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A2 telomerase promoter®] <3 DR4 3ol ZAFH
A Z3 adenoviruset TRAIL B3 Ao 93 A £
HA AX AIE f %=

X flr

_‘I

A A 74 TRAILS o] &3k §4d2 X5E CMV promoterE o] &3
adenovirus2Z 58] TRAILS &3 AL} telomerase promoterel| <]
& TRAIL 23do] 24 W= adenovirusE A Fste] 1 A7} 3
HAo Y, o] A5 TRAILo| W17 MMyt 71 g3& &3z

= P
sk 4 Qlelth

B oAFo s A FEAAT HNE AES fFadsls 22 Idyzl
TRAIL| W3t A9t =83 DR4E Ale telomerase promoters
o]-g3te] YA EZAARE deldoz HAT F JEsE = AT
adenovirusE A %31, A %3 adenovirus ©E EE Axg
TRAIL @¥ 4 T+ TRAILS #UdT + A+ adenoviruset 3¢
7l A skl TRAILOl tigh Wido] &efxl hAllazel g Al A}
H g9 E AEste] F9 AS o= ste FdA AR Ve
o] & widAstaAl 4t

o]5 9|3l human genomic DNA=ZY-E human telomerase
promoter #9lE cloningdtll ¥4 MEZ ALES GAFE A9
telomerase FA E=E luciferase assaysS Ed =43 A3} A4 7
KoM 291 Caski®} 4% Ay AEZAS HCE4ol A A A5 A5
Au MrrT =2 @48 #&FT = ATk Ubiquitin E3 ligase
A4S 7 E6GAP @i d iyt A ph3 T oA dd s gyt
g 48 de HPV 16, 188 o 2HE wdE™  telomerase
promoter?] 4& FTU7MA7IE Aoz 4 TF G AT )
ol E6 wulAS Azl Ae 28X e ASHT
telomerase promoter &/ o] F7tE &= A& AT = ATt o]
3l oA Eo]% #Ao] FelE telomerase promoter?} full length
DR4 327} &4 £3¥ shuttle plasmid construct® A %3+ 5,
pAd-Easy I system< ©]-83Fo] #1%3% adenovirus Ad-hTERT-
DR4E 29341 Fel A A B FEsilom, TRAILA wWdS 7HA
+ YAE CasKi®t HCE4oll 79 A1A DR4E A 7131 TRAIL
7 W3 A Aol AlXE AbE &3E western blot immunostaining
3} flow cytometryES Ea AE o mdoA At 1 2

¢



7 ow= AP A Bue ¥ AP AE APEe AEE RAFE
chld el PARPY  pro-caspase 39 Aol ol flow
cytometry©ll 4l sub-Gl fraction®] S7}st= A2 Hol Ad-hTERT
-DR4¢} Ad-ILZ-TRAIL H+ #=x3F TRAIL @@ de] w3l A g
Al A A A H AE APE 59E geld = St
TRAIL| th3k WAS 717 Al £ HCE49F HCE79 Ad-hTERT
-DR4¢} Ad-ILZ-TRAILS Z}7} infection Al7]2 W & ThA] F A
EE o] wUdEAS uwl HCE49 AE AEE gelgtozH
TRAIL¥ DR4E Wa A8 &3l& 49 TRAIL WS 7F <
AEZ Aze F&3 A5He] & = Jd5S THIAh

o]#]% TRAIL¥} DR4Z o] &3 TRAIL WAS 713 A E Ad
7 AE AgA dAolge AL gRlstr] A A AT
A 4y Alxe] Ad-GFP, Ad*hTERT DR4, Ad-ILZ-TRAIL,
Ad-E6% infection 3+ % PARPS®} pro-caspase 39 d¢ ofR = &+
Adgt A3 A A=7F A YEuA ko™ sub-Gl fraction®=
Ao F7kshA] &2 Ao = Hol TRAILY hTERT-DR4E °] &3
ol,\ﬂ* /\]_Dﬂ ] o]—,q] )\%EHXJO] o ao]g} 1;]_

ol AyE QA Fo| At HelA o7 TRAILY 4842 DR4
o] WS FEstal TRAILS ®3 Azlsted TRAILA sk A
S 7H dAMEY AE AMES fFEste AL dAE AdgAHA A
ol g% Qo] X5 glof o] & Ve Ao AyztHET

