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Purpose: Since the discovery of estrogen receptor- 3 (ER-
B), five C-terminal variants of ER- /5 were identified. We
designed this study to investigate the pattern and clinical
implications of ER- 5 and its splicing variants expression
in normal and malignant mammary tissues.

Methods: Using reverse transcription polymerase chain
reaction (RT-PCR), we examined the expression levels of
ER-¢ and ER- 3 and its five splicing variants (81, 32,
B3, B4, B5) in 50 paired normal and cancer tissues.
We measured the densities of RT-PCR products using
Tina version 2.10 (Raytest, Germany). Firstly, the inci-
dence and intensity of ER-¢ and ER-4 and its five
splicing variants were compared. Then the expression of
ER- 3 mRNA splicing variants was also analyzed with re-
gard to the ER-¢ protein expression measured by im-
muno-histochemical staining and the menopausal status of
the patients. Chi-square test and paired samples t-test were
used for statistical analysis. Differences were considered to
be significant with a p-value of less than 0.05.

Results: The expression of ER-A mRNA variants in
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normal breast and cancer tissues were as follows: ER- 32
(100%/100%), ER- B4 (76%/74%), ER- 35 (32%/58%), and
ER- 51 (14%/16%). ER-33 was not detected at all. In
terms of intensity, we observed a significant decrease of
ER- 32 (P<0.001) and an increase of ER- 35 (P=0.004)
in the mRNA expression levels among breast cancers com-
pared to the corresponding normal breast tissues. Com-
pared to the corresponding normal tissues, a significant
decrease of ER-532 in cancer tissues was observed in
patients with ER- ¢ -positive (P<0.001), with age over 50
(P=0.01), and under 50 (P=0.04) as well, but not in pa-
tients with ER- ¢ -negative (P=0.48). ER- 34 also signifi-
cantly decreased in patients with ER- & -positive (P=0.004)
and with age over 50 (P=0.07). ER- 35 showed a signi-
ficant increment only in patient aged over 50 (P=0.04).
Conclusion: ER- ¢ mRNA expression significantly increa-
ses but ER- 3 mRNA expression decreases in the cancer
tissues compared to the corresponding normal tissues.
Among ER-A variant forms, ER-A32 is predominant in
both normal and malignant mammary tissues and ER- 34,
ER- 85, and ER- 41 in descending order but ER- 53 does
not express in mammary tissues. The decrease of ER- 52
and ER-B34 expression is prominent in cancer tissue
especially in ER- @ -positive cancers, which suggests that
ER- 42 and ER- 34 may possess a regulatory function in
mammary carcinogenesis. Further investigations to verify
the roles of ER- @3 variants are mandatory. (Journal of
Korean Breast Cancer Society 2003;6:161-167)
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(1) & RNA F&: U222 A4l & 5 44

A7kA) —~80°C g Lol 5445401 W gulzale out
sto] A AollA total RNAE o}giar RNAL uhz} A}

Hhol] A HAE o] §-3lod i*—l? 43t ¥ Trizol Rea-
gent (Gibco BRL, Gaithersburg, MD, USA)E- o|-&3}o]
E8)9ek 7hels] Qoksly 1 mle] Trizold A Eell Wil
3027 BElAZE ol gellA SET Tk dolsle
£l 2.2 200 419 chloroform$ #7}slo] 30%&7F 4olF
Il ARLo|A] 3E7E & o]Fol| 12,000 xg, 4°CollA]l 1527+
AA K alslo] AAs ). Aqueous phaser 500 18] iso-
propanolE Wil 15%7F o|Fa A4 1027 & ol
o]l 1087} 12,000x g, 4°Colj4] LA Eglslo] HAA)H
th RNA pelletd 75% ogh-2-& o] -&3}o] Mol 587t
7,500 X g, 4°Col|A] LA E-2]slit}. RNA pelletd F7] &=
oll4] =2l 2 diethyl pyrocarbonate (DEPC)E *|2]3F & 100
12 50 F AL A7k —80°C WEatell Easlich

