
Stage
I 15 (22.4)
il 31 (46.3)
il 20 (29.8)
I\ 115
Histologic grade
1 10 (15.9)
2 15 (23.8)
3 38 (60.3)
Chemotherapy
No 9 (134)
Yes 58 (86.6)

BCS: breast conserving surgery.
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Table 3. Relationship between immunohistochemical stain and RT-PCR for estrogen receptor
g IHC o
RT-PCR FR* 00 FR- 00 Total (%)
ERa+/ERB+ 20 (39.2) 5 (31.3) 25 (37.3)
ERa+/ERB- 5 (9.8) 3 (188) 8 (11.9)
ERa-/ERB+ 22 (43.1) 7 (438) 29 (433)
ERa-/ERB- 4 (78) 163 5 (75
Total 51 (100) 6 (100) 67 (100)

ERa: estrogen receptor (ER) alpha, ERB: ER beta, THC:
polymerase chain reaction.
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Fig. 1. Representative agarose gel showing RT-PCR products for ERa and ER.
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Table 4. Relationship between ER{ expression and clinicopathologic factors

Characteristics ERB negative (%) ERB positive (%) p value

Age (years) 0.620
<50 9 (69.2) 37 (685)
>50 4 (30.8) 17 (31.5)

Operation 0.419
BCS 4 (30.8) 11 (20.4)
Mastectomy 9 (69.2) 43 (79.6)

Tumor size (cm) 0451
<2 5 (385) 18 (33.3)
2.1-5 8 (61.5) 30 (55.6)
>5 0 6 (11.1)

Node status 0.025
N- 9 (69.2) 19 (35.2)
N+ 4 (30.8) 35 (64.8)

Histologic grade 0.721
1 3 (23.1) 7 (14.0)
2 3 (23.1) 12 (24.0)
3 7 (538) 31 (62.0)

LVI 0.005
Negative 10 (76.9) 17 (34.0)
Positive 3 (231 33 (66.0)

ERa 0.324
Negative 5 (385) 29 (53.7)
Positive 8 (61.5) 25 (46.3)

PR 0.317
Negative 6 (46.2) 17 (31.5)
Positive 7 (53.) 37 (68.5)

C-erbB2 0.168
Negative 10 (76.9) 49 (90.7)
Positive 3 (231 5(93)

Chemotherapy 0.256
No 3 (23.1) 6 (11.1)
Yes 10 (76.9) 48 (83.9)

Recurrence 0.204
No 11 (84.6) 36 (66.7)
Yes 2 (154) 18 (33.3)

BCS: breast conserving surgery, ERa: estrogen receptor (ER) alpha, ERB: ER beta, LVI: lymphovascular

invasion, PR: progesterone receptor.
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Table 5. Univariate analysis of relapse free survival and overall survival by prognostic factors

for patients with breast cancer

Characteristics 5 year RFS (%) p value b-year OS (%) p value
Age <50 59.7 0.013 63.6 0.110
>50 89.7 857
Tumor size (cm) <2 776 <0.001 81.4 <0.001
2.1-5 2.7 73.0
>5 0 333
Lymph node status negative 89.3 0.004 81.7 0.006
positive 5.3 574
Stage I 86.7 <0.001 92.8 <0.001
o 83.0 786
m 36.7 60.0
Histologic grade I 30.0 0.287 100 0.116
o 86.6 36.6
m 64.2 789
ERa expression negative 60.7 0.142 6.5 0.251
positive 779 34.8
ERB expression negative 4.6 0.267 4.6 0.691
positive 65.7 79.6
PR expression negative 60.8 0.219 82.6 0.505
positive 735 79.5
C-erbB2 over—expression negative 705 0.523 83.0 0.470
positive 60.0 62.5
Chemotherapy No 100 0.047 100 0.054
Yes 64.2 776

ERa: estrogen receptor (ER) alpha, ERB: ER beta, LVI: lymphovascular invasion, PR: progesterone receptor,

RFs: relapse free survival, OS: overall survival.
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Fig. 2. Kaplan-Meier curves for ERB expression
in breast cancer patients treated with tamoxifen.
There was no significant different in relapse free
survival (log-rank test, p=0.084).

