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ABSTRACT

Telomere are the dista ends of human linear chromosome composed of
tandem of sequence TTAGGG. The role in maintaining chromosome
stability and prevention of chromosome degradation, end-to-end fusion,
rearangement. Telomerase is an RNA-dependent ribonucleoprotein
enzyme capable of adding short repetitive telomeric sequence to the ends
of the chromosome. This protein is thought to be essentia for the
acquigition of cellular immortality, because of its ability to overcome the
reduction of chromosoma ends that occurs normaly in somatic cells
during cell divisons. Recently, telomerase activity has been detection in
the tissues of human cancer but not in the maorty of norma that may
play a role in tumorigenesis. Therefore the activation of telomerase
activity may be arate-limiting or critica step in cdlular immortality and
oncogenesis. In the present study, we focus on eucidating the change and
the possble relationship of telomerase activity and the telomerase
cataytic subuint (TCS)status in non small cell lung cancer patients and
RT -PCR assay. Telomerase activity was demonstrated in 22 of 28 lung
cancer tissue (85%), and lung cancer cdll line (H1299), but was not found

in norma lung cdl line (MRC-5). We evauate the rate-limiting



determinant of telomerase activity is telomerase catalytic subunit of the
lung tumor cell lines and tissue using RT -PCR. Three lung cancer cell
lines (H1299, A472 and CL-3) and 45 out of 56 lung cancer tissue (85%)
expressed TCS, but TCS was not found in norma lung cdll line (MRC-5).
However, athough the enzymatic activity of telomerase has been well
studied, but the factor and mechanisms involved in telomerase regulation
in lung cancer are not well understood. Therefore we have cloned the
promoter of human telomerase RNA (telp) and telomerase catalytic
subunit (tert-p) gene. During apoptosis or anti-apoptosis and determine
whether these pathways differ in the modulation of td-p and tert-p
expresson in cancer progresson We study their transactivation
properties of Bcl-2, B[a]P or wild type p53 by co-transfection them with
a luciferase reported plasmid carring the tel-p and tert-p gene into the
NSCLC (H1299) cell line. The results of this study showed that tel-p was
activited by Bcl-2 or B[aP and repressed by wild type p53 but was not
found in tert-p. These findings suggest that measuring telomerase activity
would be useful diagnosis and in the future may have implication for
inhibition telomerase activity as an anti-tumor therapy in non-small cell

lung cancer.



(telomere) (tandom repeat)

DNA

(Blackburn et d., 1991) 1930 HermannJMuller Barbara

McClintack
Muller “ tedlomere ”
“tdo ” “ mere ” (Greider e 4.,
1996) McClintock telomere
(McClintock 1941)
Tetrahymena
(TTAGGG) Blackburen et 4.,
1978
“ @
5 -TTAGGG-3 15Kb ( Greder et al., 1996 )
DNA DNA

semiconservative replication primase



(primer) DNA DNA

(daughter strand)

DNA (ligase) (ga0)

5 end

replication problem

50-60bp 100
(senescence) ( Wynford e 4.,
1997) ( flibroblast) (In vitro)
(Harley
et d., 1990)
germ line
(telomerase)

(Counter et d., 1992)

(telomerase)

DNA



DNA (Biessmann et d.,1992)
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nude mice (Blasco et
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(turn over rate) highly proliferative argan

(Lee e d.,1998)
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1995 1994
Counter Kim
101 12
0
100 98
(Kimet d.,194)

(Hiyama et d ,1995) Kyo et d , 1996

Counter et d , 1994 (Sommerfeld et d , 1996)
(Lin et d , 1996) (Zhang et a ,1996)
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(meningiomas) 0

9%
Langford et a ,1997
Kim 18
18 3 Kim et
a., 1994 1995 Hiyama 136
125 (NSCLC  non-small-cell
lung cancer) 3 45
46 11 (SCLC  smadl-cdl lung cancer)
Hiyamaet d 1995
(Yahata et d ,1998) 1996 1999

TRAP Tdomeric Repeat Amplification Protocol

70~80

Hirashimaet a ,1998 , Marchetti et d ,1999
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Rush et al.,1997

319%

15



88%

S0%  75%
% 25%

., 1998

16

12%

30%

50%

50%



TRAP

asssy T eomeric Repeat Amplification Protocol

(h.TERT)
RT PCR
hTERT mRNA (promoter)
h.TERT mRNA
p53
Bcl-2 anti-apoptosis
Bcl-2  p53
Bcl-2 p53
RNA telomerase RNA
promoter tdomerase reverse transcriptase
promoter luciferase

