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Abstract

It is estimated that there are about 2 million patients suffering from endometriosis. It is no exaggera-
tion to say that it is the most common disease that obstetricians and gynecologists encounter in their daily
clinical practice. Endometriosis is more common in women of reproductive age, and is known to significantly
reduce the quality of life (QOL) of women, mainly due to pain and infertility. Modern women'’s lifestyles,
such as late marriages, late childbirth, and low fertility, lead to an increase in the number of menstrual peri-
ods in a lifetime, which poses a risk for endometriosis.

The pathogenesis of endometriosis has been studied extensively, however, remain unclear. Estrogen
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dependency and progesterone resistance have been the focus of attention as endocrine factors involved in

pathogenesis. Local estrogen production and abnormal expression/function of the estrogen receptor, lead

to the development of lesions. On the other hand, impaired responsiveness to progesterone results in

increased estrogenic activity and worsening of endometriosis. Here, we introduce the latest findings on the

pathogenesis of endometriosis and novel therapeutic strategies from these endocrinological aspects.

Key Words: Endometriosis, Estrogen dependency, Progesterone resistance, Aromatase, Hormone therapy.

& U & (£

FEHNBSEDORRH - HEBIZAZHS 22 Tldk
WS, BREMRICRINIC®ET A2 &, GnRHT
TR MEFEO L) BT A bu sy VEREET
X ZDOWRENEMTHIE, BEDLLTEMNE
JEDST A b0 ARAFEIRBTH 5 2 LI #E
W, FEEMRRICB U X bu sy o
EARE S ASHEINTEY, 5T A
07 v mRE A LW Y 7 VB O
AR ENTWSE, $72—HT, FENE
EHRRIE TS AT VIRBETH D EE LS
NTW3., ThEFENBREREICBITS 70
FATHE T RIREEORTIZ L - TESR

ENMb. bbb, KRROIEFETFHEHNETIET
0 A7 u B & P A EH 2 AT
BH, TENEE T Z O w23, KR
FNZHER 2779, ARTlE, 75 NBERE IS
BUS [mxbur VK%l & T7arxs
o VRG] o2 5ICER L, B NBYE O
W - JHRETERAC BT 2 Bk & L Wik o
RO W TS T 5.

FEABEEICHETZIX OS> &EHE

1. FERBEEICSIAIZAMOF &K -
HERORE

TAMar A - AR E IR,
IAMNTF IV AT O— D KRR

s 1

aLZFO0-)

l | StAR, CYP11A1, CYP17A1 |

DHEA=—> 7> ROZF>SA-I

7YRORT>SAY FANZFO>
/////’ ] 709—t \
||
OPR) | —— @iy T & @A
HSD17p2
b v IR}
Fios REmER |  ES

DHEA: FthOIE7>RORFO>

IS Ny e R~

TUFEERRE 131(5), 2022.



TENBSEE AT T4 FRVE Y 379

FICEVEARINLZ EPMSNTEY, &
IZStAR (A7 a4 FEEAHRKE T ¢ steroido-
genic acute regulatory protein) & 70~ % —¥
EWVI) 2ODEELMRENVHEbD > ThH. StAR
AT A FRVEVEAZRE THDHEIEB L
CHRTHEALTBY, TEEA2LSWINS
FSHRLHIZ & ) RUHICSHFE s, 2704
FARVE VA ZAENICHE L TW5. StAR
FIER FENBICIE LT, 75 PBAE B
WCEEBEL TV ZEPHEIRTHDLY, —
¥, Tauxy—¥iE7rrury (7rrox
FUVFVETFANATOY) BEENEFNRTA
rayy (mAtary (B) ETANT VG —
Vo (E)) (A 2RELTHMLbNS. TH
~ & —YidFE L LTINEO BRI /AL,
PERRAMC S I, FLBR, BRBE, Wi, EEZR LI
BT B, FE NIERER HEARR IS B Tid, 1R
FIFENBEI)IABICEEHL TV e
L OMFEAER L VLIS TNS?.
—J, HSD17 f 1 (17 f-KEELA T a A K
KEMZRIA) I7u~v sy —BIZLDAERSIN
7eE % X0 AYFEETE OB E ST
FTHA. HSDI7 B 213 FDWMDEH %2 5
ERHMBLNTWS, T, TR basy Vi
7 EOFRMHRETIEZORBGH A dar s
WHEEZRERVESH B WVIFES & LTHAEL
Twb, STS (steroid sulfatase) 13 Ei-S % ik
BIE ST 58ETH Y, EST (estrogen-sul-
fotransferase) (EIGHAIE & 5 W I E: %5 E-S
R E-SIZEW S 2 EH 2 fifit§ 5. HSD17 B 1
e ABERRE (DIEWA %2 &) TIEWT
FREL D DEBEHL, E—EEEEEEZ RS
ZENWMESNTVDY, —T, 7B PBELRE
2B 5 HSDI7 B 205BUI>WTIEGDE 2
5—EDRIFEHE TR, STSIE T 5 PIEE
R THRAEB L TB Y MO ERER L M L T
WAHIZEIRENTVEY, ZOLHITTEHNE
IEMERIICIZS F ST oMEOBHIICLY T
A bugry, b ICAEYFEEO W E A3 5
WIEE SN TV A,