fHtel A ERazl 49 A9 248
o Hlg] 433 IS HAFE Hog U
A JARE ook ] HlwF o] W
ERB 7%l thaire of7 ¢xs
erokth ERBY gt etel A<
]_

;O

R 5
oX 4o rY, o
oL o PN
R a oy
2 1>
G X gy Mo
\ i
BT 3
Lo
e
ox £
o ks
% o
(ﬁ %
O:
e o §

o
(g H
.
O,
i
r U
o
o
B>
)
2
eyl
=
N

oz

g (T3

o fo

£ a0 yE oo
A=)
S o

Estrogen Reeptor B and Breast Cancer Recurrence

Wdo] B3l 459 2= 40| b
I ok 2o Wi ERB wEy o]

% %] A7), 2ATH 3%
gi;q u]- 10,12-13,15-17,22,25 J

i)
ofr
o

L
ofN
o
rr
fo rid ot

2 o o

arvinen
ERBe W&ol x4 FHol7t glAY Gt
TH

$ol4 Eo 89

PN

T

o

XS
5
[
o
(o]
Y0
I3
2
i3
ol
ot
>
K3
>
Hi
X
NoE
B e

0,
u)
=
53
B
ofr
ol
X
d
o,
o
v
ro
i
z
Y,
i
o
i)
o2 S Koo

¥0

-1
o
=2

Hgo]l EFS Zlow o5
Buata QIok®? Balfe 5ol o}
mRNAS} protein & Alolof| f-2
o] 1ot ERBY Afole dA&o
o A gevkal sith

ERa®] a2 4 A
FGo|2EZA ©

= L
5T 5 glom, PoliERA ARAde

[

g T
o 2
2 L
fr

=

waA
54% %Y

_

B
1%
o
-3
2 1
ot

161



B

off

FAT AERA FLE IH o7t ok
21} ERaoll Q1 @Ate] Aol sa
Az WhgehA] @gaL, E ASol Aguks
BYY SR ME Aot A7)z} Wy
oto] Hop s 3= AiES A5F
F e At BeF AAeltk! E U ER

o

|

§
@
_L
5
g
ojft
=y
ro
ul
sl r
=
= -
L
2 o 3o rQL' Al 2

D0
il
il
ofr
ol

?%% 3&74}01]/‘1% olefgt #d )
o 34t} Borgquist 5% ERB %
A &Ape %9 o] 3101/}
H 5L 3 739 ERa+/ERB+Q 75
+/ERB-¢1 A-HT 45d 74 "gf%%
¢ltta &l ERB o] 32 & Xg9] Hhe-S
ddste AAE 2 Ae-S AASATE ER
w7t EABHA e ﬂXH 35 EREAE 5-
10% Aol 2 zHk-g <d A ZH-3-2]
71794 As5894E 01] dale <At A=
obAAA] A A kPP Gruvberger
~Saal §7& 243k BHEARO R XEF 3
o Al ERpZF 28E AF a2 AE
&2 H3eH, 53] ERa %/‘o 2l Ao A F
ATA frojide] o =tk stoh WA
ERa 949l #AloM= ERB wHdd] w& A
300 2ol AT kA ERa 2490
W SAtelA] ERBY o] EREAIHE A
FHE AT F vk sk

E ATFoxe HASA ] gk FHEAES
2 AAYEE B4 ERB TE 7ol o

S
©

)
bl
n
Y

rlr
mf&r'
& > o s oy

fz

e o

2 ALET AEg 3 Aole fldth
AR oA EHAESY FdAAdS 2
Ao} o], FFe] A7), Fxd Ho] B 9
A7) & 9xAd o] {5 vho] thHFEY
A3 §93 dFAE Yeyity 3EEE
£ 2 ATNkE ez g EAdAE
FHAES Qo] o3t Apols Holzl sk
o1} ERB7} #HAE oM =& ALES B
At

AEAoZ B AfdMe FYolA ERB
o] o FAxA iE QT = gt
At ZEEaHS e AxEdMe ERB
o] wdo] FAA Fo4L flov =2 Al
Hre] AES HojFo] g2 g Uidt £
S dERAAZAY eSS ER1T £ AN
ok el SgES TYsta o B I
& B3 #AE3hd ERBY 2ol #
& FxA T2E XFo U WSS oF
g e AEA ARRE F S Fe=
Ay z}ekct
HALY 2

1. Green S, Walter P, Kumar V, Krust A, Bornert
JM, Argos P, et al. Human oestrogen receptor
cDNA: sequence, expression and homology to
v-erb-A. Nature 1936;320:134-9.

