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Increment of Telomerase Activity with Breast Cancer Progression
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Purpose: We studied the telomerase activity in normal and cancer tissues of the breast
and then compared it to the clinical parameters.

Materials and methods: 36 paired normal and cancerous breast tissues were assayed for
telomerase activity by PCR-based TRAP assay(telomeric repeat amplification protocol).
In 17 cancer tissues, flow cytometric analysis for S-phase fraction was done.

Results: None of the normal breast tissue expressed telomerase activity while 23 out of
26 breast cancer tissue expressed telomerase activity(92%). Clinical parameters such as
T-factor, tumor grade, hormone receptor expression, mitosis, S-phase fraction did not
correlate with telomerase expression. However, telomerase acitvity increased with cancer
progression such as; in a state of lymph node metastasis and in an advanced pathological
stage.

Conclusion: Telomerase activity was expressed only from cancer tissues. And this
expression increased with cancer progression suggesting a possible therapeutic target in
breast cancer.
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%, immortalityE 3 53l7] Y= AE SGE
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mortality stage 2 (M2)E 83 4 9lojo} &}
Ml stagex= BAAEI} ] 0|4 Rodsla )
&S AEAY A2 vhole 2 Fobaty
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based W*H (telomeric repeat amplification protocol:
TRAP)o| 7ubgell whet o} F A ofe] =2

X telomerase®] A A o] 7154 5o}
(8). =71%] telomerase B2 AL Hxg
gl oll], HAHg), 9, Hlt, 7+, uiAg,
S%, WYAL, TARE, LS Ae) 2
dofjA BAFIdt 53] =71 telomerase A
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< #I$H3 neuroblastomaoi|4] 33t} B3 olF
9} FHo| 9oy HaEd. ey RE
o] A zA At telomerased] FAlo] A2 B
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2) Telomerase assay

Z72-& 200 ple] YAk dysis buffer (10 mM
Tris-HC! (pH 7.9), 1 mM MgChL, 1 mM EGTA,
10% glycerol, SmM beta-mercaptoethanol, 0.1 mM
phenylmethylsulfonyl-fluoride, 0.5% 3-(3-cholamido-
propyl-dimethyl-amino-1-propanesulfonate) Woll4] =
2 ¢AINE Agste] 20,000 pmo g FAZ}
AlF o, o] AL cold roomel| A At
Suspensiong A3 HollA] 307 A& o3 15
27 4CoI4 APl 43Ae Helshed
—80°Coll & WEAIZh FuiA HFE Brad-
ford assay (Bio-rad)®ol] 2la] Al#3st o} KimE
99 Wylol ©l3l] TRAP assayd Al%jsl3ich.
TRAP reaction 20 mM Tris-HCl (pH 7.9), 1.5
mM MgCl, 63 mM KCl, 0.005% Tween 20, 1 mM
EGTA, 50 uM deoxynucleoside triphosphate, 0.1
ug/ul BSA, lug T4 gene 32 protein, T4 polynucle-
otide kinaseoll 2|3l (a¥P)ATP7} £ =5 0.1 ug TS
oligonucleotide (5’-AATCCGTCGAGCAGAGTT-3")&
E3E 50 ) §Fo g Asict. A4 20
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Fig. 1. TRAP assay of the cancer tissues. 1: 293 positive
cell line, 2-6: cancer tissues from different
patients, (—): TRAP assay without RNAse pre-
treatment, (+): TRAP assay with RNAse pre-
treatment.
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Fig. 2. Comparison of telomerase expression between can-
cer and normal tissues by serial sample dilution.
293: positive cell line, C: cancer tissue, N: normal
tissue, 1:6 ug loading, 2:0.6 ug loading, 3:0.06 ug
loading.
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Z FoZ 293 AEF (human embryonic kidney
cell line)®] FZE& A-E3ldvkFig. 1). z+ FHA
+ Hiyamas-(12)0] A]3gt ubol] u}a} 0.06 ug,
0.6 ug, 6 uge. 2 3] 4slod loading &+ &, 0.06 ug
Aol 4] 2E] telomerase activity7} VFERLE 7S
£ high expression, 0.6 ug H A A FE] Ve
7Z%-Z intermediate expression, 6.0 ug 7] |l A ut
el e 29 low expression @ & At} Al
712 72l 2 5oll4 band densityE ZAHY 4 ¢}
= A5 S42 sdckFg 2).

