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AXNFES 7153, HER-2 EFAFA, oldulolgj 29 /e

HER2/neus A|lXE9to] EAst= AR ’k%iﬂ (Epidermal
Growth Factor Receptor) & 3sh=EA AA ket gzl 20-30%
oA IR domw EFI dFAxE LA Adu ol F
HERZ/neug HAHOo2 3 Aofso] /BEsa glom IO 7 Had
Q1 kA7) Herceptin (Trastuzumab)©] T,

oft|mnfolZ 25 o] &% FHA} ARE FLAEA AHEst=H
M 2 FARE A W Ao g st AAFAF ofHt
= Aolt}. olH FTAE :LHO}E_X} < PEG (polyethylene
glycoDE otdlimnfol g 2ol ZFo]H (PEGylation) A W HS wk
e HE T A o) otdlmutolg| 2o FAM &S "ol
oF5styg o2 AUC (area under the curve)E oA HAXFo 7}
7bed shubel W o R AN HI Utk dAIRE o] 3k PEGylation
ofe|:=nlol2] = F9]¢] PEGel ©]3] ofvliulo]ld 29| AlZ =R
Aol "HolA= Fo] ABAR ARGl AolA SEHoF
TARORE A7 Ha At
2 ATolMe 2 ¢ & AFHdAN GAE FolF I ¢
A AE Adsol U 2 F J=F ML, 5A7s ottlx
nlo]l# 229l Ad-mTERT-A19-Relaxing PEGylation A7l 3 t}A]
Herceptin & &4 AaY +% 4 (ternary structure)S 7|
gtal o]E HER2 #ddd FHAANEFE o= & A 5A9
in vitro 2 in vivo %5 g<l3sta2 33l

of|=nlo] 2] 29| PEGylationg 3] ofd|x=nlolz]=9t PEGE
AAs]F+= cross linker?l Dithiobis (succinimidyl-propionate)
(DSP)Y} Dithiobis (sulfosuccinimidyl-propionate) (DTSSP)E 7]

K

nk 1o rlo
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&l Dimethyl sulfoxide (DMSOY &9 &ujE AL&3ho]
PEG9} Hb5-& AlAXA PEGylated adenovirus (Ad-PEGE Al &s}
Ath. I ¥ PEGylated adenovirusE cross linker?l1-Ethyl-3-
(3=dimethyl-aminopropyl)-carbodiimide (EDC)/N-hydroxy succinimide
(NHS)E o]&st 54 71xd DEEFAQ Herceptin?} HES-A|
A Al 7+2E (Ad-PEG-HER)E Al#}3kolt,

olFHA AAA - AYEAME s FPLCE T3 &9 of
dl=nlo]g 2 (Ad), PEGylated o}d]x=n}o]d] 2~(Ad-PEG), —Lg]a
Ad-PEGo®l Herceptino] HzZ9Ad-PEG-HER Z}Zte] =37]E DLS
(Zeta-potential Analyzer, Photal, Otsuka, Japan)& ©]&3}lo 54
sk A3 A EF EF A7I7F ¢F 100nm AEP oy Ad —
Ad-PEG — Ad-PEG-HER®] T2z #42 377} Z713S glog
it & olE EHES ol&sto AEFECIAY GFP 24
& g% 23 Ad-PEGE AdET GFP ¥d A7) ZQ%:QM_
1} Ad-PEG-HER+ HER2 ¥+ M| 3E91 NIH 3T6.7, MDA-MB-435,
2 MDA-MB-231 A XFoA= GFP &do] Ad-PEGETH F7HE
AT g A T3 o] 3I7HA =
(MTT assay)ollAl %= PEGol <9ls] A" AlEZ5A o] Herceptin
o] #7hd Ad-PEG-HERIAM <7hgo] &&= Ak olzdk axrt
HER2/neudl &4 71d& wizhstel ZAs=A &8ty 943
competition assayg st o™ Hercepting vlE] A2g 74
T 284 ¥ A9l Hlsl Ad-PEG-HER®] HER2/neu ¥&d
AEFNM O GFP 2ol s = e FAste] Ad-PEG-HER
7} HER2E &3l #9el 85 AHACE & 4 UATh

Ad-PEG-HERE BALB/c whp-ZoAAdel Blsl F3talo] 84
o] ZraFAEH ©lE PEGylatione@ Adell tidh st ukg-&
9= £ A2 AL Yok FEURS-2 xenograft EE o)A
Ad-PEG-HERE Ad4y Ad-PEGel Hla] Add 3¢ adtE B
A2 ur EASIAC GolHe 99Tt

4 olgd AEEH A

o o Y

h‘,i



A8H o2, Ad-PEG-HERE HER2 &d f1b¢t

=
BAZA 7heA e ARt #dEEH FF 2714

AA = & oold|=nvlo] 2 2, HER2, PEG, Herceptin,

FfAd A8



AT 7bs3, HER-2 RHAIFA, otdnlo]g 29 Ad

I.4&

TGS AA Aol THE 199 dem syt HE
7b 543 s7kstal vk shAIRE, A F5 el EHof
o

BAo] o 109 WA ALRE Aoy

o] A&83 X&A|=Z, epidermal growth factor receptor?] 3 F+F
HER-29°l 3l ©Z 234 (monoclonal antibody)Ql trastuzumab
(4%, Herceptin), &AW AR vascular endothelial growth
factor (VEGE)l thgt SEZ &A1 bevacizumab (4%, Avastin)
Sol MEE o] AA Azl o]&H i . 53], Trastuzumab
HER2 1}‘”&]’3}— 7 O]}‘o T SAfl R ol e AT
ASAZAE o]u] Aol A] ARG L Tt ®,