2. FERABEICHTBZIX OS> EERBHIE
%
FRIORLBRoRTHicTrY Y — ¥

W7y FaryrbT A huay JICERT S,

Wb b AN Y AA RO B R % il
LCw5h., 7avxy—YiIz A tarrEls

BREDTHEDDTCEELBETH L. TH

WIEIER RSBV TS F S ERRIEET A 2

4 (INF-a, IL6% %) 2SFEINRTEY,

JRHE D JAE KIS % ZHET 5. TNF- o R IL613 T

HNBUE AR T e ¥ — B %

TS 2 2 EDMBLNTWEY, Tavy —teE

BRI X ) EESN-RFIEREOLZ by

I COX2MERIGEEZFHEL, SHICPG (T

R TT T4 V) B AT, BIIRLT

StARR 7 0<% —E¥DFBUIPGE: I & » TH

HICHWRT A2 MO NTwE, #E, =2
M VIZZA NS URERENLTTEN

JEDBEGE 2 RHET 5. 2O X 5T B BRE R

HIZBIFsa70~ Y —YOREERIIL, RT

D JAE OGS R MB R Gl % R L& 5 DA% 5T,

FERAE U RIEWET A M AL VICX VTR
barrEEIIMREEINS. T 4bb, TAMH

7V gAML SES Y ST A b a sy

PEAE &\ o ZHIEFEERY A 7 VORI I

TWw5A™ (K2). SF-1 (steroidogenic factor-1)

FIRE R R B E ORI O %E IS

A =77 IBNZFRE L THILGNTED %

HMBEICBUI D A7 04 FARNVE VERZBER

IR L T b, FEABSEICB W TS SF-1iE

ERBELTBY, Tux ¥ —¥RPGE 2FHH S

L% EEREREHERZ-LTWA, bivbh

FINFE TS, SFF1D X)) BENZERL ED

WY (3727 FN=%—) TH5HPGCla

WZHEH L, #F9e% # T L C& 7. PGC-1a 1395

BB AT7Tuxy—BERBB X ORE

AEULTBY, BEEHsELT7TEY Y —

Yosdl, mEEE, BREErEhZh A

THIEEWSMIC L. Tl LRk

HEVEY A+ A 4 >~ TdH 5 TNF-« H'PGC-1a 53

ZFHEL, PGC-la A L 72BN DURIE S

729 PGC-1a 2533 HeGE % Bl 5 1k

FFEERRE  131(5), 2022.



380 #*

EWZoNT, VT 2TF—E¥T vkA VAT

L HWTIRE L E 25, HX531 = ik &

e LT L7 S SIARMLEWD T3 MR

SEAIIE O WEREE R SEF 2 WM T 2 2 & &

HHEPIZLTBY Y, S%OfEs -7y b L
LTRSS (K2).

3. FEABEICH IR I MOS L IREOHE
BHEEH
IAMRTFVIETZA MY V2R RENLT

TOEH & 565 5. IBEMEA T4 FhvE

VTHAHITA U IS & s LA N
WCAYD, A basr vZEE (ERe RERS)

LG L7, BN TRE DE{RT O DNARLS!

