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= Abstract=

The present study was designed to develop a new method for the determination of estrogen recep-
tor in porcine uterus using frozen sections. Cryostat sections were incubated with *H-estradiol CH~E;)
in the presence or absence of diethylstilbestrol(DES) and the radioactivity of *H-E, bound to
estrogen receptor(ER) was detected. The level of specific estrogen receptor was determined by
Scatchard analysis. The highest ratio of specific binding against total binding was achieved in 3 sec-
tions{5mm x 5mm) which was corresponded to 100zg/ml protein concentration. Optimal binding
was obtained during incubation with *H-E, for 30 minutes at 23°C after treatment of sections with
acetone for 20 seconds. Three time-washing of sections was proved to be appropriate for the re-
moval of unbound *H-E;. 200-fold molar excess of DES was substituted for the binding of *H-E, to
ER sufficiently(binding efficiency of 54.8%). ER was saturated with 4nM of *H-E; and its dis-
sociation constant was 0.1nM. ER assay using frozen sections(Histological radioreceptor assay,
HRRA) was significantly correlated with radioreceptor assay for estradiol(RRA, r=0.976, p<0.
05). The present method has been proved a simple and reliable method for the preparation of small
tissue samples, particularly for the specialized part of tissue, and for researches on reproductive
physiology and pathology.
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¢} Estrogen Radioreceptor Assay(ERRA)¢] &
2 Ao 7z 9lrh(Lee, 1978;Ekman et al,
1979;McGuire, 1980;James, 1984 ;Sheridan et
al, 1988). 2]} ERRA¥ & A% o ==z
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olelat FA4E #4}7) A5ho] labelled lig-
and% o $3he) BRS| 2434 2449 S 2]
1} (histological localization; Walker et al,, 1980),
.+ 3 A 23444 (ligand-antibody method;
Nenci et al,, 1980) %o] Al &x o} == 3135
= vl (histochemistry) 2} A 3}3t# 2 uln
{blochemical assay)ol} ¢Jgt Z 3} Alolo] £
A0nAE dx £ cl(Panko et al, 1982;
Penney and Hawkins, 1982). &, & 3.8 H.al1]
7l 2dHZeolx ¥ AzH(Fluorescin-labelled ster-
od) 2 M 49 HEFAE galstr] of
29w (Chamness et al., 1980;Dexenbichler et
al, 1982), ¥& 73 A 39 (binding affinity),
& Aeoll o] EotdAa e v uwlf
of A¥FS7E AfH o AgEy] ofF o
# 2 ERe] o3 whel Z£ 34 (monoclonal an-
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FUT)E Ad F dAZ azlz A= F4
F 1 (liquid nitrogen) A} 4 A}-gA72 Weuyz
(deep freezer, ~70°C) 32 ct. 87+ g A
TE 7714 E A Hokibe A& g:y Sp
rague-Dawley Al-5 Al 43} 0 m) o 8- A=} 4]
G 5 AR E A& 3

3 AE3ledch

2. Aot & A58

£ AdofA 9lEgoz TEGD buffer
%;10mM Tris-HCl(Sigma), 1.5mM EDTA (Sig-
ma), 10%(W/V) glycerol(Merck), 183 1.
5mM dithiothreitol(Sigma) 2] =X e @ 1IN HCl
& Agelo] pHE 742 HAste] ALa3ch

Labelled ligand 2 *H-estradiol(sp. act. 169 Ci
/mmol, New England Nuclear, NEN)& 2} 2.3}
9311, competitive inhibitor & 17f-estradiol & di-
ethylstilbestrol(DES) 5, cross reactivityZ 34 <
28k steroid hormone® & progesterone{P,),
testosterone(T), dihydrotestosterone(DHT), cor-
tisol, corticosterone, estrone(E;), 2&]3 estriol
(E)& AH&3sldch

