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=ABSTRACT=

Cell Cycle Signaling Pathway by Cyclins—CDKs
and CDKIs in Endometriosis

Kyung-Ah Jeong, M.D.*, Ki-Hyun Park, M.D., Hyun-Sook Yoon, Ph.D.,
Jeong-Mi Yoon, Ph.D., Woo-Hyun Sohn, M.D., Sang-Wook Bai, M.D.,
Young-Tae Kim, M.D., Byung-Seok Lee, M.D., Kyung Seo, M.D.,
Sei-Kwang Kim, M.D., Dong-Jae Cho, M.D., Chan-Ho Song, M.D.
*Department of Obstetrics and Gynecology, Ewha Womans University College of Medicine,
Department of Obstetrics and Gynecology, Yonsei University College of Medicine, Seoul, Korea

Objective : This study was undertaken to evaluate the cell cycle signaling pathway by cyclins-cyclin
dependent kinases (CDKs) and cyclin dependent kinase inhibitors (CDKIs) in endometriosis.

Methods : 38 women with endometriosis were recruited. Endometrioma and the normal ovarian tissues
were obtained during laparoscopic surgery on the follicular phase of menstrual cycle. And then, the normal
endometrial tissues were taken by currettage. Nuclear proteins (cyclin D1 cyclin E etc), CDK molecules and
CDK inhibitors (p27k'p], p21 etc) were quantitated on transcriptional and translational levels by reverse
transcription-polymerase chain reaction (RT-PCR) and Western blot analysis.

Results : In RT-PCR analysis, the expression of cyclin D1-CDK®6, cyclin E-CDK2 of endometrioma and
eutopic endometrium was increased, and the expression of p27k'p] was decreased compared with normal ovary.
The mRNA expression of cyclins-CDKs and p27k]p] was not significantly different between endometrioma and
eutopic endometrium. In Western blot analysis, the expression of cyclin D1-CDK6, cyclin E-CDK2 was
significantly increased and the expression of p27k1p] was significantly decreased in endometrioma and eutopic
endometrium compared with normal ovary. And, the expression of p27k]p] in endometrioma was further
decreased than that of eutopic endometrium. _

Conclusion : These results suggest that p27k]p] on the translational level, in the cell cycle signaling
pathway, was closely related to endometriosis. In future, further experimental studies will be needed for the
understanding of the cell cycle signaling pathway in endometriosis.

Key Words : Endometriosis, Cyclin, Cyclin dependent kinase, Cyclin dependent kinase inhibitor, Cell cycle
signaling pathway
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ob2] gadsiAl welxl uh §la 53] 2AAETHY 7]
Aol gk AFe Bol AlgEo A &t

AEF7] (cell cycle)dlA thg ©AZ o
(transition) & Z} ©Alo] EA3 cyclin®t 1 EmjzHE-S
9 © 7]+ cyclin-dependent kinase (CDK)&] AF3 2] 9
& zA= ™ Cyclin-CDK complex?] BAEE A EFE

719 AL A st CDK AAA (CDKDe| o)t =
A=y’ YlX A 02 CDK4, CDK6, cyclin DO &4&
Ao zH AT 2/ JAEIE LE}
W INK4 family (p15™, p16™*, p18™, p19™“)e} of
2 cyclin-CDK complexo]l 2H8-3le] AEF7]9] o o
AelA AR &S Hole CIPKIP family 21",
p27", p57)7} k.

CDKI= gHolAlf-AAZ AA o] oo #3 o) o
T7F Aol grom® vasgtdxe] p27? o)
2239} cyclin E, CDK29] f-j3h shtao] B ul gl
o At A ple™e p21™iPe) mHelnkgo)
REHo g oksjElo] glgo] wAHer Az AF
ol A= CDKI p27°"'o] Z2A2g 202 458 A2

ko] 4 oAl Bojata AU AHEE LA
o7 zAFGT WAL w27 e TGE- 4 9}
o

AEQ] d=2X A5 (extracellular antiproliferative
signal)ol] wHg-3te] Al EF7)9] AAE Frec >
B ds FUnEy ApEy cycinCDK, CDKI

o AEF7) 2BARAA ool Bafe] Foln A
Ak
o Chat o

1. SR M8 2 e A

20023 1958 897 AEARFAEY AvQln
of 29 EE AT AYFL T2 sl 97 F
7 % 9EI B3HE AT B 23 A
Agurzes gue 3¢ daoz Adag
gL 5% A HY ol T8 ARE AP
otk BAEL 5% Fol Bad AFULE 24 3
Haros B4 24 ¥ AANAL 40ez 2
FU 242 AAsa

