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Immunohistochemical Analysis of Estrogen Receptors and Progesterone
Receptors in Leiomyoma of Uterus Compared with PCNA Index

Jung Ran Kim, M.D.

Department of Pathology, Dongguk University, College of Medicine

Estrogen receptor(ER) and progesterone receptor(PR) were studied immunohistochemically
using specific antireceptor monoclonal antibodies in leiomyomas and myometrium from same
patients from 38 women in various stages of the menstrual cycle, menopause and pregnancy.
Two postpartum uteri are also included. Immunohistochemical localization was quantified as to

intensity of staining and tissue distribution, and the results were compared with those of PCNA
index. In all samples, ER and PR localized within the nuclei of target cells. The histochemical
score of ER in leijomyoma was significantly greater than that found in myometrium. But ER

in leiomyoma was expressed in cyclic fashion(r=0.45, P=0.006), like as in myometrium,
throughout the menstrual cycle, paralleled by a concomitant, though delayed. In contrast, PR
content constantly maintained in myometrium and leiomyoma throughout menstrual cycle, and
there was no significant difference between them. However, leiomyoma and myomeirium of
pregnancy showed a significamt reduction in the amount of ER and PR localized. PCNA index
in leiomyoma(14.9 = 24.4) was also significantly higher than that found in myometrium(2.1+3.3).
The index declined throughout the secretory phase. The leiomyoma had increased PCNA index

during pregnancy, while the increasing rate in leiomyoma was lower than that of myometrium.
The growth potential of leiomyomas is appearently higher than that of myometrium under the
high progesterone level. The most of neoplasm with high PCNA index(10 above) contained

149)

absolute or relative abundant PR or ER content. Alteration of receptor comtent may be an
important mechanism in steroid dependent growth of leiomyoma and may provide information
useful in the clinical management of this neoplastic disorder. (Korean J Pathol 1996; 30: 140 ~
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Fig. 1. Immunohistochemical stainng for cstrogen receptors(ER) in the luie proliferative phuse, demonstrating nuclear
staining for ER in hoth leiomyoma cells(B) and myometrial smooth muscle cells(Aad. The imensity of reactivity for
anti-ER in leiomyoma cells is stronger than that of mvomerrial cells. > 200,
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Table I. Histochemical score(HS) of estrogen(ER) and progesterone receptor(PR) in myometrium and leiomyoma

ER PR
Leiosn yorma Myomoetrium Leiomyoma Myometium

MNumber HE Numb-.:r HS N |:4T'|Ih|;*.1' HE MNumber HS

of case of case of case of case
Early proliferanve phase 7 B3+E21E 7 aR5—271 i Jhe+ 932 7626t |7.1
Latc Proliferative phase ] J22+ 198 10 FTEZ250% 10 T 125 10 777+ 56
Early secretory phase 5 5001225 G 450x17.8*" 5§ R20— AR 9 A614241
Late secretory phase 5 738+ 77 8 54,2 122.4% R THH+ 104 B 733-162
Menopause 3 714+ 138 5 53491 37¢ 5 TiE+ 42 s J716=19,]
Pregnandcy 3 325 L2007 5 J45+34.1 3 3281 o 5 BII—196
Total 38 65.7+205 41 525+£241% 33 TETHI00 41 73T 16H

‘meun +50,  ¢' P<0.01 bused on Wilcoxen Rank Sum Test, **P<0.05 based on difference of paired T-Tust
TPa0.l base of Wilicokon Rank Sum Tost

Fig. 2. Tmmunohisiochernical identification of PR i same paticnt of Fig. 1. Nuclear specific siaining is srong in

myomettiumiA) and leiomyomalBp = 200.
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7hbd oo (#8204 8.8, 795 1104, mean+3D), 3414
ofl sgAbalel] & dsshe ol g ’RI3+ 196, )
ZT-F S2.R- 6.6, mean | SD)(Tablz 1)

