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obt] \=rlol gl 2= A A ﬂ(z’n vitro) ¥ otz A H(n
vivo)ll = FH4 dEdgge] st =& qrta AQite] e
woolye 44 % 5 e o8 FHEo Bnu JHAY 25

g Abolel 9 tgoR s KA AR ohdlwuleld 2B ol &

st mEst FEs Fvbetn A O Ed, g g¥er fd44
Agg Adsts 4ol Fr40lm A4 AR FA4e] AL
AR 2 oA FaL ofFwupol 2o o8] fE Hi= S5 Wnke
of A A =HH FAY 235/ Slile] & 97l Wl o)
wutolel 28 fAA AgAZ ogat FAAARA BF ATt
guta] o] Folx i Ut 2719 ¢ §HA Az o] &E YFRe o}

diculol g A BA E7H53E ofdmnlolg AR
AR ol g Aeols AFFor PAE AL Ei
F9 ATEA Ftane

Aol BAHYY Y, oo d FAHL
Ak e o s
olglzo] et ATyt @ts FaAHm lom'" McCormick 15
T JA AR po3e B A7 = ofdmutolE 29 7]
Axpel E1B 55kDac] 2oz A2 ONYX-0155 7]2ate] ps3
of HE&dst ® SHAZo ARt dealHow FAste tAxE: AL
g wi P ey ol¥ @ EIB 55kDa A7 W
oftlicutolf 25 FF Mx A A Adse ofAE off wmulo] g
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AAR, A7 2HE £ol7] fEiMds LsEe ofvlenio]d s
HHE A o8 Fostalof sl o= ARHoR A U 54& 29
g F Ao ol S5V 9% Wtor FTF A9 A o=
Htol g o oy FF9] FoAE W& Folge FITE 2HE T
1718 = Al=Eo] ol o FoAa Adu. et AeH o EAshs
ofd:=mfol 8 291 CV890¥ doxorubicing 74 Fogroz A AA
o W vk oyt AA W FFTL 2HE AdAY FHANE F AN
M AgHe Mela A ofbd o] =2 CV787¥ paclitaxel S
g7 Wg FoFomd FFF aA4E 24 FUAZ F A =
g, ONYX-015 &F A= 44 ofdlmnlol2 A9}t cisplatin B+

>

5-fluorouracil(5-FU)& ®HE& Fo3t A3 747t i 3t 5
Hlgte] o5& W& Fosas o dAHxE Adso dA3 FdEIL
Az e ulolg 29 gite]l FILEHATE AT FHEL FAE

b

S ez FHLo AaAE ONYX-015 ofd w=nfo] & ~ 9} cisplatin}
5-FUE 37 W& Fodt= Al 24 AZAFNA & 3789 3 F
19 (A Aldgka & 51%, B7F 7hed $A & 63%)A IR
b ettt dgbA ek @ FedE dvrE ez 30-40%9
A mHhgol eI ONYX-015%F Fol st 4o = 14%9 Ftay
7b v Aol wasE wf, wpolel s A HE Fod A9l

AsAe FLEHE 4 F Ao, IAAE F AFE AW T
st

k%

A FAFtel g Az dY AR L B2
A7 HAAd e FFAERE cisplatingt 139 ofd RIS
d W Bupe vE FehAet HEEo AL
229 u 454 As5agdE Kol 5-FUS paclitaxelo] U] 34 o]t}
A2 F7 5 cisplatine DNAC A F4hol2s <4Z 7] (R-CH)
2 AAIA AxEz7E AHEE 7 gle BAR wEo A giAbel ol

b

carboplatin, 218|311 @S o2



il

dogozn AEo FAE T MEAY Fest, LA ofd
181 carboplatin FA] o] 71 A} FASHA SAE NS {3
o 5-FUE @i AbAl (antimetabolite) 24 Al 7] (cell cycle)®]
SA 719 283t nucleotide®] AAdoly L 7|Hbo] ¥ = purine =+
pyrimidine 84S Walsta, 71 A3 DNA FAdE& AR ste] M EZAA
S 9nxaA D 33, paclitaxelS FEYU G =3qz8S
Frste]l volaRFES SHEstA oz FAHEE gl Ax
F1E AANA FEAE AZHFS GEIOY A4 FARG
FT T ARY e cisplatin?t 5-FUE 7 Folsh= ol
ol gE ALY, FF A A ofvmutolg ~9te] WE AR
2k ol F T FAAE dEAAd FE2 AFESI oW, o
erpolef agte]l e H FdEd=E Ea o o#@A v o AR,
cisplatin, carboplatin® 5-FU+= DNA #4& Aa|dta] tAlE 2
S FESHA H=d, obdlentely 29 FHAE olF 7t el DNA®
TAE Qo] o5 A od] o =nlol o] HA 2ol A
Qomn ol met TIMEE HAET 7 de HolH A
EApe]l o] A wid FFE = HAY F v B