(ERE: estrogen response element) ZF& L Z®

BIZT OWRE % FREf ~ 5 H 2 TRET 5.

Wb W L HIEER (genomic action) TH 5.

—7J5, TAPas IIEEERIC R CER - K

JEH M BN THEY, non-genomic action & L T

HEHENTE . 2hwwz, BNZEIRTH S

ERIFBEND A7 & HIEEIC & /AEIZ 3 5 16

PEDSTRENT &7z, 7B G EH IR =

BHeE BT W72/ RE LGREERR I
tm.$ﬁfi%n%nwlzbnf>§§%
DFEBEBRIZOWVTHNT 5.

A) A bor K (ERe L ERB)
EETFENBETIZER« 2'ER B XD B AR
FHEIHLTEY, ERe DSEISHINLSE5EEH %41
ILEINTWwD. —F, FEHABETIZERe D
7"‘},@ IIEHTFENEE ERTHEELTEBY, ﬂ
WCER BEFHH L T b Z LD B A
hfv‘% AR, %E.WBE‘:W%H%@&P)?TEM%
AL, SIEVEFDSER B &AL TIREE NS Z
EDBHLMIZENZY., TOLIICERL =Y —
7y b & L7IREDFE IR L0 3 2 TG
e LTHEHESRTWS., bhibhidA V75
RUYPLA by Yy 2BROEGT7 T P T
HHTLEFHL, ZOHTHDRIA (Daidzein-
rich isoflavone aglycone, 4 ¥V 7 7K ¥4 7)
AN D, FTENBIEOEEY A M4 v
RT7TUR Y — k"fﬂ/ﬁ% AR IHT A %
RL7z. SHICTFENBEREET VI 7 AT
DRIA % I JH é'&é EERIERREAME T L7z (M

HIRTH 5 GPERIZE, MR /MR TE2 &4k W, ZORPEEZITT, BIKZE Osf oy
FEPIREAER AR HAE
/ ~— S

N
REHESA MY (TNF-atIl-6m8) 4

PGE, 0 <

\

oot |4 [

7RO

cox-2 4

1 HERILES

£

IXNOTZER

IAMOFVESE

> TAMOSY

K2 TEPBEAERE A = X A

TUFEERRE 131(5), 2022.



TENBSEE AT T4 FRVE Y 381

MFZE) ZF T L7z, (1) 20520 © 45 ARim D
TENBEERNEER Y HT 5, (2) AR
234, (3) Visual Analogue Scale (VAS) 2.0 L I
DR EFRLI TS, 4) Til#EkEH
HExhhwBHEESFHRELT, 77)a 84
V7 IRV ENMBEMZERTERICL DR
L= (1H30mg) #4747 AMES Lz, 3%
FEAGIE B (XA BT 2 O EE R R, BIRIEE
I H % Za 0 4 A2t (RIS S0k CRHm)
& L7z (R w2 B 27KE ERB-C-1202-
D). %5847 JHFEE L7217 8120w T
L7k Z2h, FEBXOCHIRWEHMEEE IO
TRIEER 2/ REFT—%). ZO#R
2T, BUERRRE L ERFRF B X OB
BEREIZ B W TR ERRRITZE 2 ERirh Th 5 (X
3).

B) GPER

GPERIZ-DVisk, W%, Baig, Bz Eolze A
EORMMNAFAE L, MR T 2% BN/
WETH LR TN VB ORTBI S
A, EETIZA MY LG L,
MAPK % PI3K 72 £ D ¥ 7 F MzERE s & 16 ML

ERPREAZE (J{1/Ov MiAFE) :

FENBERE Y IREMIER
HIUAN (PHVISEAYISRY) O
A RS

(IRB: ERB-C-1202-1)

) 4

v BiEmlE
v AR

-

¥

WERKMAR OFtRenReL_E5RIGHRMER) 2REH,
B3 AV 77K 7) X2 P OFENBUEGRBLIAHE L L ToOThENE

L, W7 R b= A% M3, ERZA LA
WMAEH L D bR WEHZ 23 5. TENEE
MMTIRIEETFENEEL D) DERIAL TS
LENDZBZEDEHRERIIOVWTIRSGDLES
T RBWA . bivbitid GPER OB HE
ZMEET 5720, GPEROT I=Z FTH 5 G-1
ZHWTERZIT-72L 25, GPERIFELEH
TR =V AZRFETLILEEZRLTNRS Y,
GPERDSFENBIEICE D X 9 k& & %72 L
TWbHDN, SHOERZRFELO.

