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Telomerase Activities in Ovarian Malignancies
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Telomerase is a ribonucleoprotein that can add hexameric TTAGGG sequences to the end of chromosomes
and thus stabilize telomeres.

Telomeres are shortened by progression of cell division, a process known as cellular senescence. If
telomerase activity is not activated the chromosomes are shortened to a critical length and the division of cell
is stopped. In cancer cells telomere shortening is stopped by the prescence of the enzyme telomerase and the
cells divisions is contined indefinitely.

Most normal somatic tissues don’t express telomerase activity, but both fetal and adult human ovaries and
testis express telomerase.

To investigate the relationship between telomerase activity and acquisition of malignancy in ovaries, the
activity of telomerase was assayed in normal, benign, borderline and malignant ovarian tissues.

With TRAP assay, the telomerase activity was examined in 15 normal ovarian tissues, 1 benign mucinous
cystadenoma, 1 borderline carcinoma, and 10 ovarian malignancies.

Telomerase activities were detected weakly in 9 of 15 cases of normal ovarian tissues and were not related
to the activity of reproduction.

The strong activity of telomerase were found in borderline carcinoma and 5 of 6 cases of epithelial ovarian
carcinoma and | rest case revealed low activity. Telomerase activities in dysgerminoma were undetectable in
one and weak in rest one, but 1 case of immature teratoma revealed strong activity.

The telomerase is reactivated or upregulated in epithelial carcinoma of the ovary, as it is detectable in
borderline carcinoma, but is undetectable or weakly detectable in benign ovarian tumor and normal ovarian
tissues.

Telomerase activity is closely related to the epithelial ovarian carcinoma, and it may be useful as a marker

for diagnosis and as a target for therapeutic intervention.
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The dysgerminoma revealed no or weak activity of telomerase compared to another germ cell tumors and

epithelial carcinomas, so further study will be needed to examine the role of telomerase activity in

dysgerminoma.
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Ate] MEE AT WaMe 22 Asd |
A oMt 248 ke ol EBAlFe kilrepl-
icative senescence}e}il &1 olv £F A9 k3w
o] ndz o]f3cHHayflick and Moothead, 1961).
oIt o A2 FAMEY KA FEFFHA
(proto oncogene)] #A3H} FFA A F A Atumor su-
pressor gene)?] o] QAo Yeues § o
7kA8 M2 G fHAY wste] 7Astad YAk
7 ojd 94A 71z A $4& de 7S
HoluAl Hu2 HAFA gct = ZYAEY 43
£ mansformation} immortalization®] oj&} @A E A
2 o]golAm H2 M EAKcell momality)E ZW3}e
BAo] B B A7 A g ARAH AN
immortal phenotype(unlimited cell division)o] A7} 3%
Aol tiste] B2 AE7F dojH

HAH DL H(telomere)2 AHA T FUA 9
Uedo] Xg DNA ¢ 99 d XAz F459
de FREEAM F449 B3I, JX4F ¢ BA
of #ogitty ¢ gloed ANy 4 &
F AN TTAGGG 71X ¥o] ddZ wiEH
ZE &3 9 t}Blackbum and Szostak, 1984; Moy-
zis et al, 1988; Cross et al, 1989; de Lange et al,
1990). AAHEe FaA = A4 o]F UM DNAZ
TS0l Aded FMA BAA 3 L] M}
A BA7t 52 Rate] GAaFe] ddk & gMA ¢
AP dolsk AH FolAA Hy FAA EA
d @& EAY & AE U9 ribonucleotide protein &
429 d2ugo]Z7] telomeric sequenceE Eo]lEZ
Z 8 5) o] At} (Greider and Blackburn, 1985; 1987; Cou-
nter et al., 1992; Vaziri et al, 1994; Harley and
Vileponteau, 1995). $ARIoNA AL G g
AY2 germ line?] FMA QLAY vF A3
#5¢ BEAY 4 gled, ol d2dyolzy ¥