(2) ™ A}: First-strand ¢cDNA €A1 Superscript 11 reverse
transcriptase (Gibco BRL)E A}-&3}99c} 1 xgo] AAE RNA
£ oligo dT primer (Gibco BRL)E o|-&3}o] AAAE A7
t}h 7hels] QoksH, 141 10 mmol/L ANTP mix (Promega,
Southampton, UK), 4 1 5x first-strand buffer (Gibco BRL), 2
#1 0.1 mol/L dithiothreitol, 28] 3L 1.1 Superscript I (200
units) & W2 F 0§ 7ol wlE] 65°CellAl SETF F o]Fol
Loll4 A8l 1l (500 ng)e] oligo dT primere} 10.5 pl2]
RNA (12905 gol & ¥ F 20 ulE 42°CollA] 508-7F whs
Al Zct.

3) SEEAAMESPCR) L Primers

ER-39] C-#t splicing HEHAE HEsH7] st
triple-primer PCR method & o|-8-3}¢ic}h.(20) 7heks] 71€3]
w sense primer ER-B1U 5-CGA TGC TTT GGT TTG
GGT GAT-3’%} antisense primer ER- S1L 5°-GCC CTC TTT
GCT TTT ACT GTC-3'¥ 268 bp &3 9] ER-A1 3 A
(GenBank accession no. AB006590 and X99101)E- 733}
Ysto] AL8-8}913L sense primer ER- 31US} antisense pri-
mer ER- 82L 5’-CTT TAG GCC ACC GAG TTG ATT-3'&-
214 bp wFHS ER-52 ™3l A|(GenBank accession no.
AF051428), 529 bp wl#H 2] ER- 54 #1¥ A|(GenBank acces-
sion no. AF061054), 18] 3 295 bp k3 2] ER- 35 #H x|
(GenBank accession no. AF061055)& 7Zsl7] Hslo] A
23}l PCR cycling 2712 95°C 3%, 40 cycles (95°C
302, 58°C 30, 72°C 302%), =18} 3 72°Col|A] 57} uhe
A7k

Triple-primer PCR 743} ER- (2, ER- 81, ER-p35% 7%
o] &gl o1} ER- 849} ER- B3 HESA gkl a4
sense primer ER- 54-SE 5’-TGG GAA TAC ACT GAG CTT
TGA G-3'9} ER-B2LE 294 bp SHHeo] ER-p4 W)
(GenBank accession no. AF061054)5 Z1&3}7] 9slo] A
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£38}93. 12, sense primer ER- 83-SE 5°-AGT ATG TAC CCT
CTG GTC ACA GCG-3’9} antisense primer ER-33-AS
5’-GCA GTC AAG GTG TCG ACA AAG GCT GC-3’=
400 bp ¥+ 9| ER- 83 YA E 7 E3l7] flste] Ags}
e} 18]3 sense primer ER-3-SE 5°-GAT GAT GTC
CCT GAC CAA GT-3’%} antisense primer ER- 8-AS 5°-CAT
CCC TGT CCA CAA CAA GA-3+= RE C-iul ~Zg)A]
HEAE HES7] Yole] RE HEdAo] ZEHog B
5 213 bp AL AEH] 9Jsto] Agelgir). PCR
cycling 2712 95°C 3%, 40 cycles (95°C 302, 58°C 30k,
72°C 30&), 22lal 72°CollA] SE7F uFS-A1Zich Sense
primer ER- ¢-SE 5’-TGC CAA GGA GAC TCG CTA-3’%}
antisense primer ER-¢-AS 5-TCA ACA TTC TCC CTC
CTC-3'%= 263 bp ¥HH9] ER-¢ (GenBank accession no.
NM-000125)5 #Z&sl7] Yslo] AHE38l¢lch. PCR cycling
2712 95°C 3&, 35 cycles (95°C 30, 58°C 302, 72°C 30
&), 2]aL 72°CollA] 5E7F vESA At