Table 1. Patient characteristics

Age median 49 (range 36~ 66)
Size median 3 cm (range | ~7 cm)
T-factor

T0 1

Tl 6

T2 25

T3 3

T4 1
Node

negative 19

positive 17
Stage

0 1

1 6

1A 11

1B 12

IIIA 5

111B
Estrogen receptor

negative 25

positive 11
Progesterone receptor

negative 25

positive 11

Histologic grade
1 12
2 14
3 9

k38l 9] : uketol|A) Telomerase W 71 1035

3) Proliferation assay

Flowcytometryt¥= %%]-& phosphate-buffered sali-
ne (PBS)&Nol|A] AA] ML F meshE fllter*]-O:]
A E 3hslgdcl A1AE viable AJE <=E 10,000/ul
2 2% ohg 435 ?4_“]%3}@]/‘1 mitosis
count:= 4008} Ao} 10 fieldsol]A] mitosis7} kAR

B AEE A F oAk
4 W25y W 8

W 2|82 W)= TNM staging classification, &
L WHO criteriaoll €J38)] A3s}gic}.

5 EAH YWy

Z} F-9] categorical analysist= chi-square test %

Mann-Whitney ¥ 0. & A|3§s}4c}.

4 a}
D) Oy #xiol ay Ko

36019 Feredd-e 4941 (H9): 36~66A)Ach.
T-factordt TO 14, T1 64, T2 254, T3 34|, T4 1
ol gos, AZA Holz} Yk A7t 1961 ch.
HWadAd wrE w7 0 14, 1 64, 1T 234, I 6
IRtk L 9] Q4H BAS Table 13} o).

2) SHb XX A telomerase SH# H|

A Sl =Z37] 360]] EF-ollA] telomerase acti-
viye BEEA ekskoh §2¢ 24 3 3%l
(92%)o Al telomerase activity7} B2HE]gl ow, o]

Table 2. Telomerase expression from paired normal and
cancer breast tissues

Positive
Negative
low  intermediate  high
Normal 36(100%) O 0 0
Cancer 3( 8%) 8(22%) 16(45%) 9(25%)
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Fig. 3. Comparison of telomerase activity with proliferation index. A: number of mitosis B: S-phase fraction by flow

cytometry(%).

Table 3. Comparison of telomerase expression by stages

Negative- intermediate-

low high p-value

TO-T2 11 21
T3-T4 0 4 0.21
Node negative 9 10

positive 2 15 0.02
Stage

0-1I 11 19

I 0 6 0.004

% high expression® 9ol (25%), intermediate ex-
pression 166]] (45%), low expression 84l](22%)
ofl 4 A=l t(Table 2).

3) 2t YA} QIXI0|| [HE telomerase WE H|

Histologic tumor grade, estrogen receptor, proges-
terone receptor ¥ of] wE telomerase 2] ¥ Kol
L zol7t gt £k =4] 9119l mitotic index
st relomerase HHEIZHe] RS UHeA 23}
9Jt}. b S-phase fraction (%)S telomerase®]

ol F7hdoll wel 7ol Frhshe Aol A
gl et A variationo] A&l cHFig. 3).

4) HII0{ 2 telomerase WS H|W

otel =719} telomerase W zte] A4BAL
2 ¢ gllel wbd, FZA AHolzk dv AF
88% (15/17)o)|A] telomerase activityZ} intermedi-
ate-high level® #&xE|gleor} g = Hol7l gl
= A9 53% (10/19)0)| 4] intermediate-high level
o] WA=t W7l N9 ZHF 60l Z5ollA telo-
merase activity7} intermediate-high levelZ T35
gom, Wyl 0112 A$ 63%lA
ate-high level2 W25 ¢lc} (Table 3).

intermedi-

n} a

Telomerasex= RNA-dependent DNA polymerase 2
TTAGGGS] 17149 E wEHez JHAL
24 AEEGA e A fA EAE Bt
E £23% d8-g @dslar 3lch@3). Telomerase?|
W2 A9 3] germline A|EofAE #F