Co-transfection Bcl-2  p53 H1299
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Tag DNA polymerase (Hi-Tag ) T4-lLigase

RNaseA Klenow enzyme Takara (SHUZO CO., LTD.,
Kyoto,Japan)
RNase inhibitor M-MLV RT RNase Smal EcoRl Promega

(Madison,WI,UAYS)
Restriction enzyme  Xhol Nhel Hindlll BamHI  Kpnl

Takara (SHUZO CO., LTD., Kyoto,Japan)

Dulbecco’ s Modified Eagle Medium (DMEM) Basa Medium
Eage (BMN) F12 Medium fetd bovine serum (FBS)
penicillin/greptomycin GIBCO BRL

(Gaithersburg,MD,USA)

Ammonium persulfate (APS)  acrylamide  chloroform
isopropanol  Sodium Bicarbonate (NaHCOs;) 2-mercaptoethanol
tetramethyle ethylenediamine (TEMED) Benzamidine CHAPS
lyssbuffer kanamycin SDS Sodium acetate benzo[a]pyrene
(B[a]P) Sgma(St.Louis MO,USA)

Reporter lysis buffer Sodium carbonate Luciferase assay substrate
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10

Promega (Madison,WI,USA)
Nunc

LBagar LB broth Pronadisa
Sodium Hydroxide (NaOH)  Glyceral Wako(Osaka,
Japan)
Sodium choloride Merck (Darmstadt, Germany)
Bio-Rad protein assay reagent Bio-Rad
DOTAP Liposome Transfection Reagen ampidilin
Boehringer Mannheim (Mannheim,Germany)

dNTPs Lymphocyte isolation serile solution (Ficoll pague)

Pharmacia (Uppsala, Sweeden)

MRC-5 WI-38

H1299
BMN cloning vector Sragtagen
PGL -3 basic vector promega

b-Gaactosdase control vector
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10

1

13

14

37

Forma Scientific
OLYMPUS-CK40
Kubota 2010
Biofuge
Savant speed vaccum sc110
HITACHI U-1500

Perkin Elmer 2400 PCR system

TD-20/20 luminometer

37

Firgtek Scientific S300R
Magor Science MP-250
Hoefer
BIO-RAD

pH meter  JENCO microcomputer modd 6200

Laminar flow

TOMIN TM322

HIGH TEN SCIENTIFIC CORPORATION
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10 PBS
8g/L NaCl 02¢gL KCl 14gL NaHPO, 0.2gL KH,PO,
200 1X CHAPS Lyss buffer 10 mM
TrisHCI, pH7.5 1 mM MgCl, 1mM EGTA 0.1mM Benzamidine

5mM [ -mercaptoethanol 0.5 CHAPS 10 Glycerol RNase

inhibitor 30 4 12000 rpm
20 160
40 100 200 1X CHAPSLyss buffer
30 4 12000
rpm 20 160

Bio-Rad reagent ddH.0 (1 4)

Bio-Rad working reagent 5 BSA 25
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5 10 15 2 1ml Bio-Rad
working reagent Chitachi.U1500
595 im

Bio-Rad working reagent

Telomeric Repeat Amplification
Protocol, TRAP assay) (Fachetti et d., 1998)
2 50 ng/p | 5 10X PCR buffer

100 mM Tris-HCI, PH 9.0 25 mM MgCl, 500 mM K,O 0.1

gelain 2 10 mM dNTPs 2 10 pmol TS (Telomerase
Subgtrate) prime Cxa reverse primer 1 Hi-Tag DNA
polymerase (5 / ) 50 30
30 A 1 A 1 72 1
35cyde 72 10 30 PCR
110 2 12% acrylamide gel

ethidium bromide (EtBr)
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(Totd Product Generated, TPG)
ethidium bromide (EtBr) acrylamide ¢l
(Alphalmager "V'200 Alphalnnotech Corporation)

uv

( RNase A - RNase A )/ RNase A internal control

[TSR8(positive control)-CHAPS lysis buffer(negative control)]/TSR8 interanl control

( reverse transcriptase-polymerase
chain reaction, RT-PCR)
(A) RNA
0 100
0.5 0.4 M
guanidinium thiocyante 5 mM B -MSH 03 M N&l 50 mM

Trs-HCl, pH 8.0 20 mM EDTA 10 % N-lauroyl sarcosine 0.5ml

(viv=1 1) 10 12000 rpm
10 /10 4.4M PH 5.2
4 12000 rpm

15 0.05 5mM EDTA
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0.5%sarcosne 5% MSH RNA 4 13000 rpm