A == 2 telomerase promoter, DR4, Al ¥ A}, TRAIL



Al ¥ telomerase promoterd] &3] DR4 W@&o] ZAHE
A %3 adenovirus®t TRAIL B3 A g d o3 <AE9
A3 AX AE F &

TNF-related apoptosis—inducing ligand (TRAIL)= Al¥ 3% 2]
death receptor o] Z3gato] FAFEAA Sol Al AEX AMES st
EEde geA dgl

TRAIL-mediated apoptosisi= ligand?] TRAIL®] A X F o] &4
= 584 =, death receptordl] Zgstomxn T EI:M3lw L9
Ak dde] AE wkgo] AlZE T TRAILS i3k pro-apoptotic <
A2 DR49 KILLER/DR57F <4&A Qo Az 9o
ligand binding site, =< #% 3} trans—membrane domain, A% <]
F =5 A5 E UWHEE Adstes 98-S 5= death domain (DD)
2 FAFHol 9t} Trimer Eele] TRAIL®] death receptorel] Z33s}k
M receptor trimerization®] =% 3 death domain¥ adaptor
molecule?! FADD®] death effector domain (DED)A}ole] ©ha)a -t
W A9rs F3te] adaptor E@o] FE&Ad Ajetal FADDY
DED®} pro-caspase 89 £ A3l:= DEDA}o] o] vl Ashe F35lo]
pro—caspase 8¢ S recruit¥e] sl HFA  (Death
Inducing Signalling Complex, DISC)E dA3A wHH EZ4H3 9
pro—caspase 82 induced proximityol ¢]&l4 processing® o] A E
o] caspase 8 2% WHEHHA AX AE AsTE FslA "o (2
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9 1. Death signaling pathways in TRAIL-mediated apoptosis

g 1.
TRAILo] StAE Sold o= AE APES FEdtAT o2l oF Fof
A TRAILell ®igk Wj/do] ®arsle] TRAILC] gk HAES del=
¢t Fo W3k combination chemotherapy (TRAIL + anti cancer
drugs)2 E3) 454 SAxE A4 g342 F2a AU radiation
therapy + TRAIL W& AHAXE F3al in vivodlA & &9 AF
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telomeraset AlE FGA] oA = telomere ZAolE HUA 7= 9
S goed AT BRI FIASL ASANG dAEE A
Z o= 9 telomeraseE S SA I S ZA telomere?b A oFA =
WA= 7IAlE ZEFa lew, SRAES] 90%°] el A
telomerase®] @437} B Y™ ubiquitin E3 ligase &4
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kel E6 ©@ A S telomerase promoter?] A4S F7HA7)E Ao

HES AR 9] telomerased promoterE ©] &3}

of G Aol Uig Mx A4S diAlstY dAxE BolHow wi
FAAE ddetee 2o A7 AT Ty

2 AT M EAAT AE AES fFEste 249 TRAIL U
Sk A EY =84 (DR4)E Al telomerase promoterE ©]-&3dfo] <
A Zo| et dexog B ¢ JEE st AT adenoviruse
A|zstal A3 adenovirus T HEE A xR TRAIL @9 E+

4= 2+ adenovirus®} 7 A2 skl TRAIL
o Alszol digk Al Abd &35 HdEste] FF
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gHA &
A EgE AFF adenovirusE A FsFe] Ad-ILZ-TRAIL E+ A
Z3F TRAIL @z e] W&o o TRAIL WS 7Hd dAlxE

il

HCE4¢} CasKiel A¥ A8 &35 PARP® pro-caspase 3 @A &
AFS3%E Western blotting immunostaining %=+ PI ¢
sub-Gl #8& F3dte] 1 AEE IAT F AT E=3 o]y g
E AN Bde GHAE AR AoRE BAAAEAM =

AT

ool A AyE FHet B w, HAE HHAA telomerse?
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o A= % 4H

