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Proliferation and differentiation of cells in female reproductive organs, the oviduct,
uterus and vagina, are regulated by endogenous estrogens. /n utero exposure to a synthetic
estrogen, diethylstilbestrol (DES), induces vaginal clear-cell adenocarcinoma in humans. In
mice, perinatal exposure to DES and estrogenic chemicals, results in abnormalities such as
hypothalamic-pituitary-gonadal axis, polyovular follicles, uterine circular muscle
disorganization and persistent vaginal epithelial cell proliferation. Most activities of
estrogenic chemicals are mediated through estrogen receptor oo (ERa) and/or ERB. However,
little is known about the relative contribution of the individual ER subtypes in induction of
abnormalities. I tested the effects of neonatal exposure to ER selective ligands and DES on
female mice. Transactivation assays using mouse ERa and ERB showed that 1010 M DES
activated both ER subtypes and that the ERa agonist (propyl pyrazole triol, PPT) and the
ERP agonist (diarylpropionitrile, DPN) selectively activated their respective ERs at 109 M.
Neonatal female mice were injected subcutaneously with DES, PPT or DPN and the animals
were examined at 13 and 15 weeks of age. Persistent estrous smears and anovulation were
induced in all mice by 0.025-2.5 ug DES and 2.5-25 ug PPT, but not by DPN, suggesting that
the observed anovulation was primarily mediated through ERa. Disorganization of uterine
musculature and ovary-independent vaginal epithelial cell proliferation accompanied by
persistent expression of EGF-related genes and interleukin-1-related genes were also
mediated through ERa. In contrast, polyovular follicles were induced by neonatal treatment
with both ERa and ERBligands, suggesting that ovarian abnormalities are mediated through
both ER subtypes (chapter 1).

Perinatal exposure to natural and synthetic estrogen, induces estrogen-independent
persistent proliferation of vaginal epithelium in mice. To understand the underlying
mechanism of the estrogen-independent persistent vaginal changes induced by perinatal DES
exposure, I examined global gene expressions in the vaginae of ovariectomized adult mice
exposed neonatally to DES using microarray. I found persistent up-regulation of Wnt4 and
persistent down-regulation of Wnt¢l1l in the vagina of mice exposed neonatally to DES and

PPT. Also, the expression of Wn4 protein in vagina is correlated to the stratification of
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epithelial cells with the superficial keratinization of vagina, but not epithelial cell
stratification only (chapter 2).

Moreover, cell cycle-related genes, p21, cyclin-dependent kinase inhibitor, showed
up-regulation in the vagina and p21 protein was localized in the basal layer of the vaginal
epithelium in mice exposed neonatally to DES and PPT. The expression of Notch receptors
and Notch ligands were unchanged, however, hairy-related basic helix-loop-helix (bHLH)
transcription factor genes, Hesl, Heyl and Heyl were persistently down-regulated in the
vagina showing estrogen-independent epithelial cell proliferation in mice exposed neonatally
to DES and PPT (chapter 3).

Female reproductive organs show organ-specific morphological changes during estrous
cycles. Estrogen depletion by ovariectomy at adults results in atrophy accompanied by
apoptosis in vaginal and uterine cells, while estrogen treatment following the ovariectomy
elicits cell proliferation in both organs. Sequential changes in mRNA expression of Wnt and
Notch signaling genes were analyzed in the vagina and uterus of ovariectomized adult mice
after a single injection of 17B-estradiol (E2) to understand molecular basis of differences in
response to estrogen in these organs. I found estrogen-dependent up-regulation of Wnt4,
Wntba and pZ2l1 and down-regulation of Wntll, Heyl and DII4 in the vagina, and
up-regulation of Wnt4, Wntba, Heyl, Heyl, DIl1, p21 and p53 and down-regulation of Wnt11,
HeyZ2 and DIl4in the uterus. The expression of Wnt4, Heyl, HeyZ2, Heyl DIII and p53 showed
different patterns after the estrogen injection. Whereas, Wntba, Wntl1l1, DIl4 and p21 showed
similar expression patterns between the vagina and uterus, suggesting that these genes are
involved in proliferation of cells both organs in mice (chapter 4).

In conclusion, I confirmed that ERa action is essential for induction of abnormalities in
the hypothalamo-pituitary-ovarian axis, and uterine and vaginal changes during critical
developmental period in mice. Furthermore, I performed comprehensive analyses in the
expression of Wnt- and Notch-related genes in the vagina exposed neonatally to DES. Wnt
family genes or Notch family genes are one of the fundamental signalling pathways that
regulate metazoan development and adult tissue homeostasis. I confirmed persistent
up-regulation of Wnt4 and p21, and persistent down-regulation of Wnti11, Hesl, Heyl and
Heyl and localization of Wnt4 and p21 protein in the vagina exposed neonatally to DES. I
also demonstrated the difference in expression patterns of Wnt4, Wntba, Wnt1l, Heyl, Hey2,
Heyl DIl1, DIl4 p21 and p53between the vagina and uterus after Ez2 stimulation. Moreover, I
identified the localization of Wnt4 and p21 protein in the ovariectomized adult mouse vagina
exhibiting epithelial stratification after a single injection of E2. Especially, Wnt4, Wntl11, p21
and HeylI showed similar trends to the vagina exposed neonatally to DES. These data might

provide clues to biological function of irreversible proliferation in vaginal epithelial cells.