f vk g o9 HlzH o2 paclitaxel> DNA A4S A& sA

i

R ME F71E AAAA M2 LS FES7] "o ofd =nfol
gl rol 248 AstA L=t 1 A} paclitaxel A9 W&

Eoy 2 Agd A olg nulol# 29 ZA o] oM X oA &

wa dojujs] Heol B2 mH mRdow frE 4 Ut

A AEste] ddow npolg s FHAES] Veg HU &
WAl ol & Al FerA, TFAEE Us adHdow xH3)
& e W3 ofdimutolg 25 AEH Tt ofd ulo] 8 29
EIB 19kDa FdaE= 2483 A2 uAb JAAQ bel-29 +x2 o= 7]
THOR FARet, ofdlmutolg s 7] W FH A< E1AC] <3
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FEEE AEaAs gAdgn A o AR A4 5
EIB 19kDa #+327F 24dd ofdlmvlole) A AXZIALE st
Freste]l AsAow dAE Aes A FAANLA F Ae5S B

F? o] & oldulolg 29 7] AR EIB 19kDa’t 42 H <
HAE Aol SUEIL, sAO vpolel 29 FA o] HAE HAEH
o7 3435+ TERT (telomerase reverse transcriptase) Z &2 R E
of  daiA xHEE TF  HdE9x A ofdmnHbo] g £<l
Ad-mTERT-219¢] -5 A4 des] 5% 97 ma FA0”
TERT Z2REE ¢ A8 ddA FATE =243 txF 2 <
A A Fgo] deHow FrMEtt el Qe xd AlE
Aes &g ZRRERA, ofderlolg] 29 F2A o] TERT Z&EH
o o zAHE Ad-mTERT-219 oftwmnlole] 2~ ghAx A

Hom FAA 1 A3, AL AEA AEHLS FES & Ao

olggk Wi stol & AFolAE, FAFYY EFE ARHOR
AbgE 2 gl gt ¢l cisplatin®t 5-FUS Hidt¥} cisplatin® =4 3}
285 29l carboplatin® DNA 4 S A &dk# ¥ paclitaxel 9
S TL A9 A ofdiente]g] 29l Ad-mTERT-2199 37

H
HE FoFdenr dAx ddaAeE FEAA dAE ZES HAA

4 5 QEAE dolng ot FF FHE QAT FP50R @A
sol R ofuwrlolelz W FAS FoFe gaAA obd )
ozl g AA U BHL A 22U £ A B ohU LA
g3 wAgE A4S F2AL F A AoR Jdar



S ER
1. g8 AlExF 2 AEmE
A3l ALEE AEFELS FATY AEF(QLLL, CAL27,
FaDu, SCC9)¢ 293 AMx5 Soly, EF ATCC(American Type
Culture Collection, Manassas, VA)I A Fh439 . FaDu A EFE
ALd RE AEFES 10%9 $HetE Y (GIBCO BRL, Grand
island, NY)o] %% DMEM ®J=](GIBCO BRL, Grand island, NY)
S Ao R FAA penicillin/streptomycin(GIBCO BRL, Grand
island, NY)& #7Fste] 5% CO29 <=4 stell 37C = 7]l A
i Fst Atk FaDu Al X5+ 22 2734 MEM(GIBCO)2 2
&3t

q

2. AxS otdl=vlolgl 2~ Ad-mTERT-A199 A4t

off=ufol 2~ ZFgt2w =l pAdmTERT-A198 Asgx
Pacle = A 2] 3 A st Al H, 293 Al 3259
lipofectamine(GIBCOBRL) S o] &3t A g3t Ad-mTERT-A
19 EA 7ts otvlwmntolt 25 AAkstAt. A/d ¥ oft =nfo
= 293 AlEZEFAA F2
2 oulolglzel drtEs AASAY. s=HIAES fldAde= CsCl