L A AEF 2 AZw

Ao ALSH AEFES AF BHEY AE (CasKi), 39 Al
3Z (MCF7), A1x=¢ Al (TE9, HCE4), W7 Al (HCT116), 4l
FAE (293)S AFESSla, BEE AEXES 10%9] SHeol ¥F
(U.S. BIO-TECHNOLOGIS Inc, Parkerpord, PA, USA)¥} 3gAA|
penicillin/streptomycinE ¥3%3li= Dulbecco’s modified Eagle's
media (GIBCOBRL, Auckland, NY, USA)2 & 5% CO.¢ &=# 3}
of 37C & wjg7lolA vttt

2. TRAP assay

Ao &A= o HXEFT telomerase = gk AR
S 7] 98 KimsVl 93l /lw®  TRAP assay WHO=
telomerase ¥4 =5 43T

g > 203 AlEFe] dgwAS Abg-s)
Atk 54 Rz o Z2E telomerase &4 o] 1= BRN A X9 3
hil A S A3t AR Al¥Eo] E=A 3= Taq polymerase & A A
7} PCRE A8t 9 54 234E 7S & JeB8= 36 47148
Y= += internal control primerg AR&3ste] PCRe AHEAS H718tS
th 6 wel dGdWMAS 02 u TS primer, 25 pl BSA, 1.25 mM
dANTPE 33t 4 x TRAP €9 (20 mM Tris-HCl, pH 83, 1.5
mM MgCl,, 63 mM KCl, 0.005% Tween 20, 1 mM EGTA)°| #7}
sted #HF 20 wW7F HEE S F 30TColA 3083 vESAIZ T 10 w1l
o] WrgHS PCRENF 25 mM dNTP, 5 ng NT primer, 0.1 pg
TSNT primer, 01 wgg ACX primer, 25 unit Taq polymerase
(Promega, Midison, WI, USA), 25 uCi [a-**PldCTP (Amersham

Telomerase 4] 9]



Pharmacia, NJ, USA)E #7}slo] PCRS A3t o, PCRS 37T
off A1 10:7F WESAIZL 5 94Tl A 30%, 60Tl 3025 273] RHE
o] A Attt PCR A 35S 7% polyacrylamide gelell #7] 4%
3lal Gel dryer (Bio-rad, Hercules, CA, USA)olA =& t}g X-ray
ZE (Fuji, Tokyo, Japan)ell 7% 3 &3ttt Telomerase &A=
o] A& B8 gel densitometer (Vilber Lourmat, Marne La Vallee
Cedex, France)& Al-&3t3Ath.

3. Human telomerase promoter F 9 2] cloning

Human genomic DNAE T3 o2 3l 5-GAA-GAT-CTG-GA
G-AG-CTG-CGC-TGT-3’ (sense primer)¥ 5-GAA-GAT-CTA-
AGC-TTG-CCA-GGG-CTT-3" (antisense primer)9] 9714 E=
7}A &= primer setE AFg&3dte] PCRE F33dte] 9L human
telomerase core promoter (301 bp)E pGL3-basic vector

(Promega)®] BglI &9 (B& % H-8)E Al&3}9] cloning 3F$ith.
4. hTERT promoter @A % &3

1) Luciferase &4 =4

(7}) Transient transfection

HCE4, CasKi, HCT116-neo, HCT116-E6, 4= A A AF A
IJHEE 5 x 10° cells/ 35-mm dish®] density® plating s+3 T}
S ¢ transfectiong AAEA T 35-mm dish 1 welld 100 09
dH IAAE  xggex %= DMEMI  Plus  reagent
(Invitrogen, Carlsbad, CA, USA) 4 wE 1 pgel plasmid
(pGL3-basic, pGL3-control, pGL3-hTERT)%} 4t} o] £ =5
gzl 1583 WA S AT o] wl A w2 platings] F2 AlE
= WAE AA & PBS ¢F8&H 2 mE 13] AlF st 800 L]
A GAAE xR &= DMEM wiAE €o] 9t} o] A



of 91l Eg& 200 b
o F71 oA 24A13F Bl <
infectiondt A A e BE {%_‘f?jil% Al wj g o m ZholF

, 24 Al ZE bl oFs) Tt

(]

k! mlm o

b AE 2 g9 F)

Plateol 1 WS A AL 2 me PBSE 23] st 2t
plateol]l 200 x02] reporter lysis buffer (Promega)E 7}3F 3 A
E @9l 15 ml tubeol &A FUh 5&EZF 4TAA Vortexo}oi <t
A3 AEE E3AIZ] Fo 4ToA 13,000 rpm o2 53 LA F-
g3t & AFdS Igete] AE FEF §4ES At AlxE FE &
o 20 uli= B-galactosidase A SAH A&, 5 e
luciferase &4 Aol AF-&stat.