2. Total RNAS| =&

Total RNAS] %< $]3}o] 500 9] Trizol® (Gibeo
BRL)°] E¢|)E tubeo] Z2-E 03 cm cubicg o= A
7Fst 4Tt TubeE 4C=E FA13F Ae] ol A plastic pestleZ
ZAS vhdete A2olA] 587 WA T 10%

o dg3t= 50 ul9] chloroform (Sigma)S 3 71ste] 15%
2T o] F F 4ToA 1487 AT 12,000
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Ao} ¢
pmo A 1587 AAEEHTE F AFAH T
isopropanol (Sigma)& 127 ’1‘101 3087 -70°Col A

A 3AY -20C oA overnight3t | 12,000 rpmol| A 15
B2 QARG JHE 70% ethanolS 713
% 7,500 rpmoll A 87 YA RSty FEAS HA

o5 F71F A AZAFHT. oo DEPC (diethyl
pyrocarbonate, Sigma) &F< 30 ulE A7}, 55TColA 10

w1 8814171 F 260 nm2} 280 nm o] FpFo A FHL
o} A A8} (UV-1601PC, Shimadzw), -70C
£U% WAl masidck

2 =
= T

3. RT-PCR (reverse transcription-polymerase chain
reaction)
AEF7) ZEAAEE] QA SHYLE Jopu
7] {13l total RNA 1 pg& 5X RNA PCR buffer, dNTP
(2.5 mM), MgCl, (25 mM), oligo dT primer, RNase

=
= ¥3ele

inhibitor, AMV reverse transcriptase (Promega)=-
HESE-ol oA 70 Bt 2CAA v-EAIZ F, 95 C
AqA 5E BAE EZAGSAFHT (GeneAmp PCR
System 9600). A3 7} Aol 23] YA E cDNAS =Y
(template) 0.2 F3 G A AsuH-S  (polymerase chain
reacton; PCR)-& A| 3} 3l t}. %%4 cDNA9| MgClL7} &
$% 10X PCR buffer, dNTP (2.5 mM), Z+z+¢] 10 pmol
primer pairsE-& 0]36]-04 Taq DNA polymerase
(Promega) -89 &of FF W3S TEB Skt Hx 94T

oA 127 M A (denaturation)A] 71 &, 94C oA 18, 7+
Z}o] primer sequenceoﬂ we} AA % annealing 2% ol A
I, 72CollA 50% &4 ¥REAI7]E S ¢ cycle2 3}
ol 283] W3} % &1, ol e 2 727N SE7E
extensiond =8t ¥ 3 5 yl9] PCR productdl] 6%
loading buffer (0.25% bromophenol blue in 40% glycerol) 1
UE ¥ 5, 2% agarose geloll Al A7) 953t 1 EA)
£ 818} a1, densitometric analysis #+3& %3] ZA3S
QAo BAeSI.

A& ALLH primers GenBanko] &% cDNA
sequencesE 7] %2 computer program (DNA STAR)E ©]
239 GO 724 540 A7 2o AYew
2 pglatgon, 4714 AAEY Z7])E Table |
3} Zote). ZH2ho] WA EE-E GenBankol 52% cDNA
o] ME3 vl HZF37] $18ke] sequencings A3 3HS
t}. PCRS 7} primer setoll 4 GC contento]] 2] A3} X
Aess Avsd AT, AP e 93]
Al F cycled] = 35 cycled WA G5 2R

=

IE

4HEl == (protein extraction)

3 oIA Z7el AT

4. cf
A}

Tl
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Table 1. Primer sequences of reverse transciption— polymerase chain reactoin

Forward Reverse Product size
*GAPDH 5’-ACC ACA GTC CAT GCC ATC AC-3’ 5’-TCC ACC ACC CTG TTG CTG TA-3’ 452 bp
Cyclin D1 5’-AGG AGA ACA AAC AGA TCA-3’ 5-TAG GAC AGG AAG TTG TTG-3’ 162 bp
Cdk6 5’-CGA ATG CGT GGC GGA GAT C-3’ 5’-CCA CTG AGG TTA GAG CCA TC-3 449 bp
Cyclin E 5’-AAT AGA GAG GAA GTC TGG-3’ 5-AGA TAT GCA ACC TGC ATG-3 440 bp
Cdk2 5’-GCT TTC TGC CAT TCT CAT CG-3’ 5’-GTC CCC AGA GTC CGA AAG AT-3’ 316 bp
p27kipl 5’-CCG GCT AAC TCT GAG GAC AC-3’ 5-AGA AGA ATC GTC GGT TGC AG-3’ 120 bp

*GAPDH; Glyceraldehyde-3-phosphate dehydrogenase.