=
gradient®= &3] dHlolg] A5 &4 HEy st

Al A limiting dilution ¥+ plaque assay

3. MTT assayE ©| &3 dgA] 23 IAX 445 v
a3



vl 7HA FFe FARY AEZFE(QLLL, CAL27, FaDu,
SCCOS oz Zhztel &AL, & cisplating, 5-FU, carboplatin,
paclitaxel®] AE A4 35 dlu HAI37] &AM, AXLES
24-well plated] 53kl 24430 Fol] ZgAe] =S =7 A
2] 3} 2L T2A) 7F 39 MTT(3-(4, 5-dimethylthiazol-2yl)-2,
5-diphenyltetrazolium bromide, 2 mg/ml) &< 200 xS plate well
of H7bste] 4AzbE<t 37T F27]dA §EEAHA T MTTH <3
ol AEd A EwiAl Aol FHHW 1 mle DMSO(dimethyl
sulphoxide)& #H7}8kar 37CA 1037t WA $  microplate
reader(Molecular Devices Corporation, Sunnyvale, CA)Z ©]-& &}

540 nmel M FFE=E st AEe AU AE&S S

=
Ao AEES 549 S35 #4E ol &5t ofgegr 2 o=
Al AkaE 3 o
Ao Ht WA S5-5 - J|FE A T4 E
WEE(%) - Aslial A A4 A e R 100
gz Hi A F5E - 7 N FTE

4. MTT assayE ©l &% AxF otdl=nlo] g 29 FHA <

Mg Felol @ AL ¥ WE AZ

hAlE HolA A4 ofdmutol 29k wigtE  FdAE
(cisplatin + 5-FU %+ carboplatin + paclitaxel)s 77} =& 4
Aegt H, At mE dAE LTS Hudr] 98k, FAEY
A ZF21 QLL1, CAL27, FaDu, SCC9E 24-well plated] &3aL
AlF % Ad-mTERT-219 ofdl:=nlolgj~E Z+Z} 0.3, 0.5, 3,
MOI=Z A A, wlolel = 3 5 24A3Fell Zbzhe] A&
cisplatin(l pM) + 5-FU(1 uM) X+ carboplatin(10 pM) +
paclitaxel(l nM)< g3 F 1, 3, 54 A (QLL1, FaDu) T3+ 2, 4, 6
A A (CAL27, SCCY MTT assay= A 33 o}

[\
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Z

5. TUNEL assayES &% A XA}

K
rd

SLEAE FolA A oldmutolg ek widtE FAAE
(cisplatin + 5-FU 3= carboplatin + paclitaxel)®] <FA| Eol] th3t z+
zbel MEZIA FETHIY HWEFAY mE MEix fFEsE W)

E wmsty] §ske], FARYG AEFESI QLLIME x 107 cell),
CAL27(3 x 10° cell), FaDu(l x 10° cell), SCCI9(4 x 10° celDZ
chamber slide®]| +F3t31 Ad-mTERT-A19 ofd]x=nlo] e ~=2 717}
HAAAG, vroly 2~ A § 2443k ZHZFe] A EES cisplatin(l
uM) + 5-FU( pM) H+ carboplatin(10 uM) + paclitaxel(1 nM)=
A stAh. FdA A 24A3F F wiAE AAS FH ApopTag
Kit(Intergen, Purchase, NY)& o] &3] A3 A7} A Ak Wbwe] o)
o} TUNEL assay = T3 . kA fxrFoz=
camptotecin-11(CPT)& A3ttt TR E  glstr] 93
peroxidase2t AT H aviding AF&3te] diaminobenzidine(DAB;
DAKO, Carpinteria, CA)¥} HESAIZl & AMxEEo] Aoz W=
Aol Fetozg g FHRFE 33 AFHGAY. Axde #Es)
7] 9138 05% methyl greeno® thA] 1087 A& AF3 =
xylened] <gol=E A3 HA|aL  Permount(SP15-500; Fisher
scientific, Fair Lawn, N]J)& mountingsls dv|7d oz #3235}