Scintillation fluid+ toluene(Mallinkrodt) 500
ml, Triton X-100(Shinhyo Pure Chemical) 250
miel 3.75g¢} POP(Sigma) 9} 0.047g2] POPOP
(Sigma) & &3AA =33

3. ol Uy
1. 4sdHHY =28 2 &3
28R cryostat(Amercian Optical, Mo-

del 975C)aloll 4] Smm X5mm¢&] H2|E trim-
ming &t ©}-g 8ume] FA R lumenol] I 3stA
e} 1, 2, 3, 4, 570 2el3 40ume) FAE 1
N5 27t cover glassoll B2A]7]1 & Aol 4
10% % A=A 7}t 224 endogenous ster-
oidE A A7l Hdte] 100pl¢] acetone(Mer-
ck)-& cover glass9]o]] Holma 20 Sof ul
SA17 3 71€o] W2 s F4] evaporation
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Labelled ligand solution?} F%% 4nM=z 3}
31 competitive inhibitor &4 200w ¢] DESE
Ab&sled 23°Coll A 24) 7 Bob k52 3o} b
s & YA F 898 22 Pasteur pipette>
AW Aol ohg dFLdo] w7 glass
jar(Columnbia type, Arther Thomas)el] o]
1024 31 Aol

Washing-& v}3 cover glasst 10mle} scin-
tillation fluid»} %7l scintillation vial(20m! ca-
pacity, Wheaton)eol] o] 30&7F %3 vor-
tex-mixing¥}t oh5 301147k Fok WAE &
ol Al A3 3} Al 471 (Tri-Carb Scintillation Spectro-
meter, Model 4530, counting efficiency;54%) &
&4 9k okl A ek bovine serum albu-
min (BSA, Sigma)2 ZTFE&Ho 7 Lowrys
(1951) o} =& whe} A g3bodch bl Ak
2 949 glass tube(13 X 200mm)ol] 2 A&
w.e & IN sodium hydroxide(NaOH)-& <% 1ml
S o} 50°C incubatoro] A} 3037} Hh-S A A k.
-2 & Al2o] 4] mixed stock reagent Iml-$
Zb 7z} tubeol] wan 15874 ¥b-§ A7 ovd Folin-
Ciocalteau’s reagent-& 77+ 3mi4 4 31 vortex
-mixinggt ¥ 45 Fob #bEAlA . HbEo]
b £l S35 5 540nmé oA UV-
VIS Spectrophotometer(Shimadzu, Model UV
150-02) 2 &4 fich
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Fig. 1. Relationship between the number of
frozen section and protein concentration in por-
cine uterus. The correlation coefficient of linear
regression is 0.99(p<0.001). The equation of the
line of regression is y=230.6y +2.07 and the verti-
cal ‘bars represent the standard error of mean

(SEM).
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2. Estrogen Radioreceptor Assay0| 2|8t
EQl X X0l estrogen receptor £ FEQ| X

AZ&gk z2g 05g% Imle gpELdg
a1 homogenizer{Teflon-coated type, Wheaton)
5 Abgslo]l A AAUT)Ed M 302 71A
o2 1524 33 FA38 b2 1,500 xg® 4
Toll# 1037k <Al 2 el(Refrigerated centri-
fuge, Heraeus Christ) 3} ¢t} ojul 45 oH.g ]
A] 105,000 xg® 147 %9k AR (Ultra-
centrifuge, Beckman)3}led cytosolic receptors-

sl

Cytosold| receptor<-&& FA8l7] $f35}o]
cytosol fraction 20041(1-2mg/ml protein)ol
100419] *H-E,(1-8nM)& 431 4°Coll 4] 1847}
Z9b 1F-2-1A)Z 2 v] nonspecific bindingS =
371 SAshol 20000 DES7F A7bml Bz
W3- Al g el wbgo]l By & felda Ay
S #4837 $8led Dextran-coated charcoal
(DCC, 0.075g, Sigma;activated charcoal, 0.75g,
Sigma)-g-o 300ul-E& @i 4Co)4] 1587 #b
AR 5 dAterlel A 1500xgE 5E7)
A2l slo] AFS oL scintillation vialel] 1 o]
AR e a3

wgAe) AE SAse] AA QA5

93] =A% A:4-E Scatchard analysis(1949)

ol wbwlol uwlzl Receptor Analvsis Programme
20r

% |5¢

€

k]