HHA E&-2 glyceraldehyde-3-phosphatate dehydrogen-
ase (GAPDH)E o]-8-slo] #0119 sense primer GAPDH-
SE 5°-ACC ACA GTC CAT GCC ATC AC-3’%} antisense
primer GAPDH-AS 5-GCC TGC TTC ACC ACC TTC
TT-3'E A&319th. PCR cycling 2AL 95°C 3%, 30
cycles (95°C 30, 58°C 30z, 72°C 30%), 183 72 °Col] A
587 b AIF . PCR cycles A|ejdt UwA] whgzA
< 3 2ok 1419 GAA mixtureE F 20 p1 2 HES
AZom MeBe] ¥5E 10 mM Tris-HCl (PH 8.0), 50
mM KC], 2.0 mM MgCh, 0.2 mM deoxy-ribonucleotide-
triphosphate (ANTPs), 8 pmol®] Z}7+e] primerE A}-£-8}9)
3L of7]ell 0.6 unit®] Ex Taqg DNA polymerase (Takara,
Ohtsu, Japan)& @)c}.

4) Triple-primer PCR H}E{9] &Q]

7+5ks] @okslm ER- 81, ER- B2, ER- 857} 5 wkslo]
= $zA2] DNAZ o] golod Slold Ame AR
Ho 2 triple-primer PCRE AJ2J3l o]& A 7]0450} z}
9] ER- 41, ER- 52, ER- 85 PCR AAEL Aol 4] oW &
QIAquickTM gel extraction kit (Qiagen, Hilden, Germany)E A}
f3to] AASI T pGEM-T Easy vector system (Promega,
Madison, USA)Z o|-&3fo] Z47+e] wgAlg F24ick
PGEM-T Easy vector®] &Y F9]9] Sxlell= ZH2t T3}
Sp6 promotor7} $JX| st gl T7 primer, 5-TAA TAC GAC
TCA CTA TAG GG-3'¢} Sp6 primer, 5°-GAT TTA GGT GAC
ACT ATA G-3'& 7}xx 7+ ER- B, ER- 82, ER- 857V & &
3 vectorgE: £ OE HA PCRE Algsisict. 2442 %
%l PCR AAES 27|52 & ool QlAquick™ gel ex-
traction kit (Qiagen, Hilden, Germany)Z&- A--8-sto] A Ale}ol
Ultraspec2000 (Pharmacia Biotech, Piscataway, NJ)& o]-8-8]o3

-l?iOEi*l

B5 0 1 1 1 1 1 1 1
B0 1 1 1 1 1 1 0 1
B2 0 0 0204 1 4 8 0

ER-B5
ER-1 —*
ERp2 —>

Fig. 1. Validation of triple-primer polymerase chain reaction.
Spiked cDNA preparations, containing various amounts
(indicated above the autoradigram) of ER- 35, ER-f1,
ER- 82 purified PCR products (45, A1, [2) were
amplified by triple primer PCR, and PCR products were
separated on an acrylamide gel. The autoradiogram
shows the PCR products obtained.
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J2Fs19] 2w ER- 81, ER- 52, ER- 85 PCR A4 2] o2 ]
FA7)3 3 BExol| 37449 primerE EF Y& 2 PCRE
AJ3Bslo] triple-primer PCRo] AAH 0 2 o]Fo|A =R E &
A8l chFig. 1).