(t}) p-galactosidase &4 =4

Bp-galactosidase &4 SAHE ME F&F £ 20 plol 4 mgo
O-nitrophenyl-p-D-galatopytanoside (ONPG)<} 0.1 M sodium
phosphate buffer (pH 7.8, 1 ml)E 492 & 44 w9 2 pld
100 x Mg& (0.1 M MgCly, 45 M B-mercaptoethanol), 0.1 M

sodium phosphate buffer (pH 7.8) 134 S Y11 37C, 420 nm ol 4]
FTHEE AT

(2}) Luciferase &4 =4

Luciferase &4 2 Luciferase Assay System (Promega)<
o] &3te] SAHSIATLE AE F= &4 5 woll 50 w2 luciferase
assay substrateE ¥ 3 luminometer®] A luciferaseol] <]3gk

substrate &3 =& FA3A



5. Telomerase promoter®t DR4 A A7} $H7 ¥ ¢% shuttle

Z g Zv) = construct®] AlF % adenovirus Al &

PCRS %3 ¥ human telomerase (hTERT) core promoter2}
DR4E 77} Kpnl, Notl %9 Xhol, Xbal F¢& ©]&3t]
pShuttle®l cloning 3Gt W&o % pShuttle-hTERT-DR4E Pmel
o2 Ast 5 pAd-Easy I3 74 &+ BJ51830] 34 A 3kA]
#A s AEF (homologous recombination)S F=38Fe] uHfol#
HE S Az AZE vloly 2 WE St DHSaol thA
FAHFAA DNAE S35 5 293 Mo transfectionA] A 24A]
7F Fo western blot immunostainingS E3] DR4°] Wd o R =
gelstdnt. A AZTE DNAE Pacle® Awdh 5 203 Al Zd

transfectiond} il o} d] \=wlo] 2] 25 A AF3} St}
6. Western blot immunostaining

AME F== £95 12% sodium dodecyl sulfate (SDS)

polyacrylamide gel (acrylamide: bis-acrylamide; 29: 1)olA 7]
953 & PVDF 9ol transferdlal anti-PARP Ab (Cell Signaling
Technology Co. Beverly, MA, USA; 1:1,000), anti pro-caspase3
Ab (SantaCruz Biotechnology Inc., Santa Cruz, USA; 1:1,000),
anti-DR4 Ab (BD Biosciences Pharmingen, SanDiego, CA, USA;
1:1,0000 &5 Abgate] 24 @A Ea) 5l e Jro Was o
15ttt o]x A= horse radish peroxidase (HRP) conjugated
goat anti-rabbit IgG (Pierce Biotechnology Inc., Rockford, USA;
1:5,000)%+= HRP conjugated goat anti-mouse IgG (Pierce
Biotechnology Inc.; 1:5,000)5 z}z} A}-&3}1t}.

7. Cell death assay

NEE 8357 g WA= 15 ml tubeo] %7 ¥ plated] A=E



)

cloning @ene
of Interest

Lineaiie with
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B5183 cells

Homologous
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Virus Production
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= trypsin-EDTAE 1 ml ¥ 37ColA 128 &< WA AT
AZ7E Dol AL Fsta viHE HolFAd 15 ml tubeol
At 2 me PBSE plated] U= AEE EF o] o] 15
m¢  tubeo] i 1,100 rpmol A 587 LA A Z T}
FFAS AAZ T 2 me 1 x PBS/ 1% FBSE Y1 A2 A
7l 3 thA] 1,100 rpmel A 587 AR A= 1
x PBSE 1 m¢ ¥ 1,100 rpm, 53 AMEXE AHA 7L FEHS
AAS = AR g 5 4T 9%
S 9 mE °FSFAl vortexingS 8
TubeE aluminum foilel]l 2 %
1,100 rpmoll M 53t AlxE dHstal FFds AAT F 4 ml 1
x PBS/ 1% FBS®= AF-#F3tdvh. thA] g 4T 1,100 rpmel A 5
7 43 & 05 ml phosphate—citric acid buffer (192 ml 0.2 M
NaHPO; + 8 mé 0.1 M citric acid)& %7} stk 2o 583t
Wxek A EE thA] 95 300 e PBS/ FBS/ Propium lodide
(PI)/ RNase solusion (300 x 1 x PBS/ 1% FBS + 30 ¢ 0.5 mg/
m¢ PI + 55 u¢ USB RNase)ol resuspensiond}$lil 37ColA 15%
b WES- A AT 5 ml polystyrene round-bottom tube (FALCON,
Franklin Lakes, NJ, USA)Z %71 % flow cytometry (BD
FACsCalibur; Becton Dickinson, Boston, USA)E Al8jslH L, 1
A3 = winMDI 282 #+248FA tf