£ o}

2

-

g ° 1/5\/

<

«
ol w« . " a —

N

3 4 5

SECTION NUMBER

Fig. 2. Influence of protein concentration on *H
-estradiol binding to frozen sections of porcine
uterus. Sections were incubated with 4nM °*H-E,
+800nM DES in triplicate for 2 hours at 4°C.
After washing three times with buffer, the section
-bound radioactivity was determined. [J—[7],
Total binding(TB); I — IR, Specific binding(SB);
@® - ®. Nonspecific binding(NSB). The vertical
bars indicate the SEM.
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Fig. 3. Effect of acetone treatmeit on removal
of endogeneous steroids for the reduction of non-
specific binding. Sections were treated with
acetone for varying time(20 seconds to 10 minu-
tes) and then incubated with *H-E,+DES. [ ]—
(1, Total binding(TB); l— IM,Specific binding
(SB); @— @, Nonspecific binding(NSB). The
vertical bars indicate the SEM.

(Combicept 2000CA, Packard Instrument)-& A}
g3tel el

2 Ao gle] =E A3 Student’s t test
2 EAAYsEor] p<005el A9F feleh
G B sk

2
L HFEY 5o 2%

A9 AF& cryostat sectiono]] & )%
AR (2227 5x5mm, 8um)L ukEo] cover
glasse] 8]z 7+ AW Fo] wtZ tiulA o
Fe Fasiel AR S AL A
Al T3¢ Fig. o] veluigich ddg v
A FE ¥+ 32ug/sectiono] g om] 5AHAR v
#dldlod =71 319 o} (p<0.001).

Wl dee] T binding®] JE% 1-549
(30-150pg/section protein) &] Fzko 2 A}
A3 AH F£7} Zr}3o) uwtel total binding
(TB) % specific binding(SB), =83 non-
specific binding(NSB)e] Z7}st: 738 ngl
tH(p<0.1, Fig. 2).

A 5o @& binding9] J3FE Yolr )
98 8umFA S 5AA} FAY whY>
7FA 40pmFA 1RAHS ARz AP A3
TB(1400+43cpm, Mean+SEM) = SB(698+
58cpm)oi gle] & zpo]r} giodch
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Fig. 4. Effect of incubation temperature on *H-
estradiol binding to frozen scetions of porcine
uterus. The uterine sections were incubated with
4nM °H-E,+800nM DES at 4°C(1 to 20 hours)
and 23°C(30_ minutes to 8 hours). Specific bind-
ings after incubation at 4C(Ill— W) or 23C([]
—[) were given as difference between TB and
NSB.

2. AcetoneXZ|E2 U HFA|Z} &2

Incubationd}>] Ao F&x4 &Aoo As|s
ele] E+ &34 endogenous steroidsel] 3}
acetone®] Z2Za§ W Ay HEAZEL =3
3t7] 9fsbed 370 A Ase] FAH cover
glass A7 Fob A=AI7] of-g 10042
acetoneo] 20z, 1%, 54 1027} b4zl
Acetone A 2l3tx] e o] uls) A elol
A Ae F 1374 TB 9 SBrb Zbshdd
o 1087b4] AdAg 7% FA34 b (Fig.
3). SBol i3t TBe wu]%(SB/TB, binding
efficiency)-& 20zo]4 05924 7} %gtch