3. ERT} PR d

FRE 2} PR=[2] vl F4bito] 0B6L24, meanl
sDo|up HETXo s 0903, mean—SDE i
T Foll4] 2ebzh pabchP<0. 1), FERPRE n|8 2174
el wE i BulEA gAATel A 0T H0E,
mean+ 8D, HH-TEoll4 0.9+0.2, mean | 5D R 2
FFA ofd FeehP=005). oo A Al
ER/PR E#lel o7} ALM7+06, meant 5D
aked 04102, mean=50% 2% vlE Mg
(Table 21,

4. PCNA LM

PCNA sFA % A zlgae dasq]Ee 4
ol FE cEA atdselen] AFEEE PChA SR
AL Wl 1494244 meamn+SDo T X FET
{21133 meanl SRk F2)&A gtchP=0.00
{Table 3, Fig. 3. 442FF52] POCNA gbidel 42
el Z=alxe]] 141032, mean ! SD, 54 7)o

0.5+ 0.5, mesn+50, 28 E7[e]] 62+4.5, mean L 5D,
Bu)FEr]|d] 29140, mean L SDe Z 54 A Hoh It
H] Zlel] S-oapr] moo] BEH| RS« sjE 29

Table 2. EK/PR ratin in myometrium and leiomyoma

Lesicanyoma My ometrinm

N Ratio Number Ratio

of casc of casc
Prolilerative phasge 17 09E03 17 OEZE0S
Farly secreinry phase 50 07+t01 6 (LR+{LS
late scorctory phase® Ro09+072 E 07+03
Mcenophause 5 10x02 5 DEx0l
Pregnancy i 04x02 3 0.7x048

Total” 38 09+031 41 DBR+24

FER/PR~-Talrogen recepiorfProgesierons  recepor
mean + 8D *P<0.05, "P=0.]

(PUs) WG HFall M= FAE| ol 40+40, mean
—8D, AL e 2282363, mean £ 50, 2] 2 )
|38+ LikB, mean=S8D, 1|37z 82+7.3, mcan
—Spog A AgEEl ez EelRAe] PCNA
A7F 7R ke, S4FE7E Algs g2os
oAl A FajabA =ehvhiP<005Table 31 g4 A el =
Harwlg el 353145, mean FEDE R AT ol
& TAE Hiler] HHTEHdAs 167124,
meun T~ S0 -27RE] o] 9ledckTeble 3, 410 5H|3EF]
o = FwkA PONA E sl Geiwpsliood g4l

Fig. 3. Imnunahistocheteaen] seain-
ing for PCNA demonstrating nu-
clear swining in lelomvoma in
prodileralive phase, same paticnt
of Fig. 1. =200,
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Table 3. The mean count of PCNA positive cells* in
myometrium and leiomyoma

PCNA Leiomyoma Myometrium
Group I!;Ifn:m:her Count r:?zaher Count

——

Early proliferative phase*’ 7 4.0+ 41 7 14+32
Late proliferative phase*' 10 22.8+363 10 05+05

Early secretory phase*’ 5 138+108 B 62%45
Late secretory phase 8 82+ 73 8 29%40
Menopause 5 291+374 5 10X135
Pregnancy 3 167+ 24 5 55%45

Total** 38 1494244 38 2.1+33

*The count in ten consecutive high-power fields, mean
+58D, *'P<0.05 based on Wilcoxon Rank Sum Test,
“p<0.01 based on difference of paired T-test, PCNA=
Proliferating cell nuclear antigen

Alell e A4l Eel 4 PONA FA A E52] 27156
vjatel ddHes @2 oHEE B =777
= PCNA #F4&o] 1.0+ 15, meantSDe i FA%
TS Heleong AFSFS 2911374, meant SD
2 oHqlakrE Asled gk oMz Folbsle] gl
(Table 3). <5 H3#TFolA = 7Hd7), "7 4 <
A 5 EE A7l PCNA ok4 Eel] felsiAl &7t
staler ey G 7 e JgLE2 AU H At
o $ A4 PCNA ekad 4| £57) 5ollF dadlofl= A&
s A gEskend 2eflel M= vl 2 YHEE
Bk