-11 -



m. 2 3

1. &4 AEFA A telomerase A &=A

HCE4, TE2, CasKi % MCF70l4 44 tixza¢ 2938t %E H2
telomerase /o] #@AHNow (29 3), TE9Y HeLat 293¢ H]

= o 3 o A5 2=
3 wre &dA4& #EE 4 itk

2. A Alxet & AEFA A9 hTERT promotere 4 &3

B AEel oF AlEFolM el hTERT promotere] €4S 5435}7]
?1sted human genomic DNAE F3° 2 PCR< &3l hTERT core
promoter #9115 FZ3 & 19 49} & reporter constructsE A
Z sk At

Luciferase €4& g<lgt A3, A 2w AF A EZANA =
hTERT promoter?] &Alo] A tixzao & 2:¢l pGL3-basicd U
T whH A Ek AlXF HCE4, Aa 45 A2F CasKi, W3
AESF HCTI1169A4 = =7 fxza Huy o €579 =2
hTERT -promoter &4 & ##3 4 Ao (2™ 5).

T3 Ad-E6 infectione %3] E6 @A S A7l 44 <
Fo| 4 hTERT promoter?] &4 o] Ad-GFP infectionA] Xt} & # 3]
s7te & 5 Ao (29 BA, B, O).

E6 o] o3 hTERT promoter?] &4 Z7H= HCTI116-E62}
22 stable transfectant® ©]§3t AFANAME ALA & F AT
(¥ 5D). o]4e] Z3 hTERT promoter A2 oA EojAnt 7}
H A g9 F Ao, Eedwd EA Al 1 &40 HS St
He s g 7 o o AAES AR st 2 AFA
+= hTERT promotere] 23] DR4¢ wWdo] ZHFE= AMEF

adenovirusE A #sF it}

=
il

-12 -



Control HCE4 TE9 TE2 HelLa CasKi MCF7
BRN 293 02 1 02 1 .02 1 02 1 02 1 02 1 ()

F 3. 98 L AENA telomerase FA =3. Telomerase &4 o] UA
Z7e 203 AEF AT AS A&k, S HETOEZE telomerase
gdo]l ¢l BRN AXF9 dgmas &3t tdst  JAxEFo
telomerase 4% KimS¥d| ]3] 7145 TRAP assay W o=z =A%)

ﬂéu
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-320 GGAGCAGCTG CGCTGTCGGG GCCAGGCCGG GCTCCCAGTG GATTCGCGGG CACAGACGCC
-260 CAGGACCGCG CTTCGCACGT GGCGGAGGGA CTGGGGACCC GGGCACCCGT CCTGCCCCTT
E Box Ap2
-200 CACCTTCCAG CICCGCCTCC TCCGCGCGGA CCCCGCCCCG TCCCGACCCC TCCCGGGICC
Ap2 Ap2 Sp1 Ap2 Sp1 Ap2
-140 CCGGCCCAGC .CCCCTCCGGG CCCTGCCAGC CCCTCCCCTT CCTTTCCGCG GCCCCGCCCT
T Spl | Ap2? Spi Ap?2 Spi
-80 CTCCTCGCGG CGCGAGTTTC AGGCAGCGCT GCGTCCTGCT GC G GAAGCCCTGG
E Box
-20  CCCCGGCCAC CCCCGCGATG
pGL3-Basic : Luciferase |

pGL3-Control  ===__5v40 promoter =1  Luciferase |
PGL3-hTERT Luciferase |

298 4. hTERT core promoter’t 3% luciferase construct® A==,

A. hTERT core promoter® ¢97] A€ % PCR primere 9% (€& 1 H &),
B. &4 %+ pGL3-basic? %A thF+2 pGL3-control (Promega). PCRS
E3l 42 hTERT core promoter (A)E BglIH9& AFE3te] cloning$t

el

pGL3-hTERTY +%Z =23}s¢tt.