(Fn=z 2,000 5= &3¢ 800 FEFEE)




)

@

(BIHSER=CE 10 )

EN R EEOREOEE

15§ % R R

T OFRBEBREFE ER OKE HE

Bl &E:BEKRE #9® LK EA

FEZEER Bl & LARE R OAE BN

Bl E:BIKRE BRI &6

Bl E: BHCKE EEE KB RE

Studies on Molecular Mechanisms of Persistent Vaginal
Abnormalities Induced by Neonatal Estrogen Exposure in Mice

(BAEE#OTA My ERICIVFEIR U ABOBANRE
IZBE5 B o) T HERE DR 9T )

FEFROER .

MRS E DM « HBIR= A Fe it X THESh TWA A, 1930 F{RIC
FERFILIEE LTAFENTWEEHTA Fa sy (DES) A LS I LEEN
WA, BETRELRETAIZEBHLA TV, FAEFHIZDES 2 R8BE Lv VAT
b, BERERHCEAR 2 IE EEABOMMAHEIR SN D, RAFRICB T, REEE AT
xR b a o e R% LR~ D ADBIEBWC ED L I A H = XN TIIREKTF
DOMBEFERFREIN T AP EBHT 0 BEAEFPAE LTV 3 EETHOBRNMR
FEIT-T,

FAEMcBiT A ha A UEREOREIR. e RAEMBEERBES S, = A s
VERE (ER) BabkpD 2 o0Y 7 ZAFRHMLERTEY, ThbOBERERLELLD
ER BRI L B2V TIHE, REFARESAEV, # 1 ETH., FiEfFiE~ 2T ERa
TA=AF (PPT), ERB7 F=R  (DPN), EiZmAO7TI=2  (DES) ZET#&
E L, 15 BIRCBWT, JIE, FEBIUVEBOBEBEERE L, TORKE. DPN T
272 <. PPT B LU DES 45 Lic~ v AT, EEI0, TEMRGOILN - HEEMHEED
WAz T, IRRIERFEOEANZIE LEME 2RO, T bOREN ERFTIR
<, FIERoEN LIEREBIC L -~ THEEINZZ EEHLMILE,

EOETIE, DNARA 77 LA LY T &AL 5PCRERAVT, MRS - o, &
L7 EIZEELTWE Wt 77 ) —REFHROBREB ZHEBENITHITL T, Z0o<y
RIS T  MEARS: Witd DFEE LR & Wntll ORBRL EFERB LI, £z, ER

(a/p} PF7rHT=A FMT&H5ICI 182,780 Z AV T, Wnt4 X ER ZHMED TH CHl{

2,000 F LAY



O

(B 10 &)

SNTWHZEERH L, SHICREREEZAVT, Wntd #2327 BiZ, HilasEmE
BT, 9 F U OMBI LA TRIALTVA I L 2R b L,

% 3 T, IR ELIRRIF IR O 43 T- 84k & iR A4 5 B9 C. p21, p53 B L ¥ Notch
BHEREFORELR~ T, MRARICHET SBEETHEELDEBER, 12 ) VKT
FT—EBA ¥ —Thd p2] OB LFAEZHE L, SOICABELREORKR, p21 4
37 i DES R#EE FRAEMRICMOREBRERD I, £, YV T A¥ 4 A PCR T p2l
PEMBET E LTV AEMEIREET pb3 ORBEFLD, BECHELEBLEZROR
2o o, DES REEER T 5 p21 BEUT. psS EERTFHITHIBE I A TND Z EBRBE N,
XBIC p21 OTFTHTHIME N TS Notch 77 2 ) —BETORBEHICONTHEN,
Notch L& # — (Notchl, Notch2., Notch3. Notchd) Xt Notch V¥ I (DI,
Dll4, Jaggedl, Jaggged2) TiL72<. Notch ¥ TN OBEERIEF T B Hesl, Heyl
BLU Heyl 2B\ WT, DES £BICEZB3RBOBLEH LML,

EBAEBTE, 2R o RERETFOREDT D, RIARHZIIERE L+ 7 X2 178-
A MTFVE—NA (B BEETHRELC, BEARTETHECRET2BETHEELR
R, FORER, BIZBWT Wntd, Wntba & p21 OB LR, Wntll, Heyl & Dlld @
REMAD ZHERB Lic, £/, FH T Watd, Watba, Heyl. Heyl, DI, p21 %LU ps3
DB LR Wntll, Hey2 & Dll4 ORBINDEHER L, BE FERLEST 5 &, Watd,
Heyl, Hey2. Heyl, DIl BLU p§3 DFRBAZ—BRIgY . Wntda, Wnatll, DIi4
& p21 KWBWTIRHOEREZTRTZ L2 LI Uik,

Zh B ORI L0 | SRR TH-MN T REA-JIIH-SE - FEDOEANZREZ., £ ERa
Lo THENTWARZ EEHLMCILE, ELKEIRBWL, Wit & p2] BiEFD
FRE LH. Wntll, Hesl, Heyl & Heyl BT+ OHRBER P BI N Wntd & p21 #1372
HoORBREMERL B EEMEOIRRIERFHEEHEIC 2 b 0BEFRES T2 2 & 25
Ulc, E7o. FREBREMRB~ 7 AIZBWT b, B2 2 EBITHELIO Wotd & p21 # 22
BORERHDZ LERAOMHIL.ZRNODBEFOI T AR R r— R L0 EEMICHT~
DT LN, IRBIEKFEEORE LMo 5 TR RS 5 2 L ERR LT,

UEORKRIZOWTHEER b ANFBE L., XSO L BES) oMmm3ce LT+
7 AEEH 35 LHE L,




