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Abstract : Telomerase is an enzyme that adds TERT proteins and telomere repeat sequences to
the end of chromosomes that make up RNA sub-units. This enzyme participates in the proliferation
of cell division. Not found in normal tissues, high activity is shown in malignant tumors and tissues
related to generative cells. This study analyzed the influence exerted on telomerase activity (TA)
by anticancer agents and examined the utility of TA as an index of anti-tumor effects. It also
examined c-myc involved in the TA mechanism, bcl- 2 involved in apoptosis inhibition and the
emission of each mRNA. In our a results, TA was not detected in normal mouse skin tissue, but high
activity was observed in the mice’s carcinoma tissue within the squamous cells. Also, on observing
significant rises in the enhancement of tumors by TA, it appears to be deeply involved in the
growth of cancer. With the administration of cisplatin, TA falls off significantly and the growth of
tumors is inhibited. This shows that TA may be useful as an index for the anti-cancer effects of
cisplatin. Myc proteins are involved in the transcription factor of tert genes. In this research the
reduction in emissions of c-myc mRNA through the administration of cisplatin is shown in the
involvement of TA of Myc proteins. Also, our resuits suggest that tumors may tend to reduce when
restrained by apoptosis through reductions in bcl- 2 mRNA emissions.
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—7, AT MRS RO f TR B IR
FELES LT 20, BEBETHIITAT—
EOEELY, ThEHIETE, FrAS—F
RIEEEMgIcB VT, EHEMaREREFAE
HRESNBWEBETHE, 7Fors—¥id, 7
o 2 7 ORI HFHEI 5 RNA 25
b, —REOYEEERTHD, Fux7RER
Flearftml, ERlaosHEERCL, R
HAbE=RREIC LT W3, 7o x5 — ik
(TA) &, FESAERAAIRZ &4 1 ErEEEH
BTHERICBRHENTWE Y, ITF, BLD
DM in  vitro 2B 2 EBHIED TA %K
TEEBZEVIHET NS 2H, HERED
TA ICRIFTHEICEIL TRERBPFRABE L,
Z ZTAMETIE, OREGREOBHEE OE
REELTEHEINE VYR TSF 2R,
BEeYRAB3YR75F v OHBEHED
BELE LT TA OERHBIC W TR L7, &
7z, TAWCBEAS 4T 5ExN05% cmye, 7H b+ —
v 2 {ENICBE ST 3 bel-2, & mRNA ORE
KOWTHRETL 72,

MRELUGE

1. EREW

EFERRFEFOEARIEEE 2 BRI T
RHERRIT LD, EXFRELTHELTVS
WHT/Ht =9 2 Oltff, 8~12u8%s (KE24~
Beg) R 1BHich 5ILEL, KEERHE
AV vy VEBRTEE BEHBIERS /7,
2. MBS & HaE

IRFH WHT/Ht =9 RICEARFEL, M
BRI L TV 5 RE LR REimia 4
L7, TDEEE, Tumorigenic dose rate 50
(TDs) fEM14.4L 8D TEEERRETH 50,
EifE~ v X ER - EEIICEI L, EEL 2D
& phosphate buffer saline (PBS) %1% B
T I, 100um nylon mesh THEEL 72,
CHIC PBS ZmA Mkaz#ed L, [EURL 724
R 4 800rpm < 3 [EELEEF L, PBSIi
HHFESETER L., SMEBoEE120.9%
=7a vy EETTY, MO viability 3%

Oy MEBIOBLLETH - 1o, ElFHEIS, MR
FER ETAMEBEREE LR PBS T X
LR L, 1.0nl73E2E (Terumo) % H W
T, 01ml%E = AMGERER T IicHHE L 7o,
3. A