PCNAZ 2] H&Hrn AdalgdS Aol Aol
HAdsh #Hat aae|(Odds ratio)7} 7.759 20 PCNA
z 7} 10 o]4bel A Selli= byl 12.60] 9 cHTable
5). #etEe] PONAX 7} 10 o] 4bel 75 1407
S4717F 1463 26d1(14.3%), Hu|F7]7) 8ol 74|
(87.5%), #7777} SolE 2a)(40%), 2]414lelli= 3o
Z 3o)(100%)50cl. PCNAZF 10 o] 4ke]l S =ak
Zoll4l ER % PR27} FA4Te] £22p wmspd
A4 wElE Bglow ERAzE o$ =3 PRE A
o] A4 wlglel 7% 14, ERA|7F Fa PRAZE &
2 7§ 20|, PR 7} Wil F7hela ERZ 7} H A
2ol 25 14, PR 7} FAsln ERx7E A H S
ol 7= gof], ERZ 7} fhaeban PR 7} 2714k 2§
7} 4e|®2 Al ER =] PRI 2] 43 BEFEE W
v} = djde =@ Fol4i= ERX 7} PR ul}
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Fig. 4. ER histochemical scores of leiomyomas correlated

with that of myometrial cells, paralled by concomitant.
r=0.45, P=0.006,
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Fig. 5. ER histochemical score comesponding to leio-
myoma which expressed high PCNA index(10above).
r=0,66(r'=0.43), P=0.015.

o] ArH oz oS EHUHB|)r=0.66)(r'=0.43),
P<0.01)Fig. 5), PR=|7} A8 e g FSrH5«he 2
$-Folglel.
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Table 4. HS of ER and PR expression and mean count of PCNA positive cells during pregnancy

ER PR ER/PR PCNA
Case Remark
Leiomyoma Myometrium Leiomyoma Myometrium  Leiomyoma  Myometrium  Leiomyoma  Myometrium

1 53.5 67.3 00.3 53.5 0.45 0.94 25 16 4GW
2 32 69 80 73 0.59 1.25 13 0 SGW
3 12 38 T8 96 0.15 0.39 12 36 24GW
4 —~ 0 —~ 9% —~ 42  Postpartum
3 - 0 - 96 - - 3.6  Postparium

HS=Histochemical score, ER=Estrogen, PR=Progesterone, PCNA=Proliferating cell nuclear antigen weeks,

GWe=Gestational weeks

Tahle 5. Comparison of PCNA count™ to lelomyoma vs
normal myometrium

PCNA\No Leiomyoa  Myometrium O.R
0~4 16 3 1.00
§~9 8 3 4.52
10 above 14 2 12.59
Total 38 41 T.75
(2.19~30.57)
P<0.05

O.R=0dds Ratio, No=Mumber of case, PCNA=Proli-
ferating cell nuclear antigen, *The count in ten con-
secutive high-power fileds