- 14 -




3. A1Z3% TRAILZ Ad-hTERT-DR49] 93 <A E Ald E 3

74 oA ¥l Ad-hTERT-DR4E #9412 ¥ A%=3 TRAILS
A2 8t9S W, synergistic cell killing effect7} e A ARE
western blot immunostaining® flow cytometryS ©]-&3}o] sub

-Gl #38< gelst A3 TRAILY WA<S vebds HCE49 49
Ad-hTERT-DR4Y %3 TRAIL 9wld v=o= Azd 4§
dAr 7 #FAA AE APEo] A #EAE A okl (19 6A; UF).
W3l pro-caspase 39} PARPS Auto] #zywx] ¢kgrom (¥
6B), Ad-hTERT-DR4Z infectionAlZ] ¥ A%3 TRAILS A3
Bg-oll A= ME Aol g ERFoR FRES AT F AN
o} (29 6A; 9%). v E A AT F coomassie brilliant blue®
AR E welxe d5 A Eos HE Agsds B9 AXE
/\].nﬂq x4t7} 741;} (_j_E] 6B; S22,
HCE4 Ao A% W A 39s Al AlxE Ao FHF o
Al ZFg-sh= pro-caspase 37F @4 F o] HAHIE Ho] d A3 7t
= AL BFY = ddoen PARPY Hdho] WEalA #FH AT
(¥ 6B; HCEA4).
CasKi AZo) A% Ad-hTERT-DR4 infection ;oﬂ A %3 TRAIL
Gl dS AE SAs A AT AxE APES FAF F AddT
(19 6B; CasKi).
PI 94 % FACsE °]&3to] AlZe sub-Gl 85 &1t Az
o) %= Ad-hTERT-DR4Y A %% TRAIL ©+wd w=o 2 g3k
749 sub-Gl #3o] A9l EAlstA ekttt whA Ad-hTERT-DR4
W Az TRAIL @¥ids sAlo] Ak A 9-o= sub-Gl &9
o] T7HgE & F A} (L9 60).
ool AxE & %3 TRAIL ¥# A3 Ad-hTERT-DR4¢]
& A TRAIL WA S 7HA= & AEFAA AxE AFEo

3
addos i + 9ee FAsyrh

_15_
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Abstract

Selective induction of apoptosis in cancers by hTERT
promoter controlled expression of DR4 and TRAIL

Eunah Choi

Department of Medical Science
the graduate School, Yonsei University

(directed by Professor Kunhong Kim)

Telomerase activity is detected in more than 90% of immortalized
and cancer cells but absent in most normal somatic cells and HPV
E6 oncoprotein could activate telomerase. In this experiment, we
hypothesized that the hTERT promoter can be wused for
tumor-specific expression of transgenes to induce selective cancer
cell death in TRAIL-resisitant or HPV E6 positive cancer cells.

First, we tested whether hTERT core promoter is active only in
cancer cells and whether the presence of HPV E6 protein could
potentiate the activation of the promoter by using luciferase
constructs and we found that hTERT promoter is active only in
cancer cells, and the presence of E6 protein could agument hTERT
promoter activity. Then, we generated adenoviruses to express
TRAIL-death receptor (DR) 4 driven by hTERT promoter to test
whether the expression of DR4 is induced by the promoter in

cancer cell lines in the presence or absence of E6 oncoprotein and
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we found that DR4 expression was induced.

Finally, we tested whether TRAIL treatment and the induction of
DR4 could contribute to selective cancer cell death by observing
caspase 3 activation and PARP cleavage, and we found that death
of Ad-hTERT-DR4 infected cells were increased in the presence of
TRAIL. Taken together, our results reveal that the proper use of
hTERT promoter could be useful and powerful for inducing
selective cancer cell death with effective death inducing transgenes
such as DRA4.

key point: telomerase promoter, death receptor, apoptosis,
cancer, TRAIL
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