=4 e ofn

Aol HAMEAME BFol AANE HAFoth 4
o Q¥ gAY I W AXEEE ¥ ot
15~2007) Az #HAg L 4ddted o FAA
Ay Zolo "dEE AEY BES4E YE
£ mitotic clock(®6+= bilogical clock)e] d8g & #
o2 AZEn glow Td FE3 Hohd HAA
guAge 4 A dis) Xz =37t &%
& AAlsle 432 FE3d3 A4 YthVa
ziri et al, 1994). 23 D2 H¥7} EASTY x3E
Hatn E3 FY FA87) HME, 53] 44
X9 Aoe g 9T4aYY HEC] Pagte
&t olZA H7| fEAe BEAsEH e d
2| o) 27} Y3t Hojof gt

2 davgolze 48 ¥ + Y F5@
uhy o] TRAP(telomerase repeat assay procedure) W
o] HAH o]FZ W FHY FolA dEryo)=
7b g4stEol e RE HIFYHKim et al,
1994; Piatyszek et al., 1995). D 2u]go]2E 1007}
o]At9] immortal cell lined] 98%, M2 ThE F{FY
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3}+= immortalization/tumorigenesis Aol Fa23 o
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ool N e g2 v o) Z(Telomerase) A9 Wl A4)-

23, 199 Ay dAFY 23, 199 BAN F
G dA 24 2 1199 dAG BAoA b
dzAE AAHHAeY 39 diAd B
e daol 4 =L A HH3AD. AAE
Z3& -80 T2 Y53l TRAP assay Al3JAI7HA]
2tk olg9 Wz} AAL F84A dof
Ae 22 P Ao gz} RA¢ F EFI}H2H
W8 AL Table 13 ZQEcHTable 1).

a)

2. XRO2-E CHdiX) HA|(CHAPS cell Extract)
WA 23 100~200 mge phosphate-buffered
saline(PBS, 10 mM HEPES-KOH, pH75, 15 mM
MgCl, 10 mM KCl, 1 mM DTT)22 1~23 A3
Fo 500 p49) lysis buffer(10 mM Tris-Cl, pH7.5, 1
mM MgClh, | mM EGTA, 0.1 mM PMSF, 5§ mM
2-mercaptoethanol, 0.5% CHAPS, 10% glycerol)}oll A
B4712 248 F SN 08¢ #$HE ogF
12000Xg 2 3087 433 4FAE 53 Acth
348 454 70 Tl RAspEA AF A&
sl cHKim et al., 1994).

3. ZAO2EE DNA 22|
300 mg 359 ZFo| 23 100 mgd 1| mly
extraction buffer(10 mM Tris-0.1 M EDTA, pH8.0)%} &
Yol ultraturrax homogenizer(IKA Co. Germany)Z
15,000~20,000 rpmol A 3~5% AT 2L B4
7)1 RNase®} sodium dodecyl sulfae(SDS)E Z+4

Table 1. Telomerase activity in ovarian malignancies

FFX 20 ggml Y 0SHWIVIE 4L F 37 TAA
N F4 AREHAT A7l HAF FE 20 pg/ml
9] proteinase K& Wi 42 £ 50 TolA 343 &
2319l o] A& Tris-saturated phenol, phenol/chloro-
formfisoamyl-alcohol mixture, % chloroform/ isoamyl-
alcohol mixtureZ 2z} 13|48 Azl Aty #H &
AA F ASd g %ol 02 volumed 10 M ammo-
njum acetate®} 2 volume®] ethanol& ‘¥¢] DNAE %
AANAY 2 F f2Eo2 DNAE AANY 70%
ethanol2 Al 3§ t}2 10 mM Tris-ImM EDTA <o
DNAE =9 ultra-violet spectrophotometer® & %
TEE 34 F 4 Col 2@3HA ALY IBlin
and Stafford, 1976).