2. Greene GL, Gilna P, Waterfield M, Baker A,
Hort Y, Shine ]. Sequence and expression of
human estrogen receptor complementary DNA.
Science 1986;231:1150-4.

162



10.

11

12.

. Kuiper GG, Enmark E, Pelto-Huikko

. Osborne CK. Tamoxifen in the treatment of

breast cancer. N Engl ] Med 1998;339:1609
-18.

. Clarke R, Liu MC, Bouker KB, Gu Z, Lee

RY, Zhu Y, et al. Antiestrogen resistance in
breast cancer and the role of estrogen receptor
signaling. Oncogene 2003;22:7316-39.

M
Nilsson S, Gustafsson JA. Cloning of a novel

)

receptor expressed in rat prostate and ovary.
Proc Natl Acad Sci U S A 1996;93:5925-30.

. Hu YF, Lau KM, Ho SM, Russo ]. Increased

beta
chemically transformed human breast epithelial
cells. Int J Oncol 1998;12:1225-8.

expression of estrogen receptor in

. Speirs V, Parkes AT, Kerin M], Walton DS,

Carleton PJ, Fox JN, et al. Coexpression of

estrogen receptor alpha and beta: poor
prognostic factors in human breast cancer?

Cancer Res 1999;59:525-8.

. Jarvinen TA, Pelto-Huikko M, Holli K, Isola

J. Estrogen receptor beta is coexpressed with
ERalpha and PR and associated with nodal
status, grade, and proliferation rate in breast
cancer. Am J Pathol 2000;156:29-35.

. Mann S, Laucirica R, Carlson N, Younes PS,

Ali N, Younes A, et al. Estrogen receptor
beta expression in invasive breast cancer.
Hum Pathol 2001;32:113-8.

Omoto Y, Inoue S, Ogawa S, Toyama T,
Yamashita H, Muramatsu M, et al. Clinical
value of the wild-type estrogen receptor beta
expression in hreast cancer. Cancer Lett 2001,
163:207-12.

Shaaban AM, O'Neill PA, Davies MP, Sibson
R, West CR, Smith PH, et al. Declining estrogen
receptor-beta expression defines malignant
progression of human breast neoplasia. Am J
Surg Pathol 2003;27:1502-12.

Nakopoulou L, Lazaris AC, Panayotopoulou

163

13.

14.

15.

16.

17.

18.

19.

Estrogen Reeptor B and Breast Cancer Recurrence

EG, Giannopoulou I, Givalos N, Markaki S, et
al. The favourable prognostic value of oestrogen
receptor beta immunohistochemical expression
in breast cancer. J Clin Pathol 2004,57:523-8.
Choi Y, Pinto M. Estrogen receptor beta in
breast cancer: associations between ERbeta,
receptors, and other prognostic
biomarkers. Appl Immunohistochem Mol
Morphol 2005;13:19-24.

Skliris GP, Leygue E, Curtis-Snell L, Watson
PH, Murphy LC. Expression of oestrogen

hormonal

receptor-beta in oestrogen receptor-alpha
negative human breast tumours. Br ] Cancer
2006;95:616-26.

Hopp TA, Weiss HL, Parra IS, Cui Y, Osborne
CK, Fuqua SA. Low
receptor beta protein predict resistance to

Clin

levels of estrogen

tamoxifen therapy in breast cancer.
Cancer Res 2004;10:7490-9.

Myers E, Fleming FJ, Crotty TB, Kelly G,
McDermott EW, O'higgins NJ, et al. Inverse
relationship between ER-beta and SRC-1
predicts outcome in endocrine-resistant breast
cancer. Br J Cancer 2004;91:1687-93.

Borgquist S, Holm C, Stendahl M, Anagnostaki
L, Landberg G, Jirstrom K. Oestrogen receptors
alpha and beta show different associations to
their
co-expression might predict a better response

clinicopathological ~ parameters  and
to endocrine treatment in breast cancer. ]
Clin Pathol 2008;61:197-203.