6. Annexin V-FITC/Propidium lodide(PI) 0|5 94A& &
Sk A EZA A F

TEAE Foly Ad ofdwmvtely ok wiFH IIAE
(cisplatin + 5-FU ¥+ carboplatin + paclitaxel)©] H-& 5o u &
AEIA FEsEe WesE dolry] 93y, THAEY AEFEQ

QLL1, CAL27, FaDu, SCC9E z+7F 1 x 10° cell® 25T culture flask



o &3t 24A13F & Ad-mTERT-A19 vlolg] =25 A AT bvf

A F 24AZA Z}2Fe] A EEe) cisplatin(l utM) + 5-FU
uM) B+ carboplatin(10 pM) + paclitaxel(l nM)< A 2] 3k & 484 7+
= 2417 3o #gdE MEES $934] 1 x binding buffer® Al
gk % ApoAlert Annexin V-FITC apoptosis kit(Clontech, Polo
Alto, CA)E o] -&sta] FAlZ B4 Aldstaith

7.4 W FFTE 29 A4S

Ag FEngse Bl wghe] 1x1077)
s FAE 5, T A7 9 5
0~80 m A% AA39S w, 1 x 10" plaque forming unit (PFU)/20
e Ad-mTERT-219 ol 29t 54 thxa<l PBSE T4 el
AR o5 AR 33 FAS T A WA vlolgl s Fo F 244
7t ] 5-E cisplatin(4 mg/kg) + 5-FU(10 mg/kg) HE+=carboplatin(20
mg/kg) + paclitaxel(4 mg/kg)S ol A= 33 HF d Fo
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Figure 1. (A) Schematic illustration of replication—competent
adenoviral vectors used in this study. Ad-AE1B19 expresses E1A
under the control of endogenous promoter and carries E1B 19kDa
mutated in translational initiation codon. ; Ad-mTERT-A19 has the
same backbone as Ad-AEIB19 except for the expression of E1A
controlled by m~-hTERT promoter. (B) Restricted replication of the
Ad-mTERT-19 in cancer cells. Forty-eight hours after infection,
total protein from C33A (lane 1), A549 (lane 2), HeLa (lane 3),
SK-Hepl (lane 4), WI38 (lane 5), BJ (lane 6) and IMR90 (lane 7)
cells infected with Ad-AE1B19 or Ad-mTERT-A19 at an MOI of 1
in cancer cells (lanes 1, 2, 3 and 4), and at an MOI of 10 in

normal cells (lanes 5, 6 and 7), was analyzed with anti-E1A or

anti—actin antibody as described in Materials and Methods.
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Figure 2. Dose-response curve of head and neck cancer cell lines
to chemotherapeutic agents (A) and cell Kkilling effect of
combination therapy of cisplatin + 5-FU or carboplatin + paclitaxel
(B). A, Cells were exposed to cisplatin, 5-FU, carboplatin, and
pacilitaxel for 3 days at the range of 0.1~100 uM for cisplatin and
5-FU, 1~1000 pyM for carboplatin and 0.1~1000 nM for paclitxel,
and cytotoxicity of each chemotherapeutic agent was determined
by MTT assay. B, Cells were treated with PBS, cisplatin (1 uM),
5-FU (1 uM), carboplatin (10 pM), paclitaxel (1 nM), or
combination of cisplatin (1 uM) + 5-FU (1 uM) and carboplatin (10
uM) + paclitaxel (1 nM). Cell survival was evaluated by an MTT
assay. Results are expressed as a percentage of control (untreated
cells), and values represent the means SD obtained from triplicate

determinations.
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Figure 3. In vitro growth inhibition by combination therapy of
Ad-mTERT-219 and cisplatin + 5-FU or carboplatin + paclitaxel.
Monolayer of head and necak cancer cells was treated with PBS
(@), Ad-mTERT-A19 (W), cisplatin + 5-FU (&), Ad-mTERT-A
19 plus cisplatin + 5-FU (X), carboplatin + paclitaxel (2K),
Ad-mTERT-219 plus carboplatin + paclitaxel (@). For the
combination therapy of adenovirus with chemotherapeutic agents,
cells were infected with Ad-mTERT-419 at an MOI of 0.3
(QLL1), 0.5 (CAL27), 3 (FaDu), 0.3 (SCC9). At 24 hr post
infection, cells were then exposed to cisplatin (1 uM) + 5-FU (1 u
M) or carboplatin (10 pM) + paclitaxel (1 nM) for 72 hr. MTT
assay was performed to totally viable cells, and results are the