3. Incubation?| HAH 2L S AlZHEH

Incubation9] Aol o] &x o} w7k
o] bindingol W dle] WA= PFE 4357

9] 3lo] acetoneo] 20x o]A Ay & 47, 23
Toll Al 22+ 20470742 A 2l 3t oH(Fig. 4). 4
C#ollAl 441717%] TB7} 1585+ 36¢pmol] 4]
2109+ 13cpm o 2 =713l o b (p<0.05) L
o] Fo| A= 973+54cpmo. g A= AL
B om(p<0.l), SBE 4] 4 74A F7}
sl S R (p<0l), 422k o] Fof 4
20A) 7k A = ZH 4 s tH(p<0.025). 23°C ol
A= SBr} 221707k 2] Fotsbe g R
] SB/TBE 0.622 714 %7 vhebgc) -2
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Fig. 5. Effect of washing on *H-estradiol bind-
ing to frozen sections of porcine uterus. Sections
of porcine uterus were overlaid with 4nM *H-E,
+800nM DES in triplicate. After incubation(23
C, 30mins), section-bound radioactivity was
determined. [ —{], Total binding({TB), H—W,
Specific binding(SB); and @—@, Nospecific
binding(NSB). The vertical bars indicate the
SEM.

2 10417 ol FelAE Facts d4E 2y

ch(Fig. 4).
4. NIH3l$ H#Y

A A washing conditiong AAst7] $)8le]
23Coll#} 308 %9} incubationgt 3 Pasteur
pipette 2. 8 3¥ .2 group, s12]i glass jaro]
1, 3,5 =832 10¥ dipping3t groupE< scin-
tillation fluid7} %71 scintillation vialol] ¢}
A A G A 47 2 ZA43bg o) Incubation® ¢
FEAo g zo] Hbg NS A AZ A, 13
A A g Fo A bindingo] 3152cpmol| 4] 1337
cmpl 2 o8 74E 89 o Hp<0.05), 33]
o] Zoll & A A g 4‘%% 2189 o} (Fig. 5).

5. Competitive inhibitor2A{ Diethylstil-
bestrol2] 7 ¥ HEET

'Nonspecific binding?] A =& Aol o 7 4
283} competitive ligand®} 1 x5 & A A3
7] 984 competitive ligand 2.4 178-E, =+
DESE zbzk 100wd, 200w, 500+, 1,000w)
g3 10,0008 ¢} =x 2 ¥ 3}lod incubationA}
# o} Competitive ligand & 4] DES2S A}&-3F 7
 178-E;of] w]3] NSB7} Aeidoz whe <k
A8 3 QrHp<0.01). DESE 10,0008 7} =] A
ekl = 100w oj Ao F=Foli DESE
Hesha) e Fol ulsh NSBo =A 743

RADIOACTIVITY (cpm x 100)

° | 10 108 10 10*
MOLAR RATIO OF DES
Fig. 6. Effect of the molar ratio of diethyl-
stilbestrol on nonspecific binding of *H-estradiol to
frozen sections of porcine uterus. Sections on co-
ver glass were incubated with 4nM °H-E,+DES
(100-, 200-, 500-, 1,000, 5,000-, and 10,000-fold
excess). The bindings of *H~E; 1o the sections are
plotted as the molar ratio of DES indicated on the
y axis. The vertical bars represent the SEM.

Table 1. Ligand specificity of *H-estradiol bind-
ing to frozen sections of porcine uterus

Competitive Section Residual

Ligand Bound Specific

(200-fold molar (fmol/mg Bound
excess) protein) (%)
None 204 £4 100
Estrone 43+1.2 12
Estradiol 21+0.2 0
Diethylstilbestrol 20+1 0
Estriol 3205 5
Testosterone 206418 100
Dihydrotestosterone 201 £8 98
Progesterone 183+11 90
Cortisol 194415 95
Corticosterone 190+13 93

Serial sections of porcine uterus(100ug tissue pro-
tein per coverglass) were incubated (20hr, 4°C)
in triplicate with 1004 buffer containing 4nM °H-
E, alone or with 200-fold excess of radioinert k-
gand. Results are represented as Mean+SEM.