" i, A4 AAZAE B A Feri(3
~17). wetA B4 ANAZE 5 29 AXEE
Eoll telomere Z0]7} YR Ho| ojst2 Zh4dpy
A old B9EsA X3lxm Add) g 48
AMEAA telomerases] Aol A 7oz
<43 telomereE HE3le] immortality E VERA
o # dFoAE 3 o) 34 4 =3
A A ool A telomerased) WElo] @Az A
okskeh 2eiv et 2F A E 2%04 Wy
o] A= e 1 WHHEI} z2Hq) wel o
S . 4wt oz Qo] Ak AE
A 54 BFd59 240 97| BtE HEl
%4 Ayl wH3lel] A AYsing, gy
9] FAEE M1 AH71AL FHE o] AT =t
EA] M2 7]-0] FEEo] QA= gt F 179
LA E7} M1 stageollA] transformation®| v, o] A

T T3] M2 staged FE3A] Gas d4H
A F& FAo) shesiAl H e ol o) AX
7t M2 A7) Ao o]27] Aol FHolx 50 &
493 5 7] wifolrh o9} 7ol M1t M2
AE71A Aelo| A AlAE AE B = trans-
formatione] = M| EFlA Al Aale]7] ufE
oAl AAl A WellH o] 77t AstE AE
el diAs A FEI QAR ket
A8 tz2e] duh} We immortalized
AEZ FAF] rfel ot AR $5 9l
+5 AABlE drh26).

W, o Asel A Rl $A FkmelA
T+ telomerase®] #4o] H2E M olfz} of] ¢
ZA A= ZH4AE telomere] Zo)E B uE o}
(27~30). wiebA] telomere?] Zol7} &2 e A
o|7} 71 qbell w3l MEF-Ho] B} fol HAy]
Ak 7HAE 471 Qlew, 1 Az Aol k=3
oAl A 9] telomere ol A ZF | wlsl| Aol
AeesE F, Ho AAY FE dAsAd
(31,32). o]z{&t & ZA] terminal restriction frag-
ment (TRF) Zol& AEXFAe] #AAHOE o] &
g o glew FAFE uwgdn & 4 9rh
HbH pre-M2 stageol] 9l+ A E = telomere?] 72

2t 9] et A Telomerase 8 F71 1037

o7} AAE && ¥ viE telomerased] &40
7t=o] QA odeka A S St o]#dt o]
FrollA "AA7A] Badl o8] FHA telomere
9] i3} 9l telomerase?] W o] t=FolA WA
=t AEFA ] AR GUEA gkn gl
(31~33). B dFolAx Foke] =7] (T-factor),
¢ B35, IEE A UE o] /£ dF
A} telomerase W7ol FAAdL #FAd 5
Sk = X F4]90z¢l mitosis number,
flow cytometryoll ]38t S-phase fraction(%)-2 telo-
merase %4o] BE Folldl T BT ZAhe
A DAY 5 o] 2% olF 2AelA B

T telomere®] W3}9le] APA-E zABAL 9]
t} (manuscript in preparation).

Ml stage ¥43} 7]F 0] vhekgl = o2 ol
£ telomere= heterochromaticd}-¢{ telomere %] ¢]
AR v A3 g F Uk Ao
t}(34,35). Wl A telomere?] Zol|7} 71 A& AXE
+ subtelomeric heterochromatin®. Adid oz 7
7} wf el vl 2 g {ARL silent G2 &
Al a2# HES 234513 telomeres] 7o)
7} ZolA Al =2l subtelomeric heterochromating]
Aol Al e g golXA =i vl M1 A
E AH7|Ael AFer] AAgchs Aol 1
2]} telomerase’} BA3E]= A oll= ofE] 7}
A FAAe] Wb QGE EFE AEE
AEY 4 Qi ol 7L B AFfdAE
ZA Aolrt Y +F, T2 fuieke] Wl
AP +E telomerase activity’} Z7}gtoz 2
25 A3 Gxgo Aok F, o] AYYFF
ofe] 7FA §A = Wiyl whasly 1 F Rl
A telomerase ¥AJ3} FAAE Lddckn Pz
e} 0|28 telomerase®] 4L o] AL A
Zloll At EEE Aol ol il DCISH|A HE
W5 7] A FEH36), ol skl Az
Hol7l F71e & A&y i} 7o) telomerase
£ UEsie AEvt S48 Zleg AztEo B
Ao A% pure DCISO|A] telomerased] & o]
BEEPen 7 AEA SHgodl EAlge
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DCIS component®} telomerase activity9}2] AatA4