mean of triplicate experiments.
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Figure 4. Efficient induction of apoptosis in combination therapy.
At 48 hr after treatment without or with 1 M of camptothecin
(CPT), Ad-mTERT-A19, cisplatin + 5-FU, Ad-mTERT-219 plus
cisplatin + 5-FU, carboplatin + paclitaxel, Ad-mTERT-219 plus
carboplatin + paclitaxel, apoptotic cells were detected by TUNEL
assay. Ad-mTERT-A19 oncolytic Ad combined with
chemotherapeutic agents showed significantly increased induction of

apoptosis compared to the treatment with each single modality.
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Figure 6. In vivo anti-tumor effect of the combination treatment of
oncolytic adenovirus and chemotherapeutic agents. Human head &
neck squamous cell carcinoma (FaDu) xenograft established in
nude mice were grouped (n=4) and treated with PBS (@),
Ad-mTERT-219 (W), cisplatin + 5-FU (&), Ad-mTERT-A19
plus cisplatin + b/-FU (X), carboplatin + paclitaxel (K),
Ad-mTERT-219 plus carboplatin + paclitaxel (@). Tumor growth
was monitored on a 2- to 3-day interval after each treatment.
Data points represent the mean = SE of the tumor size in each
group at the indicated time points. Ad-mTERT-A19 Ad combined
with cisplatin + 5-FU induced significantly more potent in vivo
anti-tumor effect compared to the treatment with Ad or cisplatin +

5-FU alone.
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Abstract

Anti-tumor effects of combinatorial chemotherapy with
tumor specific replicating adenovirus in Head & Neck
squamous cell carcinoma

Pyung-Hwan Kim

Department of Medical Science

The Graduated School, Yonsei University

(Directed by professor Chae-Ok Yun)

The head and neck squamous cell carcinoma(HNSCC)
affects an estimated 500,000 patients annually worldwide. At
present, the combination therapy of chemotherapeutic agents,
cisplatin and 5-fluorouracil(5-FU), has been used as a standard
therapy for advanced HNSCC. Gene attenuated replication
competent adenoviruses are being developed as novel anti-tumor
therapeutics. Clinical trials with the ONYX-015 (E1B
bbkDa-deleted) adenovirus in combination with chemotherapeutic
agents (cisplatin, 5-FU) have demonstrated a synergistic antitumor
effect. However, most of replicating adenoviruses used In
combination therapy to date have their EIB 19kDa gene intact.
Because the E1B19 protein is an anti—apoptotic agent, adenoviruses
retaining their EFIB 19kDa gene may interfere with the mode of
action of some chemotherapeutic agents, resulting in attenuating
the overall potency of these combination treatment. In our previous

report, EIB 19kDa-deleted adenovirus, Ad-mTERT-A19, which



encode the E1A gene driven by the uniquely modified m-hTERT
promoter, elicited enhanced viral replication and cytopathic effects
in a cancer cell-specific manner. For the aim of improving the
therapeutic efficacy for HNSCC cancer, we investigated the value
of different combinations of various chemotherapeutic agents
combined with Ad-mTERT-4A19. We assessed the cytotoxic
activity of each combination in four different HNSCC cancer cell
lines, utilizing MTT assay. Our results show that the combination
therapy with Ad-mTERT-219 and chemotherapeutic agents led to
improved  cytotoxic  effect compared with a  virus or
chemotherapeutic agents alone treatment. The induction of
apoptosis was also synergistically increased in cancer cells treated
with Ad- mTERT-2A19 and chemotherapeutic agents, demonstrated
by FACS analysis and TUNEL assay. Furthermore, combination
therapy with Ad-mTERT-219 and chemotherapeutic agents
exhibited superior anti-tumor effect in FaDu head and neck tumor
in vivo compared with either agent alone. Overall, this study
presents strong evidence for a synergistic effect when treatment of

Ad-mTERT-2A19 is combined with chemotherapeutic agents.

Key Words : gene therapy, combination therapy, -cisplatin,
5—fluorouracil, carboplatin, paclitaxel
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