Y275 % v (CDDP, BHAALE) I4HEA
B THERRERENLES S L, BHELEED
EEM 10T ZE L 7S S5 2B L 72,
4. EBRF o ba—n
1) TA LEEEELZLTO XS i g L
2o
@1 X110 EoEEMas HRHEER HARRI
B 2R ENZEL,
QEBE A 10m i 7$ - 7B 5 T CDDP %
0.1, 1, 10, 25mg/ke DZEE THEEEAICES L
2 6 HH DS,
@10mg/kgt G BT, 10mg/keHEHR 58,
3.33mg/kegd > I MEHKRSE, FL < 3ERE
HESHO RS Atk & 58,
@10mg/ke O G IC B 1T 2 BHZE L.
WIEEE L, SEAEKERI USRS LI, BE
AHEOWE R, BEORRBIUCERE £
WTEHAIL, (B1D) X (ER)? X050A»,5
Kt F[ERICEEORERIT > 7o
2) cmyc LU bel-2 ® mRNA oFEHA10
g/ kg BE S5 B~ ORNAZHH L,
RT-PCRETHARK (2, 4, 6 BHE) kst
Le
5. TA OflE

TA R, EEHEL I MEL-E8ZHL
T, TRAP assay (telomeric repeat
amplification protocol : TRAP)™ T THIE L
720 18, TRAP assay iZld TRAPeze ELISA
Telomerase Detection Kit (INTERGEN, Co
NY, USA) %f#H L 7,

OEAOHH

U 7oA, BB L o D& D PBS
A BTITHYIL, 100um nylon mesh T
BEERE, 1 X108 L 7o, L il
ZKitff & © 1 x CHAPS & #% (0.5%
CHAPS, 10mM Tris-Hel, 1 mM MgCl,, 1
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mM EDTA, 5 mM B-Mercaptoethanol, 0.1
mM Benzamidine, 10%Glycerol) 200x1&
RNase inhibitor 1gxl (100U/ml, GIBCO
BRL) THEEL, KLETHOHS vdax—-+L
to % DHRACTI2,000g, 202 LL, L
ZHEAMHBEE Ui, EROEHEER
Bradford #:ic#-—>%, Protein assay dye
(Bio-Rad Laboratories, Hercules, CA, USA)
ZfEH LEIE L 7,

@TRAP assay

K % 0.025ug /p1 1278 5 & 5 RNase-free
DA A K THEL 72, [k EgF oM
BULER 35 & U Kit #¥MF D Positive control 4
g, TSR8 (Control template), Negative
Control (1 XCHAPS i5f#i®) THhZFh 2w
I, 4 F YAEHETS primer2 58 5 X
TRAP reaction mixturebuld Tag DNA
polymerase (5U/¢l, PERKIN ELMER) 0.2
pl %%, RNasefree DiiA 4 vKicTLE
25ul& L, Fuox35—¥ick3 TS primer ~
D7 e x 7 RIGEF| ORI - HERE (30°C30
7)) HREX I, i - fmRshiFo
A 7TEFH) AR E L, TS primer 8L 57 o 2
THF| 22854 5 RP primer ic & 2R
polymerase chain reaction (PCR) (94°C30%b,
57°C30%p, T2°C104% : 33cycle) %4772

PCR AR %#125% XYV 77 ) VT 3 B4
M TH00v1GHRERIER K E 21T (PAGE),
10,000 & #& R @ SYBR™Green (FMC
BioProducts Rockland, ME, USA) ZT§E
L, Polaroid film i THE L 72,

@ELISA

AbLTrTEYVEI-F LA 0T
v— Mg, EXFrEv=to7 e VEER
L7z@DFR— PCRAERM 5 4l =MAA v+ =
N—b GBTCIERD L, $—ZX5F 1 va~i
4 ¥ v ¥ — LIZHH DNP bk & Uk s & 1 ~
Fa~N—k (Z@&304) %, TMB (3, 3, 5,
5’-tetramethl-benzidine) EBE cHB s <
4727 —-rY)—-4%— (THERMO max,
Molecular Devices) & THEE (ODue) %

RIE LFEEENICHE Lz, TRAP assay Q¥
ERI v ho—-ABROEEE#IZLILET
fT=7:6 1) Negative Control ® OD fE0.2./
T, 2) TSR§8 (Control template) @ OD {@
0821 L, 3) FZEKOMEMLER D OD {&0.25
HFs
6. RT-PCR