ol ue 9 FAHEYS <913} 12} Western blot analysis
g Q3G 2429 AgToeny dojr xHo
500 1<) lysis buffer (NP-40 homogenization buffer, 1 mM
PMSG, 1 ug/ml aprotinin & leupeptin) & 3 7lste] Z4&
43k 3 4T 3087 WA 5k 13,000 rppmol| A 4T 10
271 AAIRE 3 5 bovine serum albumin (BSA)S E&
AlE & ste] 540 nm 3ol M FREE S7gstke] (UV-
1601PC, Shimadzu) 7} A| 29| vhal kS A3

5. Western blot analysis

7t AP o2 HE 20 ygel Al aceton 100 ylE
A7kt & 41 % 12,000 rpmol| A 587 YRS
o AAHAES F7|FdA AZRAZ] & sample buffer
(0.125 M Tris, 4% SDS, 20% glycerol, 0.05% bromophenol
blue) 20 plE #H7), 100TlA 387 FH3 F SDS-
polyacrylamid gel (15%)& ©o]-&3}e] 100 Vol A 147} 30
B AVEES AAETE AVl B gels
£} electroblottingd} 7] $]%F transfer buffer (48 mM
Tris, 39 mM glycine, 20% methanol, 3.75 ml 10% SDS/L)
o 7)1, blotting®] A}-43+ Immobilon™-P membrane
(Milipore)S gel =712 Z2} methanold] A FH5AS
FoJslk & transfer buffero] B7HF%At}h Electroblotting-2
semi-dry transfer system (Bio-Rad Trans-blot SD semidry
transfer cell)S AFE-3}H, 12 VE 458 FoF AA|3ch
Blotting®] ¥4 membrane- tween-tris buffered saline
(TTBS; 20 mM Tirs-HCl pH 7.6, 137 mM NaCl, Tween-20
1 mijL)oll %83] A3 3 o} blocking buffer (5% skim
milk in TTBS)Z &A 1A7F &3t F-2A ¥-gAH T
Blocking®] £ membraneS 2@ 35}A 3 A H 7} o]}t
Aol Aget AR g A7E o) d2olA] kg =
& overnightA]# ¥H3-A]7]1l, TIBSE 10827t 3 A|F
sto] dAFAE FE AATF & o] A4 BD
PharMigen Co.)Z 1At F<t 420l wh-g-AlZ T} oA}
FAE &3] AAsL7] flote] TIBSE SEA 53] A1
3l & TIBSE A #4312 ECL kit (Amersham Parmacia
Co)E AH&-ste] Walsta HFo] 7H3atrt.

6. SHEH 24

BA A2l= SPSS (10.0)& A&t oH oA HA
L one-way ANOVA, t-test o o3le] Folf=g

0052 7]F3t9H

N
=

2 el ool B BA5e) WE ARL 20464
A (89): 22-454) 9.

1. RT-PCR
$2]4 7% RNAZ 0|83 RT-PCRe] Wyo 2
7§74 HEHES 3918190 (Fig. 1). GAPDH

Ec Eu C
e -
Cdk2 316 bp

Ec; Endometrioma

Eu; Eutopic endometrium
C; Normal ovary
GAPDH; Internal control

Fig. 1. mRNA expression by reverse transciption-
polymerase chain reactoin (RT-PCR).
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(Glyceraldehyde-3-phosphate  dehydrogenase)E  internal
control2 AM4-3}¢] semiquantitative3tA] 2} - AxFe] W
A =S v w3 A7} cyclin D1, CDK6, cyclin E, CDK2
o wrlo] B il Wl AFUET A uol
A S8l F7s e slgleh W p2r e A9 A
WEE AguE 240N By Bl da) Bt

@ wage 148 vehld Fg 2.

AT AW 2AT 1) WA 7
F74 a9 FPAEe fola oS WA
gt

50( L—L

/7 BEc -

= 40 Bey

& oc

i

g 50/

#

2 |/

& K

k:

E

g

[e]
cyclinD1 cdkb cyclinE cdk? p27kpl

B Ec 11.2+1.3 2.9+04 8.7+24 4.8+0.2 3.3+ 1.4

BEU 114 +1.8 43205 99+23 62x1.1 ATx 210

DC 10.1+£2.2 1.8+1.1 7.4+1.2 40+1.2 44.0+3.1

Fig. 2. Quantization of mRNA expression by RT-PCR.

2. Western blot analysis

FApe] ¥ o2 HEH £, BAG 43t
Western blot analysisE 43§ &} 3t}h. A4 dhato] B)a)
AZ g7 AFeZol A cyclin D13} I kinaseSl
CDK®, cyclin E9} CDK2¢] 2871 §-25tA F7Fet4
o 7o) MHEEE gadkgi (Fig 3).

Z2+7+o] A3}E internal controlQ! A -tubulin®} H) w8}
competitived} 7] densitometerS ©]-&-35te] ¢23A171 2
o ofak £ p27P'e] WA E A 217
H3) zguebE 244 AT A A R
(Fig. 4).