i &
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HaTEd 4= ERTF PRE 5 A 28
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AFEFAA ol AER ] E(estradiol) X 7} A dALF
+Ho 46 =5idm sgled F =2EF Ao
off ol ~E 2 #1323 wl sucrose density gradientsol]
A FAel= Zelrl gldsidda olzgt Ak
ztol= ER2] Fx2| 2ol 7|¢l Hoba wpgict
ERE #lH7] 9 71317] ofdella BF HdAgS
off vlsle] F2lElA 2 EREHE HIPE Holdt
HAF7d o HIE P LA
e wE] BeldFErle sl =2 A E Bl
Pollow5 & A28t TFolA ol AEz}r]-S{est-
radiolje] of| 2 Fiestrone)2] HEPE = fo] Sohal
W e]Ze] FLAHg o LERZANO &HHF EY)
Avt, & dlAERATFe] ERY PREFEHE FE3)
o] AFTEdA] dlAEZANe] 2 Az fAE
7he4de] vl #ged, o/fl AL HUAFTEE
the =4 § AdATSdA e ERAH 7Y il
o] F7) o] ER2] WEe] Frleles HE AH9E
gleb #k2lch % KawaguchiS & M8 1Fol|4] ERE
A4 WU Fu| 7)o A s Egc s selch ey
o] =R HAF7E v 47 9 HulAm
Tretgen, e FAH E4 o /o4
& #HA#A ofgkch = Wilons'E PRA 2] =%}
AFTHolA FeiA Eobsidoed O’ 9
Kawaguchi's"& §2l3F 27} gickz #gch £ o
TAAME HEEr Ao A AYH A
5 Hedea}, #al2 Halipaired sample method) &
o] ale] HAY ZHat ERe LHATAE Fo
zle|7h Has|gl et PRE] Sl fold Aelr)
qigick. ER2| Z¥ 2 H4dAgolM Heles Hid
HE2] EZF7)0l mE Wizl HETToHE A
5|3 glch. FHaTFoll 4 ERe| Ipb# s A3
o7 ZRAAE|E2o2E ERS ¥EE Y]
cHels 554 545 shAlsiy ZnY o ER
o] BEE <A77 Sl s ke] TEAA
Bl 2271 ©asiche HE& galdich
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(Table 3). o|Z 2 B3pTFo| AFEch Frf kel
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2 97337 9 4ol wE T gl MESE
7ol gle MlESse Zzhe] Fchkodld w2 X
o]l & Mgk ¢4 al REu|Ereles FAdAFlAE
MEZ7| el Q= HEF7 Folabd Evhsbsich
olgl Atz AFe] FHAITHNEES F47|9] oAE
2A HEell M 25 MESFFE SelvbEgh 2
77t ZEALMES] fFFE Jodd Fobgces A

£ ovlst wlFEFE ol AETe] Elesiradiol)o] R
ALEE EAE FEATNE FA70 A2 99
=N
Y7ol EREHS] 4y e #ztsEe] o
THETe dREE Adeg gagaze x4
ZHEXE 58 F+ A ER9 8 S T4
e E AlAse HETEdld Ee|xy] g el4l
Al PCNASEY Bo] 429 Z7tel] vlebwd 44
o2 g F7hE EUdE 58 S AAEE e
TFe EE 22%9 Fad HEH TAE o|F
He s A5 9k Kawaguchis & 24l 1] Lu]7]
o] MEELGF7 Frhghdn shglew KawaguchiF”’
2 AFtH HEIFAE 254 Ki-6TE 43
At o7 Bt 1414 sk HEerr Srbeld, w|
A7l FAAMES PR Bk o B
A-tllde 4 A 77 o498 HaTFodlA
PCNAZ] 7} f-2l8lA] S7lEle] slgdoo] =7 7«4
= 2ddjef| 4= PCNAZ|7} o Eoich HEIE9
A5 dPF7 s 277} FiEA g FohEE
ol Fe] U= AE vl =7 7] & PCNA
25 el AL Ahy 4 glog ¥ ¢ g2 o
T7F Al E|ojop & Flog A7hx|Qic

i PCNAGAE o] ol &2 7500 )i
T4HEH olgd FE FuHFE7] W 479 FE
2 HEF 9 ER 2 PRA|7E Aol ulsbe] of
% Z7ktelAd PRe] fhisle] o2 ERel
718 F54t olAE HPTEHW ERolY PRE
Z7h7} el2ERA g Z2AAHES] T4AHI F
Hhsle] 82 43-& FAE »a4dE A4
Kawaguchi® & AFTFAE o H4ygs 4=
5 uloksied HEES] gy E HAY Hn =2
ALEE stSos HEIAFAEe] A3 BE9E 2
o] He ofveta silck. 8 Tamaya®s "2 PR
ol it ER2] w|7l #HdzlFg el wlele] HEIF
oAl f2lstA Foia siele £ el =
A7) 9 7e)7] ke EEella AHAALF el v
o] FE £AE E9x Hel® Eu|Erlede A
FEA oA Esiek ey 1446 = 33
Aot chTable 3). 5, HETEHE o 2ER2H 9 =
2A2EE 59 ofgg Yoo JiEfe] 2
27 F, vh4m9] ‘o] kAU AlF|ol] daksln ]
A7 olx F ie] ~u|Re|=vt FhAsd #HE
=9 Hddo| EFHoeg AREHYc) 2Eh) HE
o] ofgA Ful7] g9l 144 AFE 9 AFHY
TFe] MEFZYE] HESFE ST Al o
i F|HE e o gl fx|ofof #l}