5 PCR Y22 B4 I EAANE

Triple-primer PCRE- A} 383} o] %)) 20 «12] PCR A&
& 6X loading buffer (30% glycerin, 0.025% (w/v) bromo-
phenol blue) 4 plol] 4o]$ 3, 4% Metaphor agarose (Cam-
brex Bio Science, Rockland, ME, USA)E o] &3s}of 247+
=9} Tris-Borate-EDTA Buffer (TBE)ol|A] A 7] 239 v}
t}E PCR AAEL 2% agaroseE o] &3] Tris-Acetate-
EDTA Buffer (TAE)oll4] 7|58t A7QES 3t
o] ¥ of] agarose gel ethidium bromide (5 zg/ml)ol] o3 8
7 % AHAN DAYt FE A7 ABANL
TIFF FY2 AAs AL o AERZA FgA9 wdzle
+ TINA 2.10 (Raytest, Germany).2. 2 F-4]5}9] o] ER- ¢,
ER-8, ER-3 H3A) mRNAS #8759 Xo]: SPSS
11.0 (SPSS Inc, Chicago, USA)S 0]3-’101 paired sample t
testol] 2Jslo] EA 23l B E 282X mean+stan-
dard errorZ FEA|8IH 1 EAH -;r«]—"r‘“f-% P value 0.05
Rlge = elesich

< o}
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], ER- B4+ A 23 76%, fHkol 2= 74%, ER- 5+
Az 32% 4 g 27 58%e] wEs Hol Z4
WG ZHoA WY RS §o% Aol glglont
FH Z2A 4] ER- S 813 x| mRNAS] WEnl =& pol7}
slol ER-32¢] wkdle] 7l AAslgler] ER- 54, ER- 5,
ER-519] =02 W= 9lil ER-83% 3AHA okt
(Table 1).

2) 34 o 7Y =AM ER-2 2 ER-8 mRNA
3 PHEA geldz X0

A4 9 9% 2ol 4 ER-g
A

o
i

1) ER- 5 mRNAS]
JER-oE B4 226 v 3
P00 A HHAEA EgEou, BR-gE A
off Hlall FHker 2% (P<0.001)A “V&UL‘:
ﬂ] "LOLD}(Tab]e 2, Fig. 2). 1&J1} ER- 5 wigH|e
+ ER-359] 735 it =4 elA A4 =27
=712 ¥l ov} ER- A1, ER- 82, ER- 849
& zAoA AHo® uokh(Fig. 2, Table
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Table 1. Incidence of ER- ¢, ER-4, and ER- /A variant mRNA

expression

Receptors Normal tissue (%) Cancer tissue (%)
ER- o 50 (100) 50 (100)

ER- 5 50 (100) 46 (92)

ER- 51 7 (14) 8 (16)

ER- 52 50 (100) 50 (100)

ER- 33 0 (0) )

ER- 54 38 (76) 37 (714)

ER- 35 16 (32) 29 (58)

3) et X L ER-o EhdhS 3 mZAMEfO m
E HM ¥ wdet ZHOHAM ER-22 ER-B
T

SRS wod =27 31eke] AMof] o]%t ER- o wlululs Ax
& 7|98 ER-¢ FATELT} ER-¢ SAFER SR, =)
Z3elE sefstod 504 o] 33} 504 olstE w04 ER-
B mRNAS] wF7}Ee] ZpolE ohA] E4319)

BR-4E 42A0 vaf ERo $45U% 2A0-
0.02) ¥ ER-¢ 44 ¢ 2#(P<0.001) SFell4 2
S 2o BUREE welu 0 ool FUY ZA

A

<0.001) g 504 ©]3hP=0.01) EFollA §-2lslA urso]
uhotth 24402 ER-8 mRNA 28 53] ER-a %4
Frel zZ oA, T 504 o]l hxhe] kgl zFH

Table 2. A relative expression of ER-/ in breast cancer tissue
according to e ER- ¢ expression and patient age

Status Ratio* Mean +se P value
Total 0.53 —0.42+0.08 <0.001
ER-¢ (+) 047 —-0.54+0.13 <0.001

(-) 0.63 —0.30£0.12 0.02
Age >50 0.50 —0.53+0.19 <0.001
<50 0.55 —0.37+£0.09 0.01

*represents the value calculated by division of the ER-j3
intensity expressed in cancer tissue by that in corresponding
normal tissue, Trepresents the value calculated by subtraction of
the ER-/ intensity expressed in cancer tissue by that in cor-
responding normal tissue. A minus quantity (—) means the
intensity of normal tissue is stronger than that of corresponding
cancer tissue.