FEAREICE TS
O 2570 R

TUHFATHZTA AT U &R
TENBERBEH 2L, TENEO S
(BiEEAL) 25T 5. Thwz, TurxF
JEH LS TENBENOA HES ST
Wz, RO ar 25 BHITH LY A
F (DNG) Z7u% A5 0 v 2B 5558
PHEREL 7 v Far A2 RS hnwa e %
FEf L 5% . DNGIZHEIN R I HEp% e 2 Jpiil L
TENBEMBT ZHSELILPRENTS
D, TNFETOL L DEFRRERTEOREIHE

IZAMOS>

1YI51K>
(DRIASs)

!
— -

IANOSVEE

7III?9 ‘E

FFEERRE  131(5), 2022.



382 #*

AINTWDEY, ZO—FT, 7ur A5 v #
HDBENTHRO—HOEBEREIFET L E Vo
7eERRITEE SN &, 5 PIBLE I BEAL AR I 5
wWT7urAru ik (PR) 70727
OO FRICHATET AL DIBEEELET
(HSD17 f 2, glycodelin, TOB1 7% &) DA
KFLTWBEEW) ZTRETORELS ", F
FNBUERBIERICBWT [T 75 A7 u Vi
Ptk ] OFFEATRIBENTE /2. F/2PRRZFD
INEHRT-ORBULT O A% 53, PROGMERHE
MBI S ¥ S 2/ R I (SRC-1, HIC-
5/ARA55, RIP140) ¥ ¥ ~Xu Y HHEHKZIZL
W& L7-HERF (FKBP52) 7 & 5%
ZFHIEFMOENTEY Y, 29 LMK
FORFED TENBREICB TS 70 r A7 v
PP G35 2 LRI EN TN S,

X

1) Attar E, Tokunaga H, Imir G, Yilmaz B, Redwine D,
Putman M, Gurates B, Attar R, Yaegashi N, Hales DB,
Bulun S. Prostaglandin E2 via steroidogenic factor-1
coordinately regulates transcription of steroidogenic
genes necessary for estrogen synthesis in endometrio-
sis. J Clin Endocrinol Metab 94: 623-631, 2009.

2) Kitawaki J, Nogushi T, Amatsu T, Maeda K,
Tsukamoto K, Yamamoto T, Fushiki S, Osawa Y, Honjo
H. Expression of aromatase cytochrome P450 protein
and messenger ribonucleic acid in human endometri-
otic and adenomyotic tissues but not in normal
endometrium Biol Reprod 57, 514-519, 1997.

3) Mori T, Ito F, Matsushima H, Takaoka O, Koshiba A,
Tanaka Y, Kusuki I, Kitawaki J. Dienogest reduces
HSD17 f 1 expression and activity in endometriosis. J
Endocrinol 225: 69-76, 2015.

4) Purohit A, Fusi L. Brosens J, Woo LW, Potter BV,
Reed MJ. Inhibition of steroid sulphatase activity in
endometriotic implants by 667 COUMATE: a potential
new therapy. Human Reprod 23: 290-297, 2008.

5) Velasco I, Rueda J, Acien P. Aromatase expression in
endometriotic tissues and cell cultures of patients with
endometriosis. Mol Hum Reprod 12: 377-381, 2006.

6) Tamura M, Deb S, Sebastian S, Okamura K, Bulun S.
Estrogen up-regulates cyclooxygenase-2 via estrogen
receptor in human uterine microvascular endothelial

TUFEERRE 131(5), 2022.

b U (I

[FENBEREST 2 sy VARGEERETH
%] ZEREBRE RS N E ToLBENIEH
SHLNTIED 5, FOREBIEHMLN R T R
N0 YRR R A U7 M e BB 220 T
FHHTE R, BNZERORBO AL 5T,
BN T OFBERLE N 5D BAT T DB
Ay M= 2 L CTREDRRICHS L
Twb, THENBERRLICBILZZA M asr s
FEESLTOr 2T u VIEPIEIZEEYEZ S L
TOHRYELR Y =7y VERTH Y, SHO%E
DEFPHEENG.