148 cjabweletaa) ;430 W A2 5 199%

o =

AFAAzo] AR AFTF 3sddlolly A4}
F23 AFEFe o=z wyog ER 3
PR2] ¥ HEE YHF7, 4737 9 ¢4l w8
Wil THaslgo) = ER 9 PRE HFH-E <dag
ZE 9l =% BEZE olfsled wby ek} g o
A5 PCNAX| 8} v srslgdcl.

BE =4 ER¥ PRE A 4|Ee] o4 3
#=lglet. ERe] EHE AFIFANA F5 AT
Belp goztal F7bEe] flslen AgtdelHE
AFolA g vtz J@FA o S F714
2 HelcHr=045 p=0.006). e} =AFEEeHe
AFEE vsg F7] ks Bk okzk Ao
Heol g2lglel PR £92 YUAFIE Sl AT
7 AFEF B ALEglen AFEN TF
Atolof] 28 A5 PEY 5 gledc Teg g4
Alefl= AbF2E2] ER 3 PRAE|7ZE F2lubA| 3Fas
o qlgich

ZgF 9 PCNAZE #HFZel ulsle] F7}=e]
dres WA FAF FY7G sk w7l
FiEle] glslch Y417« AFEF2] PCNAZ =
Z7hEle] slgl A g AF2edl vlsle] diHen @
< 4 EE ¥ AV dE BY AFd
PCNA ok Eo] 33 Friasadxg g5
Ae iz Svk=lo] gl F, AFSFe S4
e ZaAdadE A7l 55 AL AFT 9E
of motch el ofual PCNAZ 7} obf =& A%
(10 o]4hE £4&b #AF %< PRy ERYE F4
g el dldhe] 48 FFEE Bl

HEHNog o ~AERA W ZZAAHES T
£2| WA Eol A} viAsAE FEEFE] 4
el £ o §E Fobar PeiAw, vA4H ER ¥
PRE| wo| ~B|Eeo|S Efol g glitEel] #
38 FruFeoletx AzhElgel o] Hal= (1
Hog o kg 2gscd Fa AE7 H A
o8 Aa=glc

& 1 B #®

1. Wilson EA, Yang F and Rees ED. Estradiol and pro-
gesierone  binding in wtering leiomyomata and in
normal wierine tissues. Obstet Gynecol 1980; 55: 20-
24,

2. Hsueh AJW, Peck EI, Clark JH. Estrogen induced

10.

11.

12.

13

uterine responses and growth: Relationship to receptor
estrogen  binding by uterine nuclei. Endocrinology
1975; 96: 160,

. Nardelli GB, Mega M, Beriasi M, Silioui F. Estradiol

and progesterone binding in uterine leiomyomata and
pregnant myomeirium. Clin Exp Obst Gyn 1987, 14:
155-60.

. Otubu JA, Buttram VC, Besch NF, Besch PK. Uncon-

jugated steroid in leiomyomas and tumor-bearing
myometrium. Am J Obstet Gynecol 1982; 143: 130-2,

. Soules MR, McCarty KS. Leiomyomas: Steroid recep-

tor content-variation within normal menstrual cycles.
Am J Obstet Gynecol 1982; 143: 6-11.

. Kawaguchi K, Fujii 5, Konish I, Iwai T, Manbu Y,

Nonogaki H, Ishikawa Y and Mori M. Immunohisto-
chemical analysis of estrogen receptors, progesterone
receptors and Ki-67 in leiomyoma and myometrium
during the menstrual cycle and pregnancy. Virchows
Archiv A Pathol Anat 1991; 419: 309-15.

. Kawaguchi K, Fujii §, Konishi I, Nanbu Y, Nonogaki

H, Mori T. Mitotic activity in utering leiomyomas
during the menstrual cycle. Am I Obsiet Gynecol
1989; 160: 637-41.

