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Successful implantation and placentation require that trophoblasts adhere to the uterine epithelium and penetrate
the decidualized endometrium. However, the biochemical mechanisms of the establishment of pregnancy including these
phenomena have not yet to be definitively elucidated. We have found that stathmin, a cytosolic phosphoprotein that
regulates microtubule dynamics, and insulin-like growth factor-binding protein (IGFBP)-related protein 1 (IGFBP-
rP1, now called IGF-binding protein 7) were highly expressed in the endometrium around the time of implantation and
decidualization. In this article, we review our recent findings of the research regarding the functions of these implan-
tation-associated proteins in endocrine physiology and pharmacology. Analysis of the expression of both factors in ro-
dent and human uterus has revealed that both factors are crucial for the process of endometrial stromal cell differentia-

tion.
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Fig. 1.

Schematic Diagram of Stathmin and Stathmin Family Proteins (SCG10, SCLIP, RB3, RB3” and RB3”)

Stathmin-like domain is highly conserved among the stathmin family proteins. The N-terminal regulatory domain promotes microtubule catastrophe and con-
tains several serine residues (P). The extended N-terminal contains two cysteine residues (C) which lead to membrane association or anchoring. The C-terminal in-

teraction domain binds to tubulin o/ heterodimers.

5.5 £, ZOEMEIZY EBITX D HEE N
THO, U ZEALHE Z % ERUNERESIE I

TT2.92% 23210 BT SHFITIE
MAP FF—+,9 %1 7 U UkEHEF - —1, 1012
AIVEY 22U kEEFF—E,Y Jor1 > F
F—t A2 ENH S, M EETEE DA R
SEHNCBNVWTAZY ZAI DY VLD Z 50,
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Fig. 2. Immunoblotting of Uterine Stathmin Expression dur-
ing Pregnancy in Rats
Numbers at the top of the figures indicate the day of pregnancy. 6IS and
71S, Implantation sites (IS) on Days 6 and 7, 6*: inter-IS on Day6.
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Fig. 4. Effect of Artificial Decidualization on Stathmin Expres-
sion in the Pseudopregnant Rats

Uterine stathmin levels were measured 0-120 h after sesame oil infusion
into one uterine horn on Day 5 of pseudopregnancy [oil (+)]. As a control,
the intact horn was subjected to the same analysis [0il (—)]. A: Stathmin
mRNA levels were detected by RT-PCR analysis. Each reaction was per-

formed using RNA sample pooled from 2 to 3 animals. B: The protein levels
of stathmin were measured by Immunoblotting.
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Fig. 3. Delayed Implantation Model in Rats
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Pregnant rats were hypophysectomized on day 3 of pregnancy to deplete endogenous ovarian steroids. Progesterone (P4: 3 mg/rat/d) was administered for 6
days to keep the blastocysts in the uterine horns. In this condition, blastocysts were dormant and never implanted into the uterus. When the rats were treated with
17B-estradiol (E2: 500 ng/rat) on day 8, the dormant blastocyst were activated and implanted into uterus on day 9 (delayed implantation).
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Fig. 5. Numbers of Neonates (A), Implantation Sites (B), and the Weight of the Uterus in Oil-induced Decidualization Model (C)
in Stathmin-KO Mice
A: The neonates produced by WT and stathmin-KO mice were counted within 3 days after parturition. B: On days 7 and 8 of pregnancy, the uteri from WT and
stathmin-KO mice were isolated and the implantation sites were counted. C: Ovariectomized WT and stathmin KO mice were treated with P4 for 7 days. On the 4th
day of P4 treatment, sesame oil was infused into the lumen of one uterine horn to induce decidualization. The contralateral horn, which was not given the oil infu-
sion, served as the control. On the 4th day after the oil injection (day 8), the mice were killed and their uteri were weighed. The results are expressed as mean=+S. E.
(A, B, C). *p<0.01: vs. WT, :p<0.01: vs. oil —.
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Fig. 6. Effect of Stathmin Knock-down on Both P4 and E2-
induced Decidualization in Cultured Endometrial Stromal
Cells

Control and stathmin siRNA was transfected to stromal cells 1 day be-
fore ovarian steroid stimulation. The cell lysate and culture media were sub-
jected to Immunoblot analysis for stathmin and IGFBP-1.
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Fig. 7. Uterine IGFBP7 mRNA Expression in the Periim-
plantation Period in the Rat