Hom(p<0.05) 1 o] e Fxoix zbe]r}
99 tHp<0.1, Fig. 6).
6. Ligand specificity2] &%

Estrogen receptor®} ligand specificity & &7
371 $idle] 2AFES H-E-23 20049
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178-E,, DES, T, DHT, E,, E; P4, cortisol 1]
L corticosterone & ollof zh7b vb-2A] A Abd] A
7 3eke Filgdck 2EAF Eo| 9lo] ERef| o
3} *H-E,¢] bindingS E;, E, E; Z.2]3. DESe
oa) Al = FE g thE steroid hormoneo]
olsl e 23k %] ekgkel(Table 1).
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Fig. 7. Saturation kinetics of *H-estradiol bind-
ing to estrogen receptors in frozen sections of por-
cine uterus. Three sections(5mm X 5mm;100ug/
ml protein) were incubated with 1001 of *H-E,(0.
25 to 256nM range) +200-fold excess of DES
(50nM to 51.2u#M). After incubation for 30minutes
at 23C, cover glasses were washed three times
with buffer and the bound radioactivities were de-
termined. Results are represented as Mean +SEM.
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Fig. 8. Scatchard analysis of *H-estradiol bind-
ing to frozen sections of porcine uterus. Six levels
of the bindings(0.5, 2, 8, 32, and 128nM) were
presented on this figure. The section-bound radio-
activity and the free count were calculated from
the total count of each level. The percent values
of bound count over free count were plotted
against the bound radioactivity. Two lines with di-
fferent dissociation constant appeared by Scat-
chard analysis.

7. Estrogen receptor2| saturation kinetics

=7 100pg proteino] ¢lo] 4nM *H-Eof 4
saturationS H.glow 16nMo]Aboll 4]l A
bindinge] Z7}3stg e} (Fig. 7). ©]-F Scatchard
analysis@t 7 32 Fig. 8¢ vtelIglel. Type

224 (Kd=0.09nM) ¢] 452 196fmol/mg
proteine] ¢ it type I 8 A (Kd=0.6nM)+& 1.
1fmol/mg proteine] Foldci. HAA 4-&
420 1.3fmol/mg proteing Rg.ow] o] & A
A 3l= A& hyperbolicd 8% ®.ic}

8. Estrogen Radioreceptor AssayO| 2|3t
o zF0lAel ERSES &H
o

3354 7lo A ] ERZ 417 ERRAZ 3 vl
welel Table 29 Lotsielch A7 AE o
dq9) A3 dreld JEARL o8
ERZA: A2 196, 275 1] 482fmol/mg
protein . 2 cytosolt) ERRA Zz}e]l 127, 151,
18] 3 289fmol/mg proteinol| w|3le] &
Fo norh =3 Hx AT AFY =
T % ol Hldte] @& ERFFE 23t

=
=]

3

| &t
WEAHE o] &3 ER ZAof glo] sz A}

TS AgE AFL3 S S5mmXx5mme] 27| R
trimming g} 232 & 8um-F7| & cover glasst 3
543 (100-200ug protein) o] A kol A Id}
Aoz velyteh o]& 7]&9 ERRAo|] n]d)

Table 2. Comparison of the estrogen receptor
levels determined by biochemical method with
those in frozen sections of rat ovary and uterus,
and porcine uterus

Frozen Sections Cytosol
Binding Binding
Tissue Sites Kd Sites Kd
(fmol/mg (nM) (fmol/mg (nM)
protein) protein)
Porcine
Uterus 196 0.09 127.0 0.10
Rat Uterus 275 0.14 151.0 0.13
Rat Ovary 482 0.40 289.0 0.36

Serial frozen-sections of porcine and rat uterus
were incubated in duplicate with 0.5 to 8nM *H-
E, and with 200-fold excess of radioinert ligand
(DES).
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279 APolL AYH oz Azuc =
Solg Razaolvh BAA |42 EREH
£ Fbssioha Azhe,