Cappelletti V, Celio L, Bajetta E, Allevi A,
Longarini R, Miodini P, et al. Prospective
of
predicting response to neocadjuvant antiestrogen

evaluation estrogen receptor-beta in
therapy in elderly breast cancer patients.
Endocr Relat Cancer 2004;11:761-70.

Chang HG, Kim SJ, Chung KW, Noh DY,
Kwon Y, Lee ES, et al. Tamoxifen-resistant

breast cancers show less frequent methylation



B

20.

21.

22.

23.

25.

26.

off

of the estrogen receptor beta but not the
estrogen receptor alpha gene. ] Mol Med
(Berl) 2005,83:132-9

Murphy LC, Leygue E, Niu Y, Snell L, Ho
SM, Watson PH. Relationship of coregulator
and oestrogen receptor isoform expression to
de novo tamoxifen resistance in human breast
cancer. Br J Cancer 2002;87:1411-6.

Speirs V, Skliris GP, Burdall SE, Carder PJ.
Distinct expression patterns of ER alpha and
ER beta in normal human mammary gland. J
Clin Pathol 2002;55:371-4.

Gruvberger-Saal SK, Bendahl PO, Saal LH,
Laakso M, Hegardt C, Edén P, et al. Estrogen
receptor beta expression is associated with
tamoxifen response in ERalpha-negative breast
carcinoma. Clin Cancer Res 2007;13:1987-%4.
Park MH, Ryu HS, Ro HW, Cho JS, Yoon
JH, Jegal Y], et al. The clinical significance
of the estrogen receptor beta expression for
endocrine therapy in patients with eralpha-
negative and progesterone receptor—positive
breast carcinoma. ] Breast Cancer 2009;12:
156-62. Korean.

. Baek JM, Sung GY, Lee DS, Chun KH, Lee

DH, Seo Y], et al. Expression of estrogen
receptor beta, estrogen receptor alpha and
cyclooxygenase II in advanced breast cancer.
J Breast Cancer 2005;8:45-51. Korean.

Kim SI, Park SO, Jung SY, Yang WI, Park
BW. Comparison of estrogen receptor beta
expression between hreast cancer and normal
mammary
clinicopathological factors. ] Breast Cancer
2005,8:99-104. Korean.

Association of Directors of Anatomic and

tissue and relationship  with

Surgical Pathology. Recommendations for the

164

29.

3L

32.

reporting of breast carcinoma. Hum Pathol
1996;27:220-4.

. Greene FL. American Joint Committee on

Cancer, American Cancer Society. AJCC cancer
staging manual. 6th ed. New York: Springer-
Verlag; 2002.

. Lee JS, Kim HS, Jung JJ, Lee MC, Park CS.

Expression of vascular endothelial growth

factor in adenocarcinomas of the uterine
cervix and its relation to angiogenesis and
p53 and c-erbB-2 protein expression. Gynecol
Oncol 2002;85:469-75.

Chomcezynski P, Sacchi N. Single-step method
of RNA
thiocyanate-phenol-chloroform extraction. Anal

Biochem 1987,162:156-9.

isolation by acid guanidinium

. Roger P, Sahla ME, Mikeld S, Gustafsson JA,

Baldet P, Rochefort H. Decreased expression
of estrogen receptor beta protein in proliferative
preinvasive mammary tumors. Cancer Res
2001;61:2537-41.

Balfe P, McCann A, McGoldrick A, McAllister
K, Kennedy M, Dervan P, et al. Estrogen
receptor alpha and beta profiling in human
breast cancer. Eur ] Surg Oncol 2004;30:
469-74.

Early Breast Cancer Trialists” Collaborative
Group. Systemic treatment of early breast
cancer by hormonal, cytotoxic, or Immune
therapy. 133 randomised trials involving 31,000
recurrences and 24,000 deaths among 75,000
women. Lancet 1992;339:1-15.

. Early Breast Cancer Trialists’ Collaborative

Group. Tamoxifen for early breast cancer: an
overview of the randomised trials. Lancet

1998;351:1451-67.