4. Telomerase Reteat Amplification Protocol(TRAP)

WA 0.1 pgo Cx. primer(5S'CCCTTACCC TTACCC
TTACCCTAA3)E 02 ml tubeol]l Y& X Speed-
Vac(Savant Co.)& ©o]-8-3to A3 T ohg 10
o] oAAAee] AmpliWax(Perkin ElmenZE Y&t}
AmpliWax7} @43 Z& 2 5xXTRAP buffer(100
mM Trs-Cl, pH83, 75 mM MgClh, 315 mM KCl,
0.025% Tween20, 5 mM EGTA, 50 mg bovine serum
albumin, 50 pg/ml T4g32 protein), 0.1 g® Ts primer
(5’AATCCGTCGAGCAGAGTT3’), 50 mM$] deoxyri-
bonucleotides, 2 unit®] Taq polymerase(Perkin Elmer),
03 w9 a-"P-dCTP(Amersham Co., 10 xCi/ud), 1
23 6 g A7) WHeE &9 dNAg W

No. Age Tissue diagnosis Stage Telomerase
15 42 Normal Ic. Gl Undetectable
16 49 Paplllary serous cystadenocarcinoma . a‘ Low

17 21 Paplllary serous cystadenocarcinoma High

borderline malynancy b, G3

18 59 Papillary serous cystadenocarcinoma la High

19 23 Dysgerminoma la Low

20 21 Dysgerminoma la Undectable
21 43 Immature teratoma v High

22 63 Malignant mesothelioma la G3 High

23 43 Serous cystadenocarcinoma V. G3 High

24 52 Endometrioid la G3 High

25 58 Serous cystadenocarcinoma High

26 75 Mucinous cystadenoma v Undetectable
27 63 Krukenberg tumor High
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3 AdlA 1087 FUch I ¥ thermal cycler
(GeneAmp PCR System 2400, Perkin Elmer)el 4 94
TollA 30%, 50 TAA 30%, 281 72 TA 18
308389 PCRE 27 cycle A3 cHKim et al,
1994). 2% F 471 w&YE& 15% non-denaturing
polyacrylamide gel X A719F ¥ 2 o z
PAIE S AASAT Size markere 7-"P-A
TP(Amersham Co., 10 uCijut)Z 5'-end labeldt 100
bp DNA ladder(GibcoBRL)S A3ttt ¥4 Wz
TOE HT-29 HEFE oj&dnen E4AEE o
B4 519969 WM 22 @9 2 g o4
G4 e YA BY gA4E Hole AHeg 1
olgh= kgt g0 2 BRI

5. Telomere Repeat Fragment(TRF) 20| £

22)% DNA 5 g2 H§EA Rsal R HinfllZ 37
ColM 12417t A2 ¥ 08% agarose®} Trisborate-
EDTA buffer§ AM3tel 3y AH7/|GdFFAZ 10
voltoll A 24412 A7 GFE%T. H7AFE geld
02N HCI $oA 108 A5d F FHF FA 4
T 0.5 N NaOH/L.5 M NaCl £ [A]7F A& & 20
x 8§8C(sodium chloride-sodium citrate)® © 2 nitrocellu-
lose membrane(0.45 yum pore size) & 1547} Southern
transfer& A A8l t} Blotting®l filter = 80 (' A ¥
QEoJA 90&7t bakingsld 1FAIZ F HldF Al
W1 sealingdt Th2 d|Al#Ao]Ejol B#EITE7} hybridi-
zationg A3 &t} Hybridization2 nitrocellulose filter
o] 075 M sodium chloride, 0.075 M sodium citrate,
0.1% SDS, 0.02% polyvinul pyrolidone, 0.02% Ficoll
400, 0.02% bovine serum albumin, 5% salmon sperm
DNA 2 50% formamide& ##3% &4& ¥ 48 T
ol 4] 16A]7} prehybridizationg HA&t1 I thg-ol di-
goxigenin(DIG) oligonucleotide tailing kit(Boehringer Ma-
nnheim GmbH)Z o]&3l9d DIGE H=AF (TTA
GGG)4E Y 48 TollA 24A)7F hybridizationd 44|
St} Hybridization 3 WE]E 4xSSC §402 A
2014 208, a8 ZL Yoz 48 TolA 30%
488 T} DIG-luminescent detection kit(Boehringer
Mannheim GmbH)E o] &3l DIGE HA|E probeE
AN xray BEo =3t 7E8AY TRF 2
o]+ GS360 scanning densitometer(Hoefer scientific Ins-
truments)Z A}8-3te] YT Al(densitometer)d 714 =&
X & Jehle £& Y9A2 3k