€ #AFE 4 ¢l-Sol(data not shown) o] & S
gt sk

7]1&9)] telomerase activity 27 uvh]-2 9o 4=
o AEA 9 ¥rid UAEE YolA F2
ol A GAER AP HE E
o] BiZr=7} w]§- Z7}% polymerase chain reac-
tionbased H}H{] amplification
protocol: TRAP)o] bl wheh of H-& oe)
z7F o 2% telomerase?] A ZAHo] rslgslA
HAck9). et o] Wy FAHES ARZY
FX 37} ol g ddH ez FE3Tldle oF
71A] Alekdo] Avh(37). ¥>3d PCR Tag-polyme-
rase®] A EHN % o 4 7hsAel 71EH
o2 4&Esa vk Aolvk. 53] AE 52 =
Z o] FZEEol chake] dAe] EY A ol
e "ol AF Yehr|E el B A
A% 390l A telomerase activity ®& o] 3= =]
%ol ol HASA HsRE =AM A
serial dilutiond}o] TRAP assayE Al3js}glon}

(telomeric  repeat

telomerase activityy- 3ZsbA Esldcl. w3
Tag-polymerase &} EA9 EA| 7545 =4

s17] 98 telomerase W& chzg-el 293 A|EF
9] A¥E FZF | telomerase SAIQ =F ] F&
28 Hrbslg-s wl 293 MEFE 22E9] telome-
rase activityl g WA ot A A
< #HAIY 4 UAr} (data not shown). wehA o]
£ Al g =2FdA = ol 7HA]  telomerase
activity &4 37} o] Fol A A gk AL} telomerase
ol%)9) THE GeAA e AAHel e AEE
23} o] A%Y Aoz A7eisich W g
zZ oA WEE Y telomerase activityr A&
Hiyama$-(12) A|3&t w}e}gro] wubE 3] A s}o]
TRAP assay A8 Aol activity?} BX 7485
#eld ¢ glo] o]&52] WS low, intermediate,
high expression group .2 H-F3lod vl e 4 9J
At 22} o] ¥b-8 densitometere]] 2]#l scan
%] band densityE H]iZ%l semi-quantitation 4] o]

282, olf Huy Fxgetr] el

telomerase

activity & inhibition 3}7]1} telomere length® &
sto] oS <] Wiste} Qlgepte BAE 2Ae
3. v} (manuscript in preparation).

otel X8 A #A7LAl muitimodality treat-
ment ol Sl3) FEYVR HFE ol Fglon}
OHHE 50%9] BAL AAY NEE AW B
= LPel A ek wekd el A
& F7HAZI7] Ha AREe AR AlRs
A F 7 Z =3 o & A s 2R
ok 9] sMutolw E c}E 37}A]7} tumor biology
£ o]3f|g} ¥ o] & o A A]F|= biological treatment
9] Aukojr}. #HE Eo] cell biology, molecular
biology7} #F3toll wiel A4} biotherapyoll gt
BAo] Z7}star glrt. Telomere$}) telomeraset
proliferation index, mitotic clock2. & AF&3%F 4= 9l
o= Mdoe] AAIFHMA o] F 7|5 X E target
o2 AgsEe M-S A-slA =k 38~

-41). &3] telomerer= 1 5<F2] proliferation history

9] future proliferation capacityE e o g o] &
AestA BAY 4 ki "A AWl 2F
52 59 scheduleS Al 7|2 ruler7} &
ks 7pAY 4= 7} et £l telomerase:= ¢
AE &2 hz=F9 wzthl §34 Aelet im-
mortality S UERN 2 E o]} immortality S L}E}

= AE | E AAE = ol telomerase 4
AEANE AP TA D F Ae ¥ oh
g} o] A A7} vl R X F targeto B o] L8 Ao g
7| et

- =

FHket =32 9] 92%0l| A telomerase activityZ T+
Aeiglom, A4zHolAE BUNA stk w
A St =Z3F o4 #AEE| £ telomerase acti-
vity®] 443 ool =z A9} activityS Ho} A3}
s el Aol 23 Wasuh
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