ER-o
ER-B

65 (295bp Fig. 2. Expression pattern of ER- ¢,
ER-B B1 5268bp; ER-B and ER-§ variants
Variants

mRNA in normal mamma-
ry and their corresponding
cancer tissues. N repre-
sents normal tissue and C

| «— B2 (214bp)

represents cancer tissue. Re-
verse transcription efficacy
was controlled by assess-

ment of GAPDH expres-
sion.
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Table 3. A relative expression of ER- 4 variants in breast cancer tissue according to ER- @ expression and patient age

ER- 52 ER- 84 ER- 35
Status

Ratio Mean X-se* P value Ratio Mean *se P value Ratio Mean *se P value

Total 0.86 —-0.2220.07 0.01 0.95 —0.12+0.11 0.27 1.44 +0.37+0.11 0.01
ER-¢ (+) 0.76 —0.432£0.08 <0.001 0.67 -0.25+0.08 0.004 1.34 +0.31+£0.20 0.139
(-) 0.95 —-0.09+0.13 0.48 0.88 —-0.1+0.23 0.6 1.35 +0.201£0.13 0.178

Age >50 0.78 -0.41+0.14 0.01 0.65 —0.54+0.21 0.07 1.78 +0.60+0.25 0.04

<50 0.88 —0.18+0.08 0.04 0.92 —0.068 £0.13 0.6 1.2 +0.16+0.15 0.29

*represents the value calculated by subtraction of the ER-J intensity expressed in cancer tissue by that in corresponding normal tissue.
A minus quantity (—) means the intensity of normal tissue is stronger than that of corresponding cancer tissue. A positive quantity (+)
means the intensity of normal tissue is weaker than that of corresponding cancer tissue.

A ez

H}7} 25}l ehTable 2)

4) ER-o DHYWE U HIAEY B2 HA Y Fu
o ZFUA ER-B mRNA HEHLUHBE 0|

Az A ol B3l ER-a A Guket 23 o)A
3] Yrgho}(P<0.001) ER-o &4 4

o 2ol MAZES] Fol7 YHTHP-048). el

504 o]AHP=0.01) B 504} o]3H(P=0.04) 32} GHbel =%
72X ooz wrel o zslrl gloi) 504 o] AEIA ¥
ol Aol ket zA ol A wre o Aslr} S FElskelch
(Table 3).

ER-p4%= A4 9 ek =3 ZF Wz s Wshl #
oJetA] 9kt oLhP=0.27), ER-a %4 §HHHP=0.004)3} 50
Al o4 Sk2HP=007)0ll A gt wE g AHsE H
3 ER-¢ A4 Sukol =2 (P=0.6)7 504 o|s} TAte] &

Felgt Aol figiet

o
N

weh 2A@-06)9 A HHAES)
(Table 3).

olsh WhelZ ER-A5E A=Al I3 504) )4 %
A s 240l WAL} FRo 009, S04
ol gael ek 2FelAE A f4E ¥ 4
919 L(P=0.29), ER-¢ kAot =A (P=0. 139)oﬂxi ER-
¢ SASEE ZAC-01TR)ET B BAREE B

lovt B4 G142 gleTable 3).

kI
ek

o 77s Azl val f4¢h 2814 ER- ool
Zokel 3 Wl ER-49) AL o3 s

of et WA % ER-a9) F7M8h ER-Be] 747}
3 Aoy AAEI J|FE AT ARE
Astedek & ER-09) BQe 37t £
i were] A oAA DL, e
4 ER-9) 8¢ Al

A A AR ST & AASo| ofu] WEL ER-
gl ublo] Subek wrere olalshs UL & Aolott:

Baeas At
A4 g Gugh 234 ER- 5 HE A WA g2 ER-
B2 (100%/100%), ER- B4 (76%/14%), ER- 35 (32%/58%),
ER- 81 (14%/16%)9] <o.& wanlxe] Xto|7} 3L
7 WA A4 g Saer 27 7 e s e
Aol gl e} BR-859) A$ gz nch 43
of 2olA WHuEs G ggtor LE 3
2 ol|4] ER-39) HE& BHE A opo} 27 FolHe)
W odg Beivh ER-429] 3¢ AdzH el sl %
Gz oA WAZETL gol lowa ~«l AT AIeH23)
Ax) 519l ot} ER- B4 4 ER-512] 7+ Tong 5(25)°]
ol ®313F ER-pB4 (100%) ~12]3l ER-31 (40%) mRNA
A% NEEGE AUHo G s HolF
e}, ol PE Aol AL AA 5, AP, 223 3
2479 Hololl vhe} AgAe] o] F HolFi ek
Ao g AA v GHlel =27k ER-5 HE A whd
A5E ot zH A ER-529] Fol3h 7h4(P-0.003)
3 ER- 859 $ol3t Z71P=0.001)7} #3921t ER- B4
of Aol WAFA hrhP-0274). BR- 52 RE 27
o4 Thg He WHAEE Rylon] sk 24l
Yo ekl Al A%e) THedE A4
125} v o] HABET} FThete] £
9lo] &% o33l 7l5AS AlAEg oy
ER- 35 <1 A] ER-¢%} heterodimerE O]TCﬂ A4 A g%
AR % w)(26) ekl e fEe R W
B A W SR 71l 18 A4 ol

<

o it ded Heog Aok
3 24 ol Al ER-o shbdol o2 ER-5 w1
A e %91 Aol HA3 A3 ER-o Y &
b 27 o4 ER-$2 (P<0.001) % ER-p4
(P=0.004)2} %ﬂi &t dgEglont ER-859] o3
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Arole YRILP=0.139), ER- ¢ Tt 249 75 A4
2 27 7 ER-B HEA) WA R golE §o
317 gksteh. 7 % $h7be) 79 ER- 52 (P=001), ER- 84
(P=0.07)9] k4 gl ER- 359 Z7HP=0.04)7} Felapgl ot
A7 A 3zbe] 7% ER-829) 7H@=0.04)7ko] FEH

e

o]} A&
4 E3] ER-52¢} ER- 4 mRNAQ] 7}47

Aell Fojstelel HZ=, o] ER-o ghifwtdo] g
e Weky] Aol 4" £ %l° = AlAsEs .
ER-o ©hilldtdo] gle ekl A% 2223 34
Sl Z1A 0] ket uighel] Fol g A °i J7rE] e oo
ek A7t Had Aol =& Ao HAHAelo] u}
2} ER- 3 mRNA Hb& ok4t9] 2}017} Ue Ao o 7
HYA o] dFo] g F PSS AT ER-B59] o
Gl el A= o] A BEt— gt ol 3 Tl o)
g A7t Festelel AzEd.

ER- 4= A4 =243 59 23] 2+ iE7E #jo)i=
ot fuel 24 W) ER-¢ whiwry gl H)A34
utet EA A3 504] o)4e) ittt ER-o YA G
dzAollA FHet 2o A4 22 R W
Felgh AstE Hyow o|zjdk Adb= ER-529] Wy
4 dxs

ER- 81, ER- 82, ER-359] 37}7]¢] ¥&x] =% EREo)
A% ¢ glou EREo| T2E Ao uhg A A
@l 12 ER-Bl15kl glotn g2k vz
ER-B1& A&J3 WA EL olulE ZAHH o2 ERE
Agrsto] AAzAE JeElE AR ER-0$} heterodi-
merE o] Fo] ER-¢9] HAARAE JAlst= Aoz Wl
t}.(17,26,27)

upebA] B Qo] ARE Fgebd ¢t 23 Wl ER-
o T gl 7ol vl ER-5 mRNA #&H] o
ekl RolE Eor, ER-a ¥4 fHet =27 )4
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