ma i

dadelAe dadyolze AH A4¥E ¢
71 3t B dAzAR %4 dAFY BAA
oy ¥ dagdMe danyolz g§4e A7)
8t TRAP Wdl o3l AAstgct

1. Za TR HZHICI0ERY &

1599 A4 d& 23 F 9%0] 4P ¢4E B
I en 63 A g RolA ATk H&d
A9 ¢z} daeolzo ¢y WHEE Y £ 3
o832 o|gs gF%e B7| Ate B #Fo| §
B 4d7] ol dAE BENE W 5HY A7) o
¥ g 3390l 4 A4 wEE Hyen 29
ol YUt ¥hEo] fle 19e ATFF gz
ARd A8 F da7)Fol §lold EAATHF. D).

(BPR 21 3 45506718 9104112 1314

Fig. 1. Telomerase activity in normal ovarles. 2, 4, 5, 6,
14 represent postmenopause ovarian tissue.

2. HAY0IMO EI20IcI0IX0l &4

192] AAA JdAYBorderline malignancy)d] 4 =
38 A4S EYom, 299 v X F(dysge
rminoma)& #Ao) YAY e 4L BJD 19
U AuA dAgdMe 68 2% 848 1gsd
o] & 142 4% AL BYu 199 n4%Y
Z(immature teratoma)®} 1 9] mesotheliomad| ME 7}
g AL B YchFig 2 ¢ Table 1).

3. LAA0IMOl Srx EH2tglol 20|
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Fig. 2. TRAP assay for telomerase activity in ovarian
malignancies. nc represent negative control. Nu-
mber of specimen correpponds to tissue sample
number in above table.

daotol Mol Ay iy HolE 4l 9
5to] DNAEZ A gEA HioFll ¥ Ralo 2 AYG &
A719 538 Southem blotdt T} (TTAGGGHE o]
43l AME Ax FAZH HEto 147} f9
3 Z718 Holm gdem ymAE Aol Aot
(Fig. 3).

wH3} dre 1 d9de dE2dy
ojz9l @A TuiyY MHEA HFE 3 4
AMa Aol ZolE end replication pro-
blemo] ¢J3te] ZolxE dl wldld dzoyo] =}
AuA duide HolE EHFER I AHE F
AsA ok g 4 2HAME d2dyolz
7h 2A3A g d detd gz FHdAMe v
o)z7} 483t AlX LYUgle BEE Yo
= 9i¢lo] =}l TRAP assay 1007}%] ©]4}9] Im-
mortal cell line?] 98%, M2 T & FFH9 Pz
oA 90% olgellA BAI He fHE ] F4
S s AdEdMe Ay vehta goy 34
dAZzHs nf8xHe danyo)z P4 g
Bolg Ao ¥#A JYThKim et al, 1994).
Wright 5(1996)}& AA 9] germ line T3 oJu} A
ATz L ATA elo} A 77 Ft UAH

Fig. 3. Sourthern blot analysis of terminal restriction
fragments performed on Hinfll and Rsal-
digested genomic samples with digoxigenated
(TTAGGG} 4 oligonucleotides. Size marker are
indicated on the left (kilobase. KB). 1-4; normal
ovary, 5. papillary serous cystadenocarcinoma,
6; Endometrioid carcinoma, 7; Serous cysta-
denocarcinoma.