260 nm 280 nm
1.8 RNA 70
(B) c-DNA ( Promega CLONTECH advantage RT -for-
PCR Kit )
cDNA
Poly (A)Y RNA 5 1 pmole oligo (dThs (1 /
) 70 5 10

10 5X MMLV buffer (250 mM Tris-HCI, pH 8.3

3/5mM KO 50mM DTT 2.5 10 mM dNTPs 15 mM MgCl,)

1 RNase inhibitor (40 / ) 49
5 1 AMV
(200 / ) 42 1
(©)
05 cDNA 5 10 X PCR buffer (100 mM

TrisHCI, pH 9.0 25mM MgCl, 500 mM KO 0.1% gelatin) 2

10 mM dNTPs 2 10 pmole HT-CS

25



HT-CS, PCR 328 bp B -actin 5 3
(primer) (interna control) 50
50 A 5 0.5
Hi-Tag DNA polymerase (5 / ) A 1
% 1 72 2.0 35 cydes 72

10 20 1.5 % agarose gd

TRAPassay RT-PCR SPSS  Sudent' t-test
Student’ t-test

P 0.05

Telomerase RNA promoter tel-p (Zhao e 4a.,1998)
Telomerase Catalytic Subunit promoter (tert-p) Horikawa
et a.,1999
(A) (Polymerase Chain Reaction)
2 MRC-5 genomic DNA (40 ng/u 1) 5
10 X PCR buffer (100 mM TrissHCI, pH 9.0 25 mM MgCl, 500 mM

K,O 0.1% gdatin) 2 10 mM dNTPs 2 10 pmole
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tel-p Xho | tel-p Nhel tert-pHind  tert-pKpnl

50 A 5 1
Hi-Taq DNA polymerase (5 / ) AU 1
54 1 72 2 35 cycles 72
10 20 1 % agarose gd

PCR ted-p 876bp tert-p 430Dbp

(B) PCR
Teomerase RNA promoter Telomerase Catalytic Subunit
promoter  PCR agarose gel Klenow enzyme
blunt end BMN vector ( Smal digestion)
DNAVector 31 2 10X Ligation (10
mM Tris-HCI, pH 7.5 50 mM MgCl, 10 mM mercaptoethanol 0.1 mM
EDTA 50% Glycerol) 2 TADNA ligase 6 /)
20 16 overnight

(transformation)

© (Transformation)

1. (Competent bacterid cdlls)
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XL-10 (strgtage) 3 LB

37 12 0.5 100
37 3 ODgw =0.5 4 5,000 rpm
(Beckman JA-14 rotor) 5 10

Transformation buffer (10 mM MOPS 100 mM CaCl, 30 mM

dextrose 15 Glycerol pH 6.5) 4 5000 rpm 5
20 Transformation buffer
100 u |/per eppendroff 1
70
2.
100 10 telomerase RNA promoter
Telomerase Catalytic Subunit promoter  BMN vector DNA
(ligation mixture) 30 42
1 (Heat shock) 200 LB
37 1 100 20 100 mM IPTG
(Isopropyl-3 -thiogalacto pyranoside) 10 10 X-ga (
N-N-Dimethylformamide) LB+Ap agar plate ( 100

Ampicillin) 37 (
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DNA ) 3 LB+Ap

37 12
(D) DNA
(tel-p-BMN/ tert-p-BMN) 12
15 eppendorf 13000 rpm 1
PlasPrep DNA
100 C1 buffer
100 C2 buffer 5
150 C3buffer C3
5 4 12000 rpm 10
150 C4 buffer 10
PlasPrep (resin) 10 12000 rpm,
30 Wash huffer (C5 buffer:95%
1.6:5 ) 12000 rpm, 30
20-50 T/E buffer 50-60
5 12000 rpm 1

DNA 2
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B
7 DNA (tel-p-BMN/ tert-p-BMN) 1 10X

MULTI-CORE'" buffer 250 mM Tris acetate, PH7.8 1 M potassum

acetate 100 mM magnesum acetate 10 mM DTT 1
EcoRlI BamH | 37y 1 2 1 % agarose gel
Luciferase Reporter Gene

(F) Luciferase Reporter Gene

Telomerase RNA promoter PCR Nhel  Xhol
Telomerase Catalytic Subunit promoter PCR Hind Kpnl
agarose gel DNA Luciferase reporter gene
pGL-3 vector DNAVector 31 2