. Mathews MB, Bernstein RM, Franza BR, Garrels JL.

Identity of the proliferating cell nuclear antigen and
cyclin. Nature 1984; 309: 374-6.

. Lee 5H, Hurwitz J. Mechanism of elongation of prim-

ed DNA by DNA polymerase delta, proliferating cell
nuclear antigen and activator 1. Proc Natl Acad Sci
USA 1990, 87: 5672-6.

McCarty KS JIr, Miller LS, Cox EB, Konrath J, Mc-
Carty K5 Sr, Estrogen receptor analyses: correlation
of biochemical and immunchistochemical methods
using monoclonal antireceptor antibodies. Arch Pathol
Lab Med 1985; 109: T16-21.

Tesch M, Shawwa A, Henderson R. Immunchistoche-
mical determination of estrogen and progesterone
receptor status in breast cancer. Am J Clin Pathol
1993; 99: 3-12.

Press MF, Udove JA, Greene GL. Progesterone recep-
tor distribution in the human endometrium: analysis
using monoclonal antibodies to the human progeste-
rone receptor. Am J Pathol 1988 131: 112-24.
Snijders MPML, De Goeij AFMP, Debets-Te Baerts
MIC, Rousch MIM, Koudstaal J, et al. Immunocyto-
chemical analysis of oestrogen receptors and proge-
sterone receptors in the human uterus throughout the
menstrual cycle and aflter the menopause. ] Reprod
Fertil 1992; 94: 363-71.



14,

15.

16.

17.

18,

19.

AT g8 FIHoA e AERA FRAe} T2 AAME TEM EHel g A

Tamaya T, Murakami T, Okada H. Concentrations of
steroid receptors in normal human endometrium in
relation to the day of the menstrual cycle. Acta Obstet
Gynecol Scand 1986; 65: 195-8.

Lessey BA, Killam AP, Metzger DA, Haney AF,
Greene GL and McCarty K3, Immunohistochemical
analysis of human uterine estrogen and progesterone
receptors throughout the menstrual cycle. J Clin Endo-
crinol Metab 1988, 67: 334-40.

Pellikka PA, Sullivan WP, Coulam CB and Toft DO.
Comparison of estrogen receptors in human premeno-
pausal and postmenopausal uteri using isoelectric fo-
cusing. Obstet Gynecol 1983; 62: 430-4.
Khan-Dawood FS and Dawood MY. Estrogen and
progesterone receptor and hormone levels in human
myometrium and placenta in term pregnancy. Am J
Obstet Gynecol 1984; 150: 501-5.

Tamaya T, Fujimoto ], Okada H. Comparison of cellu-
lar levels of sieroid receptors in uterine leiomyoma
and myometrium. Acta Obstet Gynecol Scand 1985;
64: 307-9.

Welshons WYV, Lieberman ME, Corski J. Nuclear lo-

21.

22,

23,

24,

149

calization of unoccupied estrogen receptors. Mature
1984; 307: 747-8.

. Mizolle M, Menten Y, Casanas-Roux F, Mathieu P,

Wyns C and Donnez J. Immunochistochemical analysis
of estrogen and progesterone receplors in endome-
trium and peritoncal endometriosis: a new quantitative
method. Fertil Steril 1994; 62: 751-9.

King W], Greene GL. Monoclonal antibodies localize
estrogen receplor in the nuclei of target cells. Namre
1984; 307: 745-7.

Ferenczy A, Guralnick M, Endometrial microstructure;
Structure function relationships throughout the men-
strual cycle. Semin Reprod Endocrinol 1983; 1: 205.
Murphy AA, Kettel LM, Morales AJ, Roberts VI, Yen
55, Regression of uierine leiomyomala in response (o
the antiprogesterone RU 486. J Clin Endocrinol Metab
1993; 76: 513-7.

Kawaguchi K, Fujii 5, Konishi I, Okumura H, Moris
T. Ultrastructural study of cultured smooth muscle
cells from uterine leiomyoma and myometrium under
influence of sex steroid. Gynecol Omncol 1985; 21:
32-41.