Northern blot data of uterine IGFBP7 mRNA expression during the ear-

ly stage of pregnancy. Implantation sites were isolated on day 7 of pregnancy

(71S) . 7IS: Implantation sites on day 7, 7*: nonimplantation sites on day 7.
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Fig. 8. Effect of IGFBP7 Knockdown on PRL Expression in
an Ovarian Steroid-induced Ddecidualization Model
Endometrial stromal cells were treated for 24 h with IGFBP7 siRNA or
an irrelevant control siRNA and then cultured for an additional 48 h with or
without both 1um progesterone and 10 nm estrogen stimulation. Cellular
mRNA was subjected to semi-quantitative RT-PCR analysis.
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Hz%E3 5 &, IGFBPT N > /NERD T E N A
DEMIZFRDD TWB I ENTFRINS. FENK
AR IC BT 2R LS U > NERD FIEIEH 7R 4T
PRRRNLICA ] RIsT=8, Ty N FEIZBITH%E &
R 2HDD, b MzBWTH IGFBPT I3 IR
I3 U BB ICHERF T B2 F Db O LR TE
%,

9. IPEA IGFBP7 I &L IR 1L

IGF %, JNEICBITZINEOKRIICHED > TH

0, FOEMIMO IGFBP ICXDHichTNDS
ZERMSNTWSA, IGFBPT HUIEICEEL T
W5, TTEERST ZIIRIZEWT IGFBPT D%
B, RESMLARE SN TND, WD FLlx, 1IG-
FBP7 737 v b BN AL o U ik I 3 ik S 1,
IGFBP7 mRNA 73 il 2851 i oD $0RE I i fied & 2RI
FEL TWD Z EEHS ML 7.5 BRI AL
1, SRRANIC B B EEAR IR )L E D AR T
BV, PEIRRRIEAMEN ST 5. IGFBPT IS,
FSH ICX D HENFEIND T v b EREME D
CYPIAL H 2§ 5T & TE2EAEZHET
%. X517, IGFBP7 3l % K R siRNA 1T X D
Jw Y FBHE, CYPI9AL OEJEL N)L DF
HEMNERLZZEMNS, IGFBPT IR kL
BRI 7FAE T B NN Z 7 O REAHIK T T
HY, YIRS RO EE R IR ] RIZKF T
HDIENRBINTG, Y ZOERELHFT HH
HD1DELT, i, IGFBPT /v 7 7 b
A TIN5 B S N5 BRI BT RE N A S
N5 ENFERFERINTNVWS, 7238, IGFBPT
i, BWE U, THEDOAHRST, B NOIIR
HRTHRIEDERIN TN S,