B A g ol

o
AW FA Aoy vkl A FEF /AL
3 AES B vE SR Ay deow T
o] FrFEH ofg ATl =78k HEd WA
2 obd dHAA gokon 53 TAYETLAA 1A
ol e A7+ ol Huso] 94 Jrt. whehr & o
ToAE Had B ASWELE, A d, A

47o} )

Ec Eu C
Cyclin D; - 36 KD
Cdké6 - = 40 KD
Cyclin L~ — 49 KD
Cdk2 — - 33KD
p27e - -
B-tubulin N — ——
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Ec; Endometrioma

Eu; Eutopic endometrium
C; Normal ovary

B -tubulin; Interal control

Fig. 3. Westem blot anaIyS|s of cyclins, cyclin dependent
kinases, and p27**".

Optical density[%(0OD-Bkg)]

0 cyclinD1 cdkb cyclinkE cdk? p2 kel
BEc 57+24 68427 87438 10028  24+12
BEy 44130 5.9+ 3.0 50+2.2 72422 6.3+2.8
ocC 1.3+0.4 2.2+0.3 2.0+06 40+ 1.2 43.5+ 3.1

Fig. 4. Quantization of protein expression by Western blotting

analysis.
gro g 1 74zt %28 A2 5to] RT-PCR, Western blot
analysis "ol 2|3 cyclin-CDK$} CDKIS] #}o]S H]w

A5k } Weksa AdE XTI 2AHR9 o
M skt Akt

HWAH o7 A EZ7|Y ZA/NAL Bdsly Be
A FAEC] B AEF79 o] G@AA 9
Az & WAL & Atk THFAM Gl F49 %
Aoz 74 & LRl AL Dtypedl cyclino] ™ o
3 £ Q4o 93 A= ukgslut wel AxH
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AEF 527t 249" Dtype Gl cyclin= CDK4,
CDK6%} #& #o], Z23l= A Eo]A EFJHoR t2
A dEEs 3480 §42 AT Baguolxs}
cyclin D Ao AALE 2AAA G17] Fubo|| rate-
limiting 7]5& 438 &4 EA3}9 cyclin D-CDK &
gAE F=dot”

Cyclin D1& dgmaz o)A W e G179 XY
o Qo] A AY ¥ak oy} rate-limiting A=
*1 Agate AR AR F cyclin D1o] Fid s
H G17]9] A|7ke] ©@=5 &= WA G17] Z7]9l cyclin D1
A E vl FFARSHA cyclin D19] 285 A3lstH Alx
EL 2 So7HA Ratu AEFIE PEA wnt”
A7z & F JE AL cyclin D10] mid-G17]¢] 2
S %xA3o /H] late-G17]9l] 0|27 &1 o] wf
o2 As7t Aeste S7129 AYs A=A =
o Aolth. Cyclin D1¢] &2 ¢l &2 CDK49} CDK6
o]m o]7le] &AL CAK (cdk activating kinase)ol| 2] 3|
ZAHe o2 48A ok ERFEMEAA cyclin
E¢] &L cyclin DIRT %A dojdth 283 cyclin
E-CDK2 kinase 42 A|E7} S7]|2 E9717] A A
dojdt}. Cyclin E 3 cyclin D13} vp3i7bA| 2 Fpddd
HWA G179 @5 op7|stA Ha FAE n|EFALS)
o 1 7)%%E LelEtd AEEL SVIZ EoirkA &3t
T AEFIE ZASA 8 CDKu 0y
719 Q&S AFAY A= AsE
71 24 7143 s LEEEM °‘E‘r P2
AR e o3 wEo] A E L TGF-5 ¢ z—%
ARZERIAL 93] WEo] FEEHW p212 fFARE
AT oll g} T2 /9 AsT v LE‘r.

AAAA Qg ozl o) AT Aol w=H CDKI
= Adute] ST 5 7Y dRe Aol u
&7 gwge p7on o|g} A7 cyclino]u} CDK
o #3 ATe ofH7A Ti TGl I 9
e —% e su 5¢ o) walel o4}
W 543 AR AY %6] 7HAstE ¥ cyclin B9}
CDK2+= frofahAl HAdE Yt Buste o $Ax=2
Rl e AN AT 457 et Ayt
o Wate ATe Bud Jatd” A AT 2
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H Aol 4% A3}, RT-PCRI} Western blot analysis
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%l cyclin-cyclin dependent kinase (CDK), cyclin dependent kinase
9] °l“°ﬂ st Golr Al 4L}

YAZI) F G¥)o BRA 4% 2 A
AP ATINE 233 84 24 8 AT 238 A
WAy 359 FAT| 2HAH o7 7]93l= CDK molecule, CDKI°L]
AA} -’E,‘—?}ii A u-S- (reverse transcription-polymerase chain reaction, RT-PCR)
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