1 X 10E D fEEHENES & Rneasy  Minikit
(QIAGEN USA) =MW total RAN ZHiH L
too WEZERERNUGE, #2180 RNA 5,
0. 1M Oligo(dt) primer {pd(T)siw}, 5 X
Fist strand buffer (GIBCO BRL), 10mM
dNTPs, M-MLYV Reverse Transcriptase (200
U/ul, GIBCO BRL), RNASEQUT™
Ribonuclease inhibitor (40U/gl, GIBCO
BRL) 2 &L RIGHK T cDNA 28K L f-o Kk
Sf8:1337°C904y, 95°CH4T : 1cycle TiT» 2o

AR E N1 cDAN 1% primer & U810 X
PCR buffer (15mM MgCL,PERKIN
ELMER), 2mM dNTPs, Ampli Taq Gold™
(5U/ul, PERKIN ELMER) %HW\TPCR
(94°C147, 60°C247y, T12°C24% : 34cycle) %HEfT
L7zo & primer OEEET|ELITICRT,
c-myec,

5 '-CAGCAGAGCGAGCTGCAGCC-3" (sense)

5 -CTGTCTTTGCGCGCAGCCTG- 3’ (antisense)
bel-2,

5 ~CAGCTGCACCTGACGCCCTTC-3" (sense)

5'-CCCAGCCTCCGTTATCCTGG- 3’ (antisense)
B-actin (N&2a » o —n),

5'-TCACCCACACTGTGCCCATCTACGA-3’ (sense)

5-CAGCGGAACCGCTCATTGCCAATGG-3’ (antisense)

WIBS N/ PCREYEIN T H o -4
CCESRKBRIF VLT oA FTREL
Polaroid film IZ TR L1, &K/¥v FOMEREE
257 v 2357 (ATTO JAPAN) HIEL,
BohBEELHOCTHBI Y bo—LED
HAZEH L, mRNA BHEBEE®RITL 1,
1. HETFERIERES

Mt IR S Fisher's PLSD TfT\W, p<
0.052FEEL L,
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Fig. 1. Relationship between telomerase activity
and tumor volume during the natural
progression after tumor cell
transplantation. 0th represents normal
skin. Significance was determined by
Fisher's PLSD (#p <0.05). Bars, SD.
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Fig. 3. Relationship between CDDP dosage and

telomerase activity as well as tumor
volume. As in Fig. 2, PCR formations
were determined by ELISA.

Significance was determined by Fisher’s
PLSD (#p <0.05). Bars, SD.

* . significant difference from normal
saline (»<0.05)
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1. HAREICE T3 TA &IEEAR
RHZEAO TA & JEE AT OB % i
W & SRR, MR HAED 75 7T
Rt EElaM% T HE £ <1, FEaE
EARE (mean+SD) OREEIKIF67.4+14. Gmﬁ&ﬁﬁ
CBEETH-, TAREMEEKIBHEE
OD f#iA31.08=0.16 L H =D LA %R L, J/l?‘é:l()
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Fig. 2. Relationship between CDDP dosage and
telomerase activity. A decline in activity
was observed with the weakening in the
ladder band signal following an increase
in dosage. M : 20bp marker.
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Fig. 4. Relationship between method for
administering CDDP  and telomerase

activity as well as tumor volume.
Significance was determined by Fisher's
PLSD (*p<0.05). Bars, SD.

pak L, 16HETS5, 910.0£929.6mi & fEE AR
3assRkar L1z (Fig. 1)o
2. CDDP#58 & TA B & ONEE KT
CDDP &5 &% 5% 6 HH® PAGE T3,
PR A KPS X O Positive  Control &
Hﬁxt’c CDDP #5813, 0.1, 1, 10, 25,
ng/kg DIE TS EOEMICHEV T ¥ — NV F
DY F AL LD TA DEF ARSI N
(Fig. 2)o
[6 U PCR A= 554 % ELISA THlE L 7o it
%, HEEICWORRE & EE AR, Rl CDDP #%
H5ETxrL, TAR, HHAEEKEREEN

Internal control
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Fig. 6. Relationship between telomerase activity and tumor volume after administering CDDP 10 mg/kg
doses. As in Fig. 5, PCR formations were determined by ELISA (left figure). Relationship tumor

volume (right figure).