10X Ligation buffer (10 mM TrissHCIl pH 7.5 50 mM MgCl, 10 mM
mercaptodghanol 0.1 mM EDTA 50 % Glyceral) 2 T4 DNA

ligase (5 / ) 20 16 overnight

(G) DNA (DNA Co-transfection)
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H1299 37

5% CO; 10 % Dulbecco’ s
Modified Eagle Medium (GIBCO) 100 U/ml  penicillin
100 p g/ml sterptomycin cationic liposome

DOTAP{N[1(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium
methylsulfate (BRL) (pGL-3-tdp
pGL-3-tert-p,3 -gal p53,bcl-2  B[a]P) DOTAP (1.5~2u ¢

g | plasmid) 1.5 ml Opti-DMEM (GIBCO)

20 5x 10° 6
48 PBS luciferase
(Promega) Tund 20/20
MRC-5 WI-38 10 FBS 55
sodium  bicarbonate 1 L-glutamine 100 /
penicillin/streptomycin  BME H1299 A427

10 FBS 5.5 sodium bicarbonate 1
L-glutamine 100 / penicillin/streptomycin ~ DMEM

CL-3 10 FBS 55 sodium
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bicarbonate 1 L-glutamine 100 / penicillin/streptomycin

F12 5 CO, I

2 x 10° /10

10 1
phosphate buffer sdine (PBS 0.2 g/L KCl 0.2 g/L K:HPO4 8 g/L

NaCl 2.16 gL NaHPO4) 1 PBS

1 1 trypsn

trypsin

37 5 5

10 trypsin

100 15 eppendrof 4 900 rpm 5
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1 DMSO+9

2-4x10° /
20 1 80 4
9
37
9
4 900 rpm 5
5 10
DNA
1 x 10° 10 24

PBS 1 GenoMarker
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pipetman 1.5 3 5

500 chloroform 4 12000 rpm
5 2 RNase (10mg/ml)
30 phenol/chloroform/isoamylal cohol (25:24:1)
5 4 12000 rpm 5
3M
95% 4 12000 rpm 10
Savant Speed Vac <llO 100
DNA 2600nm 280 nm
20
pgml DNA= OD 260 nm % 50 pg/ml x



TRAP

(TRAP assay)
0.1
EtBr
(H1299) (MRC5) 28
(NSCLC) H1299
MRC-5
( ) 28 21/28 (75%)
C ) RNase A
TRAP DNA ladder
RNA (telomerase)
7 7128 (25%)
28 TRAP 21
SPSS Crosstabs (n=28)

(TNM)

35



(p=0.027) 55

h.TERT mRNA
(A) RNA  10-20 5
cDNA HT-CS, HT-CS ( )
1.5% 328 bp

(H1209 CL-3 A427)

h.TERT mRNA
(WI-38 MRC-5) hTERT mRNA ()
(B) (non-tumor)
h.TERT mRNA 56 45/56 (80%)
h.TERT mRNA 3
433 (12%) ()

h.TERT mRNA

(RT-PCR) 56
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(NSCLC) hTERT mRNA
56 45 hTERT
mMRNA

(TNM) p53

(IHC) C )

( ) h.TERT mRNA

h.TERT mRNA

h.TERT mRNA

TRAPasssay RT-PCR 22

h.TERT mRNA 17/22 (77%)
( ) SPSS
h.TERT mRNA (p=0.556)

Tdomerase RNA promoter (tekp) pGL-3
MRC-5 genomic DNA te-p Xhol  tel-p Nhel

( ) PCR 8670p (
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A) PCR EcoR| BamH| BMN

( B 15 DNA Xhol
Nhel pGL-3
(Luciferase) ( C)
Tekp
ted-p pGL-3 (XL-10)
DNA ( )
1998 Zhao
95%
Telp Luciferase

(tel-p/pGL-3)
(H1299)

(relative luciferase activity)

DNA B -od( internal standard)
(tel-p/pGL-3) p53 Bcl-2 DNA cationic
liposome—-DOTAP (Co-tranferction) 48

Luciferase
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(relative luciferase activity)

p53 luciferase 14
Bcl-2 2 ( ) p53
tel-p Bcl-2

Telomerase cataytic subunit promoter (tert-p) pGL-3

MRC-5 H1299 genomic DNA tert-p Hind
tert-p Kpnl ( ) PCR
430bp( A  PCR EcoR|  BamHI
BMN ( B) 15 DNA
Hind Kpnl pGL-3
( 0O
Tat-p
tertp pGL-3 (XL-10)
DNA C )

1999 Horikawa

H1299 genomic DNA
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MRC-5 genomic DNA