10. FEERBUVICES, ¥EKR%EE IGFBPT
2O E N IGFBPT fifk & Ao bE 7z IG-
FBP7 @ Elisa &£ ®{%EZ ML L, % & MILEH D IG-
FBP7 ##|E L7=. BEIC, IGFBP7 3kt k= A
WWBWTHARBMN TZEORBBIIZILL, HRKT
150 FEREEOHKBEDENDA LN D Z ENHE
SINTW/. b L HRIIFNAN O &0 Z8 LA i
D IGFBP7 IT Rt X1, EEICBWTALT
LZDTHIL, BROF g~ —h—&T5Z
EMTELRRERMENH D, LrLans, ARFEY
WO I IGFBP7 L NIVIZIFE —ETHO, 75
HNIEIZ B W TZEA(T % IGFBP7 O FE &%, i
@ IGFBPT &IZELZ G A TR ENaho Tz,
7z, TEENABRE, BENAUESE, KEXAE
FOMmiEH IGFBP7 &2 HE L THEE AN LN A
BEITB T S MiET IGFBPT &I kid7a<, #
% H @ IGFBP7 @ F 3 &3 i # IGFBP7 &IZ5
BEEZBWIENHHLEZ, Lal, FENBE
B L OMIEENT 217> TW B BERIE R E N S B
L7z i+ @ IGFBP7 &3 N & ki L THE
WCERL Tz, RICHERFEEETIIREALDD
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2R EDL NV EET HEED W (Fig. 9 (3
FRE 125 F 4, 2006). HERWEFITHBIT S IMH
IGFBP7 & @ ¥4/l Lopez-Bermejo 530 23 %% L
THD, TOHWHEITHRWT, 1o IGFBPT & &
C-reactive protein &=<° FJ[¥a M 2 B TNF Z &K &N
IEDQHBMZFD Z ERHBEMERZR DY 7 1 K
R F LN EEOHBNEND B T L7 &2
LTWa, —%, FTENERERE T+ o IL-6
BREDRIEMT A N HA ENEE NITHRERL
TWbZ EBAISNTWDS, IGFBP7 X, TGF-g
R IGF EWo oA M A KD ZEDRENGE
BINDZENHEDINTEO, T EHNBER
R EBFICHB T S I IGFBPT &0 ¥, W%
BICKOEINL 72 IERE DO RIEHY 1 b1 >
DIERHICED2HDTHLAREENEZ SN S.
FRUZ&D1Z, IGFBPTIZE MiCBWTIEIFL
HBIZHRHL TWbd5 2NV ETh 50, IGFBPT %
FHL TWASHMINAL L 28, 2< D54,
FOFRBENEKOLN TS, ZHIZEL TIARALE
DOREEENFERICRFT SN TH D, IGFBPT IZIEH
AIRITPBWTHEL, 2AkT 5 &, IGFBPT D%
BMSHRT 2. AR TS %5 MCF-7 #ifilic
BWTHRET, IGFBP7T ZHHBH L TWhian
MCF-7 fifdicL ha A )V ANy —%2F|HL T
IGFBP7 # B 5 &, ZOHEHIIIH SN
%, Ny —#EALKMCF-THilgzEL /-0
>F 42 ar RAFAULERNWTA Y RO
MCF-7 il Z 8% L TH T OEIfah s,
DA BT IGFBP7 D S 23| & % B

3000 -

#
] o
£ 2000 o
& ] o
E -
1000 -
o
©
0 o =
Control DM

Fig. 9. Serum IGFBP7 Concentrations in the Diabetes Melli-
tus (DM) Patients with Hemodialysis
Serum from 33 hemodialysis patients with non-DM (15 subjects) or DM
(18 patients) was collected. *p<{0.01. vs. control.

Mo 1D&EL T, IGFBPT YO E—4 — @B D
CoG 717> RDAFIENEEL THBD,
MCF-7 #12 U ¥ &9 % IGFBP7 H#HNEbHiI1 TV
5% < OHANATRIZBNTAF)IVEDmE TN T
W3, Z@IGFBPT 7 OE—4% — @D X F)L1L
DEGNE, ANABEORIROETICHMHEEL,
AFIALDRRENE L WEE TIXZDEDOEGFER)N
EKFI2EVIREBRDBESNTNDS,

11. &HYIC

Ty NKORTZAFHENTDAY X I FBI,
BHIRBERITE Z 2 BivEl i ICBEZE 1T L, WivE
DT EEBIZFDLNIBMETTEHIEMS,
A A AT E PRV E R O B R AL & 1T
BEL TW%., —F, b hFENEMEMRICEN
T, WEBACRARTIICAY A I D RBEMA S &
HIRAEDBHEINZZE0 S, FEMR AT Z A LT
Bt TH D0, ZAF¥ A I L, BIEEORMIE) S
PE AR IR ORI IC L T BB b D i
fifi AIBHIRIC L BEIR T Th D T EDURE I N,
ZDEIIT, AFAI T, FENBEREMED
HIRALICBE 59 2 ML NFASIR FTdh 5 Z A5
MmEBo T, TOEMENH IR, AERERE
WEHETAMhdb LW, 2, RO UIFEED
TR A I 2P/l Ol & 2B 55 %
RN O VEGF 382 7 FILRIZU > LT
WEOHIRBESNTNDDT, S%OBAEMITICH
LW, —F, IGFBP713, ThziEET 5
FRIZBWTIEE 7S ERE ZHEFF L TV D KD IR
A %. IGFBPT OHFIENMN A DEMZHIET 2 &
WORE B BH D, O LFHEER BN T H FEEDOEE
ZHEOMDH LN, IGFBPT ICBIT % Hids 1 3H
BMICBIDHMEITILZNHOD, [EWHERICB T 5%
ENZDOWTREREEZAREWBIEENRHAI N TNS &
WBEWHL, IS OMEDERENIIEEINS.
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