ERRA 9] 79 =2 endogenous steroids=
A 7371 $38led incubation}A Aol DCCet
db3 Al e, o] Alg A3 DCCr7 A9
o] FAE = whAwfo] Abgo] Erhss)
ek & AWo|4 acctoned AHEdhel AAR
F EA o3 dolugieh 24E ace
toneo| 20 HE H A7) Aoz FEJ
endogenous steroids=- #| AT 4~ 2] 9}

HAAZE Aga g JEAaolA
qe 23Ce Lxod A Ee 7
vebdich ol ERRAWMO| o] %
Z7ell e uk3A|Zkel 2-44]7F x.or} %J“
717kelm]  De Goeij(1984) 5-0] X33}
calfe] Z$-(2A7RT UL whE A 7hof
A7 249 4 298 wleh Aol 03
NG 33] o4 buffer® A "3 H o
1o} bindinge] © o] A 7 A4F A %
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o 2 1

of u2
M oX
ok ok

=z _ljl_o}. 3 7§E up B /(1]2-1 ].Ud

2 ek o
Nonspecific binding¢] 2 %% ¢ s} DESY
G && 43 E w) 100-10,000u) o] ¥ o4 SB
7}ﬁ°M}%ﬂﬂﬂ%ﬁ:ﬂgigm}mmA
AXZ 2008 Fxod *H-E,9 #do] &3
8 AgEle Aoz AlgdEch 223 R o
3 ligand specificity ] 2R ol] 4] estrogenol] 2]
S AT H-Egl SolAgol A3o] wheb of
ul o] 4} 2] ERA 8Fo] estrogeno] E-o]41-& 7t
£ gAY AFRE 2 2 g 9A4E
< ABE T Y5AHo| A9 ERY saturation
kinetics= 4nM ‘H-E,xxoll 4 X 3 A &=
Feovt a2 ojake] F7le] A th4] bindingo]
Z7}8le] 256nM 7k A] sigmoid curveE 1
2|3 B33 A (complex curve) & ¥.gth o]
=49 Az o2 §39 AF%s, = high
affinity, low capacity 2 zZ++= type 1 A &% 9
9} low affinity, high capacity & 2+ type 12
SR E s1A 4247} heterogenousd A =
Ageks FAE dehlls Aoz HE Lo
bahn(1985) F-¢] = #A-3vl ERe A7 %
A4 ¥3d ERY heterogeneityo] o3k
PHAE EAFsle AdE Alsdd. =3 7
types) AT HES FEF4S 9D
© 2 4 Scatchard analysisel] ]38 wlz A zk=

u&&*%ﬂm

T Qoo —.L typeol] 2]3} bindingg vectorial
summationdt 2 2 4 total receptore] 432 =
2 & ‘3;13 Ao & Lg% cf(Noteboom and
Gorski, 1965;Toft and Gorski, 1966 :0’Malley
and Means, 1974 ;Clark and Markaverich, 1982;
Rories and Spelsberg, 1989).

SR el AE raie) Ba Y AFL ARE
stef A¥R AL AdE A, dedddA
o] ER%% 717e} ERRAW ol oa 23t Al
ool $oe AABAG=0976)5 olo] F
Aol Yol Al A 44(Kd value) 7}
A ishe Aos wsie A, % 35
Holl A 2] ERZFAHo] ERRAS Fld 39

S4AE AT & 4 Urp =3 24 AY
ME e 2AAFE vlams] 2w WEAA A
o] ERZ#49o] ERRART} &2 H3 HE
yepdich o] olmlx= ERRAS 7% Aax
v] 3} & (homogenization and centrifugation) % &
A Fgo A mE 42239 B 9 &

Ao €15 o3 WE Ao w AE ek
oleigt AEE nEsl Euwl, AAAYT =4

= Aez AEd YEEHAM EREAY 2
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