Tet-p Luciferase
DNA B -gd( internal standard)
(tert-p/PGL-3) p53 Bcl-2 DNA
Luciferase
(relative luciferase activity)
Bcl-2 luciferase ( )

Bcl-2  tert-p

B[a]P

B[a]lP (benzo[a]pyrene)

cytochrome P450 DNA

B[a]P td-p tet-p

B[a]P tel-p

luciferase tert-p (
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HelLa

Morin et a.,1989

1994 Kim
TRAP assay
TRAP
EtBr TRAP assay
TRAPez Telomerase detection Kit TRAP
Tag TRAP

(Utakdii et dl., 1996)

dimer
TRAP assay Krupp et
a., 1997 Holt et a.,1996 TRAP CXa
1998  Falchetti CX

CXa TS

TRAP
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50 ng/p | TRAP H1299
MRC-5

28 (NSCLC) 24/28  80%

125 NSCLC 98/125 78

45 46 Hiyama et d.,1995

(Steven et

a. 1997 Yashima et a.,1997)

4/28 14

mTR"
(Blasco et d.,
1997)

(Nakamura et a., 1998)
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ALT (telomere lengthening
mechanisms) telomerase-independent
(Bryan et d., 1995;
Nakamura et a., 1998)

35 P<0.05

(Axtell et d., 1976)

No
75
Saito
Sato et
a., 1997
T-N dage
(Hiyama et d., 1996)
RNA
hTERT



Meyerson et d.,1997 Nakamura

et a.,1997

hTR  hTP

Ito et &.,1998 Kanay et d.,1998 hTERT

hTERT
20
Nakayama
et a., 1998 Counter et a.,1998 1998  Bodnar hTERT
Bodnar et
a. 1998  hTERT Rb p53
hTERT
RTPCR
NSCLC hTERT mRNA
(H1299 CL3 A-427) hTERT mRNA
MRC-5 WI-38 5% NSCLC 45

80 hTERT mRNA



101/134 75.4 (Bieche et al.,1999)

hTERT mRNA
Nakayama et a., 1998 Takakura et al.,1998
4/33 (12%) (nontumor) hTERT mRNA
1998 Ito

ltoetd. 1998 HTERT

Bondnan et a.,1998 Vaziri & Benchimol.,1998

hTERT
hTERT mRNA
1998 Ito
hTERT mRNA
hTERT hTR

h.TP

(to et dl., 1998)
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hTERT mRNA

hTERT mRNA
h.TERT mRNA
p53 Bcl-2 Bla]P
telomerase RNA telomerase reverse transcriptase
p53
Gl
apoptos's p53
p53
p53 p53 1999
Ueda uv p53
Uedaet a.,1997 p53

Gollahon et d.,1996 p53
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(anti-apoptosis)

Bcl-2
1997 Manda
Bcl-2  p53

telomerase RNA

p53

Liu 1999 Bcl-2 B -2

(Korsmeyer et a., 1995 Garson et d.,1993)
anti-gpoptosis
Bcl-2 HeLa

Mandal et al.,1998

Luciferase p53 Bcl-2

1998

Zhao telomerase RNA
SP1  AP2 telomerase RNA
Zhao et a.,1997 AP1
(oncogene) C (PKC) T telomerase
RNA SP1 p53
(Bodnar et d.,1996) p53 Bcl-2

tedlomerase RNA

hTERT

tedlomerase RNA
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p53  Bcl-2
Bcl-2 hTERT
APl SP1
Wik et d.,1999
p53 Bcl-2
TRAP
hTERT

( Data not shown)

telomerase RNA

hTERT

P53
DNA
p53 Bcl-2
myc htert-p
myc
htert-p
hTERT mRNA
hTERT mRNA



hTR

hTR
et d. 1997 Telomerase RNA
Ki-67 ( )
TRAP
p53 Bcl-2
Horikawa
p53 Bcl-2 B[4P
h.tert-p
h.tert-p CpG
DNA
CpG
a., 1999
CpG

Merlo pl6
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Weng

(h.tert-p)

CpG

Horikawa et
DNA

1995



pl6 (Merlo et d.,1995 Gonzalez et d.,1995)

hMLM1
Deng et d.,1999

H1299 MRC-5 (Mspl

Hapl )
aneuploidy
(Blasco et d.,1997) Feng
(anti-sense) RNA (HeLa)
20 Feng et a.,1995
1996 Norton peptide

nucleic acids (PNAS) (2 -O-MeRNA)

telomerase RNA Norton et a.,1996

50



-c PKC

51



52