FHIIE LRI ) L DR 2 ZH L Twa.

(7

cells. Fertil Steril 81: 1351-1356, 2004.

7) Mori T, Ito F, Koshiba A, Kataoka H, Tanaka Y,
Okimura H, Khan KN, Kitawaki J. Aromatase as a tar-
get for treating endometriosis. ] Obstet Gynaecol Res
44:1673-1681, 2018.

8) Mori T, Ito F, Koshiba A, Kataoka H, Takaoka O,
Okimura H, Khan KN, Kitawaki J. Local estrogen for-
mation and its regulation in endometriosis. Reprod
Med Biol 18: 305-311, 2019.

9) Bulun SE. Endometriosis. N Engl ] Med 360: 268-279,
20009.

10) Suganuma I, Mori T, Ito F, Tanaka Y, Sasaki A,
Matsuo S, Kusuki I, Kitawaki J. Peroxisome proliferator-
activated receptor gamma, coactivator 1« enhances
local estrogen biosynthesis by stimulating aromatase
activity in endometriosis. J Clin Endocrinol Metab 99:
1191-1198, 2014.

11) Kataoka H, Mori T, Okimura H, Matsushima H, Ito F,
Koshiba A, Tanaka Y, Akiyama K, Maeda E, Sugahara
T, Tarumi Y, Kusuki I, Khan KN, Kitawaki J.
Peroxisome proliferator-activated receptor- y coactiva-
tor 1 « -mediated pathway as a possible therapeutic tar-
get in endometriosis. Hum Reprod 34: 1019-1029, 2019.

12) Revankar CM, Cimino DF, Sklar LA, Arterburn JB,
Prossnits ER. A transmembrane intracellular estrogen
receptor mediates rapid cell signaling. Science 307:



TENBSEE AT T4 FRVE Y 383

1625-1630, 2005.

13) Han S]J, Jung SY, Wu SP, Hawkins SM, Park M], Kyo
S, Qin J, Lydon JP, Tsai S, Tsai MJ, DeMayo FJ, O’
Malley BW. Estrogen receptor  modulates apoptosis
complexes and the inflammasome to drive the patho-
genesis of endometriosis. Cell 163: 960-974, 2015.

14) Takaoka O, Mori T, Ito F, Okimura H, Kataoka H,
Tanaka Y, Koshiba A, Kusuki I, Shigehiro S, Amami T,
Kitawaki J. Daidzein-rich isoflavone aglycones inhibit
cell growth and inflammation in endometriosis. J
Steroid Biochem Mol Biol 181: 125-132, 2018.

15) Mori T, Ito F, Matsushima H, Takaoka O, Tanaka Y,
Koshiba A, Kusuki I, Kitawaki J. G protein-coupled
estrogen receptor 1 agonist G-1 induces cell cycle
arrest in the mitotic phase, leading to apoptosis in

endometriosis. Fertil Steril 103: 1228-1235, 2015.

16) Harada T, Kosaka S, Elliesen J, Yasuda M, Ito M,
Momoeda M. Ethinylestradiol 20 ug/drospirenone 3
mg in a flexible extended regimen for the management
of endometriosis-associated pelvic pain: a randomized
controlled trial. Fertil Steril 108: 798-805, 2017.

17) Patel B, Elguero S, Thakore S, Dahoud W, Bedaiwy
M, Mesiano S. Role of nuclear progesterone receptor
isoforms in uterine pathophysiology. Hum Reprod
Update 21: 155-173, 2014.

18) Hirota Y, Tranguch S, Daikoku T, Hasegawa A,
Osuga Y, Taketani Y, Dey SK. Deficiency of
immunophilin FKBP52 promotes endometriosis Am J
Pathol 173: 1747-1757, 2008.