Significance was determined by Fisher’'s PLSD (#p <0.05). Bars, SD.
* . significant difference from normal saline (p <0.05)
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Fig. 5. Telomerase activity after CDDP 10 mg/kg.

It was recognized that ladder band
signals weakened and telomerase activity
declined day dependently. M: 20bp
marker.

OD {#3.75+0.08, 0.1mg/ket%5-8EA3 OD {#2.48
+0.07, 1mg/ke¥¥58A OD fiEi1.21£0.29, 10
ng/kg 5 BEHS OD f#0.42+0.13, 25mg/keti 5
BEAODH0.43+0.06E 70, TA RREED
Bt WEEICER N 2R L,

TEE AR, EFEAEKEGHAN 5, 939.0E
727.3md, 0.1mg/kgte 58~ 4, 619.84598. 3md,
1 mg/kett 58EA5 2, 055.8%£231.5md, 10mg/kg
Py 5 BEAY404.5 + 161.9mid, 25mg / ke % 57 (3

320.4%109.3md & JER Z7R L 7o 10mg/kgfR
HEEE 25ng / ket 58D 2 BElicB W, TA
DIETH & VEEAEORD I, BEELZED
-1 (Fig. 3)o

3. CDDP#55:& TA 8 L UEEATE
25mg kgt G T I RERDIC X BRIER N
Ml A SNz d10ng/kglc THREHFEIZHO W
THET L 72o 10mg/kg A58, 3.33mg/ked”
- 3 [A# 058 5 £ 0°3.33mg /keg 97> 3 B
HIEEHO 3 #icsVWT, TADEFBLY
EEARORDIE, WINbAEBELEDIR
motc (Fig. 4)

4. CDDP 10mg/kgt5 & TA B X OIEE AR
BEHEoOEWICE B TA B L UEERRE
DEFNC EEBD I - t2tzsh, CDDP 10mg/
kg HA[AIF 5.1 TREA M 7E TA % PAGE 1T TH
L 7o, AR KK S BB X U Positive
control LT, 2, 4, 6 HDINETS ¥ —
WY RFOv7FnR3§E BOREHIE TAD
K TFHE» 5htc (Fig. 5)0

[61 U PCR AR % ELISA THIFE L7ze TA
A AR K58 & g L C CDDP #5.8f
ICBWVT2HEHMODf#2.04+0.34, 4 HED
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Fig. 7. Day dependent detections of c-myc Fig. 9. Day dependent detections of bcl-2
mRNA after administering CDDP 10 mg/ mRNA after the administration of CDDP
kg doses. M : 100bp marker. 10 mg/kg doses. M : 100bp marker.
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Fig. 8. Amount of c-myc mRNA detections after Fig. 10. Amount of bcl-2 mRNA detections after
the administration of CDDP 10 mg/kg the administration of CDDP 10 mg/kg
doses. doses.
Significance was determined by Fisher's Significance was determined by Fisher’s
PLSD (#p <0.05). Bars, SD. PLSD (#p <0.05). Bars, SD.
significant difference from normal * . significant difference from normal

saline (p<0.05) saline (p<0.05)
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OD f#0.88+£0.27, 6 HHAS OD fE0.39+0.06&
BEHINCEEIE T LA (Fig. 6 £K). BE
FETCIABEREAKRGE L RIS 5N
7, b iEPERIERL 72 (Fig. 6 BGXKD,
5. CDDP 10mg/kgfs 5% D c-myc, bel-2, &
mRNA OFRH

c-myc mRNA OFH iz, #5% 2 HEHTIL,
HEEAIE KR ER I ~NT CDDP#ESHTO
ZlhRRESNEh -4, 4HHEHTIE, CDDP
BREETORBEENREOERIZRL TV, 6
HHEHTIE, CDDP#5Hick T 2HEHBOIHS
DISEDHIA St (Fig. 7).