A BHE Holn 49 AME FHgMe wEHo)
ot goto] va 9 @A A4l 3H % di
e 2 o]z YA WL Holn 453
A2 dad e AR gon oL 4 F
Aol =il U blastocyst A|7|HE 2 EA3He
Roeg 4HA Uk dAa ZFAME OE zAFH
g G 2FHAME d2dgolze Wde] glo
22 P dFdAE 949 4 daoA e dau
o)z 8A4sE X7 A%t 1599 AN da 23
oA #ES AR 9%elA 43 FAE HGowy
ool e HE &Ao| gt ol AxuAY ¢
7} Qelo) He= Ao g Algst ik

dAad 2HdME 199 ¥4 A4 4HFY
oA dawgo)ze] FAo] Ao, 199 HA
A AydeAe e 34 Bes 2Ad FAA
Auiete vad $5d o FE 7HAHTaylor, 1929)
A4 24D 2HFHoZ bE HL epithelial budd-
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ing, ABHEY FH, FAELY S (mitotic activity)2]
Z7h 2 AxEe oY A@ypia) 2 TEHW, U
o ARMEgHE g 71d9 Fgo] dve H
o] x| HES E4L gonz davgol=z
9 #do] yehddn £ £ o E ol AEA
Ae g9 goy @A 71ddko] de A3HEEY
9 AYDARY AFAEF gl e davigol
z9o| wdo] Yelvde Ry fAMS 7oz B & ¢
cHutE8 F, 1997).

AdetAlol e wHe AFAA A7E 4109
F 30% 7A7tolol A HEHE Roeg <A s
AAA dagdde F0 88 odF ddoz @
A7 g8Y Aoz Atg €

Chadeneau §(1995)2 A Edel st golA
FAe MEEYME daolgolze gF54o] 1}
A g uhd AgdolMe vy Aoz B
of dEnjgolze] Ao Aol AP Fad o

gg IoE A ¢ 4 Aoz dRew, Hiyama

5(1995)2 A¢ge] 58%cM A& Byem @49
Ae 499 80%c Z7IYoln, 1 e 84
=7 g 2S84 sdn B3 A T
2 Ao Tahara 5(1995)& ZHHIXA 7Hhe F49
a7 g47)el BAlgle] 3% F 28N "2
Holz7t BFAL Bl ¥ A4 T z2FHgME
0% F 190] 4 BFAE BH @k Kol
A gL 8% F 199, WAWFE 8% F 6%
N 4d BFAHE Holn Yo TAEA it
ST olA o]5 9 FRA F3td HuAct
279 BT EAN 1L 43 BAS 18
o gAo| AUedl, olv Zheng §(1997)8) B
A 1ge BlREHEZAAN FdHol e AF /At
3 ABXE B o] A WAR 239 YFy
gy A go el ar9 Hag Addd YethA] &
£ 754 F HAZE A4 Yoz Wy
o] glv AHEA FEF F4M dTAY ZolY
A LHAA] gr 9E 71FHe] UL AR H
nan en, 53 3 WA 4o gd& s
g Aeg BAL Iy a3y #e AY4E
g 7dste V478 FL FEEY FNHEE
Holu oA n|RFHEFNTY FAo] Wwormz
o] YUglegy mEFHNEEY I g2
239 digae o2 A ity o]FolAH
3 WA Yorche Az Fde] glg sMedel ¥

1% 9

onl ¥ ole] idt o We A7V YA Aoz
At g

A4 dAgel e 53] B F4E 15
o3t FAE Holv, dadms tay HolE me-
sotheliomao] A & 75t %A L Holm ich

ol2id AHE £ o diagdMx U9 23
Al 7igdell we} davgolze wio] detAng
= Ag ¢ F 9l AFAA BRuE 98 79
Fola dzefgo]ze] BHL o 85%20314 F
1734yl = Ao delx o dade 88% %
SolA BAE WolickShay et al., 1997; Zheng et al.,
1997; o€l A} &, 1996).
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