TUFERRE 131(5), 2022.



384 #* e ]

— EEIO7 14—

#F* W Taisuke Mori

FE - W RURRIE LR RV R R BE R A Fe R S e AR IR R A o - 3%

W& JE D 20014F 3 H OKRIRERFRSASE
20014F 5 J1 LURRHE LR R R 2% RE It AFHIFE R
20024F 4 H A SuEE BmbE ke A
20024 8 A EINEEESHBE Rl AR
20034F 4 A WiimRELT RymbE i ARHE B
20054F 3 I LURRHEALEERFRZERFABEE A TERE (EAIEERA) A%
20074F 3 H Beckman Research Institute, City of Hope CK[E) ffit-Af%¢H
20094F 3 H EEAEL (L EFRRRY: #1301 %)
20094F 4 H R LERFRF KA A EER S ke &
20104F 4 J§ HURRHE LR RER KA bE WIEAIEEFR: B
20174F 4 H SCURSHEALERER R be WA R R
20204F 4 H HURRHELEERVR 2R b WHEAEE R dE#d%
20214F 10 - LCHOHF LR RER 2R BE AR R #U%

BAECRES

B G ANFIES, P
F7%¥H 0 1. Tarumi Y, Mori T, Okimura H, Maeda E, Tanaka Y, Kataoka H, Ito F, Koshiba A, Kusuki I, Kitawaki
J. Interleukin-9 produced by helper T cells stimulates interleukin-8 expression in endometriosis. Am J
Reprod Immunol, 19: e13380, 2020.
2. Kataoka H, Mori T, Okimura H, Matsushima H, Ito F, Koshiba A, Tanaka Y, Akiyama K, Maeda E,
Sugahara T, Tarumi Y, Kusuki I, Khan KN, Kitawaki J. Peroxisome proliferator-activated receptor- y -

coactivator 1 « -mediated pathway as a possible therapeutic target in endometriosis. Hum Reprod, 34:
1019-1029, 2019.

3. Yoriki K, Mori T, Kokabu T, Matsushima H, Umemura S, Tarumi Y, Kitawaki J. Estrogen-related recep-
tor alpha induces epithelial-mesenchymal transition through cancer-stromal interactions in endometri-
al cancer. Sci Rep, 30: 6697, 2019.

4. Kokabu T, Mori T, Matsushima H, Yoriki K, Kataoka H, Tarumi Y, Kitawaki J. Antitumor effect of
XCT790, an ERR ¢ inverse agonist, on ER « -negative endometrial cancer cells. Cell Oncol, 42: 223-235,
2019.

5. Mori T, Makino H, Okubo T, Fujiwara Y, Sawada M, Kuroboshi H, Tsubamoto H, Murakoshi H,
Motohashi T, Kitawaki J, Ito K. Multi-institutional phase 1 study of neoadjuvant irinotecan and nedaplatin
followed by radical hysterectomy and the adjuvant chemotherapy for locally advanced, bulky uterine cer-
vical cancer. A Kansai Clinical Oncology Group study (KCOG-G1201).J Obstet Gynaecol Res, 45:
671-678, 2019.

6. Takaoka O, MoriT, Ito F, Okimura H, Kataoka H, Tanaka Y, Koshiba A, Kusuki I, Shigehiro S, Amami
T, Kitawaki J. Daidzein-rich isoflavone aglycones inhibit cell growth and inflammation in endometriosis.
J Steroid Biochem Mol Biol, 181: 125-132, 2018.

7. Tanaka Y, Mori T, Ito F, Koshiba A, Takaoka O, Kataoka H, Maeda E, Okimura H, Kitawaki J.
Exacerbation of endometriosis due to regulatory T-cell dysfunction. J Clin Endocrinol Metab, 102:
3206-3217, 2017.

8. Mori T, Ito F, Matsushima H, Takaoka O, Tanaka Y, Koshiba A, Kusuki [, Kitawaki J. G protein-cou-
pled estrogen receptor 1 agonist G-1 induces cell cycle arrest in the mitotic phase, leading to apoptosis
in endometriosis. Fertil Steril, 103: 1228-1235, 2015.

TUFEERRE 131(5), 2022.