Ty b7 THEE LSRG, CDDP
BERAHE2723298%, 6 HEMM6E
N0 RO ERCREENSRD L
(Fig. 8),

bel- 2 mRNA 33, 2 HEH TR, HicZ(t
BALNEMP 7205, AHBETIR, AHEAEK
BER B LT, CDDP #5HTOREIR
DLtz, 6 HETIHE, XSk bEmETR Lz
(Fig. 9),

Fry b7 THERLCHERIE, £ER
AR GRS 4 HE131.5113.2%, 6 HE136.1
T143% EFEBMSFRICEF L, CDDP#
5813 4 8E54.4£11.3%, 6 HH29.4+15.7%
ERBFAEMFEIRBD L2 (Fig 10),

% £=

1. 7ux7

IER AP R ATRERR OBRAE D &
2, Hayflik 52ick » THRE SN, fHlEH»S
W ABIcE SHlicBLTREESEREI N
EUNENH LH, D&% DNA SGREERIIY
BEREOD 7 @ 4 7 DNA 252808 T 5 <
EWETER Y, ZDkd5 a2 7 DNA ONE
o5, #REAZO - icE/IMET 5 Easb
M- TW3 (end replication problem)®~ %, 7
T X 7 O ORI EARE IS VTS
PHABZ ZREILPTOIEBHOLNTSE
b, TOEBELKEER, ERBEHROFEL G
EORFENTHEEZEZONTV S,

2. TRAP assay

TA O FETED 19854 1 Greider 5™ 1C & -
T, BEBYTHEZ7 PS5 AFRBOTHD
THEIEx N, ZD%, Morin® A5k + (Hela #i
f) TA ZFH TR U7 19944F Kim 574
L - TCRF&E&N/ TRAP assay (telomeric
repeat amplification protocol : TRAP) &
R THERIL PCR 2 AW ol T, DL
OEMIAPIERRETES I TADPRIETE
5L, TAOMELERESRESE
Too AWFFLIZMA L7z Kit 3 TRAP assay %
bricREN L DT, PCR DBETHEIE
Hiifi & ELISA O E 2B ZIGHL 2D T
» 5,

19954ELIM, TRAPassay ik~ TH oW 3
ETTAPMESN S Lok, BEETIC
ANONTHK 3, 000K DERIKEMRBD 5> B
#185% 1= TA iRt Eh, BRHZE0% O EBM:IE
Bidan?, s EBEICHB VT $90%
PIlEbic TA SBHEN TV EY, AFFEITEL
T TARER vy ARBHBTcIBREI O
T, < v A LRI B VTR LG
HoNT, 61T, BiihS TA D ERMNAS
N,

3. DUREEEE TA

T, %< offifaFEEE S SRR S Y
52TADETA5| ST I EBHESINT
W3, Zhub¥iddoxorubicin, 5-fluorouracil,
methotrexate?d & 25 L 7 SW4S0FE I
fATTADE L WETA2HE L, hidfiiakg
FESHEMSERRTH A 5 &RME L /o, Faraoni 5
13, doxorubicin, temozolomid, CDDP % % 5
L 7= THERR B 07K jurkatil i, $ARAERU93THR
B L CHBEMCF-THEfZIC B 2 TADIKT %=
&L, TAOK N ASHRERE IS 1< BAE T 5
T EER LI AFREIC B W T &, CDDPHEIC
D EEEAPIHI SR TARBEIETL
1o CODPOHLEEIER i3, M#E s E L s h T2
DORBEEDL D, 2RHDNAOH IS L
saz) v ERERIEICEEEVDATY
B, COBEBIERI Y T = v ON-TRLICE T b



30 K FLEE

I, —HOWD T T = v EADET T =
YHHAZICE - THA L, DNATELHAMKES
OEMAE X L, DNAGKEHET S, L &N
29, 2Dk CDDPOEEHEREIC & bk
BIEARHES N, TAOBETIC D Hd » 12 & &
Z 6B,

4. FoXx5—E¥OREEEE
FOA5—¥REKTNE T 02 7 RIER
DO§RI& 755 RNA k4T TERC™ &gy 72
=y PTERT® B X UME S v /¢ 7 B TEP
19h 57585, MilADEILICE 6720 TERT ¥
EXFEINTTFox 7 —EhiEbdsE s
N3P, &£, Fois—-LOfHicEEST 3
EHTRF1IBELUTRF2MB2ARET oA T
DNA ic#Ea LT3,

5. Myc 8L U Bel-2

Myc iZ#farssEIcBS LTt 0, MycEH
osEFIRBIC & b EEMIC BV T TERT ©
HEE TA OHBEAERDETBEHDPP,
T Myc % anti-sense oligonucleotide T & 0
MEls 5L CREMAO TANREELILES
WhhTWwB?, Mycldtert iz F 0 7o
£ — 4 —$HER D E-box IS LIEE 2 TEMHA(L
L, chs7Faxs—¥iEHo ERIES LT
WEEEZEZONTVWABY, KFFRICBEVWTH
CDDP 54 ® c-myc mRNA ORI DRES
2, MycEDOTA~NDOBES A2 RT DT
&t

Bel-2 378 b — v 2EZNE|d 2HEE% &
B, BETRTOHBTHEINETEL— v
2EWEITEB T &5 7 H b — v 2ILEREE
EEMILTVEHDEEZSNTWVBEY, Bel-
2 DHALFHIBEREL, I b v FYTHLTHE
b=V RBERFF 7 o— s CORHE
TR ETTRM— YRS LTWA
LEhTW3®, KTk CDDP 5%, &
HENT bel- 2 OFRBRTINA Lhiohs, LHE
EA™® Bel- 2 EHZE RSB LFICRE L
oG EEMT 25ERE KD, CDDP#EicEk
BB & bel- 2 ORAEM & S ICEARE

o7,

SEEoNIFER, S, TA MBMLEEEOR
BARMGT L EMASHLER -1, T2,
Myc ZEE & TA OBGENIEETE -,

T, Bro7ols— PHERPFRSN
THO®?, FicBPEERE L ToEEI»H
BEhTV5,

] E |

HE~<Y 2D TA K KkiZd CDDP O & i
DWTHTL, PEESROIEEE L TTAD
BRI SDVTRET Lz, F7/, TA OFIC
545 & XN 5 cmye, 7HE =¥ &
B54 3 bel-2, & mRNA OFBEic>WT#
HLicE s, UToHRmES,

1. TABIEE =Y R ZEHBTRRET A

T, K=v RRELEEBEHECBVLTEWE

s shic,

2. TA EEHAFHEER,SMBEL, B

BOMARICE L >THEBSELANA O

ZEDS, EOBICELEELTWEEE

ANt
3. CDDP#5.ic& b TA REEEKTL, B

BRI S N EH S, TA IZCDDP

OPEESNROEEL L TEHTH S EEX

2% g i
4. CDDP #5iZ & % c-myc mRNA OFEHD

HE5iE, MycEEAD TA~OES:2RT b

DEBbhis,

5. bcl- 2 mRNA OFRBRSTICE D 7K b — v

ZIMHEIDHNA S DB A/ MER & 7R L 72 7]

BEMEDSRE S 17,

&t 33

BEkAdichicy, BETHERRE K
RIZRG D F U - RERBE L = BRki 1o R 75 5 3t
BrBIEd, BEUBMOMRHE CHRETES
TEHUIGHME AR ¥ U KR R
BAREIZCH LI VBERB S 4, £/, &
Ui L iBEATE = & L 22433 L5
BRI BRBIBR LT, &5, AHFED
FRITICH 7o 0 REEBY] T B KB TR O 188
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G0 % U o AR AR S RS S I
POEHOBERLET, i, FrYbTS
7AREHT A, CHETEE F LAARFEORE
TR B I TRRAm I B L B E 5,
RRIC, BRA S CHEG IEEMETEZ L
F A B & O AR R R
FBESAMICE LB L EFE T,

KX DEGF, 1999F10H13H, 545MEH
AOBEABFESRBIICBVTRELS
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