o Fd2 A5E dERE vto]#] X (retrovirus), ©Fv|=njo]

i)
>

(adeonvirus), AAV (adenovirus associated virus)s= ©|83}

YEo] FEL o|2a Qo FAcE BAl Brbs wolH2g of

&g Ao ddo] FH AT FAJoY HZddeE AR A
w ook ohe} wholel s AAsk BAlsd AEE FA sl g
adsE S T UA=RF AZE A 7Hsg vpoly o] gk
AT7F SEstA AgE ot otdlnlolel e e FHA}
A HAE 5&s HolH & AUtE ABAke] Tkt 44
%2 5 QLR in vivool A E §07 Aol Kol A2 ¢
S Uiz s A AFe Bo] o] &Fa U A I
Aol A ofdlmutolg 2o %7] §H A9 EIB 19kDS A7 38ho]
SAEZ 435S SUAZIY, FAlol wlolgixrt GME HAEHo
2 4 F JAEE 3}7] 93 telomerase reverse transcriptase

(TERT) T ZEEo| o]a]r] nlola]xe] Ea7t 2HE 4 Y=
AZE Ad-mTERT-A199] 58 ¢35 avs Big v il

obdiculol g 29 P z7]e] Hd¥E @GwWAEE A E1IAY
EIB7} 9l=dl, E1AE=
2l JAlo dFAHo)n, MEFVIE ZEE pRbe AR s
E2F-pRb HFAZHE E2F9] &lgl& f=ac” " E1B 9WdE
< E1B19 kDa9} E1B55 kDa® FA o] vk’ E1B 19kD &=+
= 2483 AL dAAQ Bel-29 FxZFO0R 5 HoR AL
gko], ofdlutolgf o] x7] wd FHAR] ElAY] 98 fEHE
AEIALE AT G Aok’ B AFde A= EIB 19kD
FAA7E 28 oldlmnlo]H AE xenograft BEQ] Foko] Fo
ghof AlEaLARS] Zhsk fEof tEo] YAE sl AA St
FAeS BusAoHl w3 p53e] o] o3 AT F=
A Z AL o]8] o]FoxH o]Ee] <& WAdaI= GAE Al
EIAF 7)Eol BAAY W oS gdFolrt. mebs EIB 19kD

AR AE ol AZIAE JASA Fe obdmrloldAE
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AAAGAZ o] &gt ofdlimnlo]g o] F2lo] wWE A E 2]
SAHEEE of] @} obdlimutol 22 i p539] Wle] old) FESE
AZIALE A =2 & o FFF a3 A AIANE
& Aolt}. T3, TERT ZREEE & A3 AdAQ 49 2
I dAEF B G dAo] duderw Tt dHA
A= UEH UAE A A TR A2 olg o]y A
o] Z2lo] TERT Z2EHo| oJsr A% E Ad-mTERT-A19% &
AN AEH 0T FH5e] AXIIS FES 5 o FHol Uk

obdlintol 28 o] g9 FAXNEO] E Fpe] Fohart whol
2] 20l Apolrt, FduolA AA AT MEQ7]|AL wioly 27t
AZA T2 AMER o Fd
2 deA Aok ¥ olgg dAE S5 8 EAFHeAe
Relaxing ©] &3} Th Relaxin® T+%%

like growth factors®} A3l 7] 54 2.2+ interstitial collagen

= =

M7= Tag Fol agle

noE

S 2 insulin =+ insulin-

A3 2 BHlE F0]3l matrix metalloproteinase®} procollagenase
o e FUMIIE Ao® EA Jup. B ATioAE o
Relaxing A FFAG2 FA ofdwmntolg e Hio]2] 9]
Ay @ AIZIA FEE FVARE 2o dep ot o] dk )
7Asto] £ AFoAME Relaxing @& sHE Ad-mTERT-A19E8 A
Zhsto] thE @A o] ATl o] &5t
AA dEAE T FAA A

=
e FaNBA0 . AT, Fa X Bl

>

AAZA AR geradsl Holuk wlolela5g Aol
da Wdom A4 Foad Fri A0 oF W
A HgAe Aol ARENE Jhehy] oAk whebA, FguolA



o] Bt E S5T A vtelg 29 e FAA A8 ¢

A8 HEEA] s Fofof & g Aolt

Polyethylene glycol (PEG)2 AFE WA &3(uncharged) ©Y
WS- f8skA &e, 44 (hydrophilic), T+ E% (polymer)Z
A obdlmElolg] A QUM A 9] free lysine residues®t WHS-3}o]

FAFS FowM otmutole] s TR QlE QA W WY

SS #AAZ F e BHo|tP. 1 Fete] AT E PEGY
olg1dt FAS o]&sto] Hioly 2o HA Folo] mE WAAH=

Hataak Ao kA vk, obdlmHlo] 829 PEGylatione 9
Agow Holg vt AE FolFom HIsted oEwe FiL
Act. oldE FAFE S5H8H7] HElA & HE epitopes #JISH
o] re-targeting®] AXE¥ 3l A& 7] & folate, integrin—specific
RGD #t}o]l= =2 E-selectin—specific antibody &©°] ©]&% o]
%]—/‘I_3f3—35'

2 AFAE Ad-mTERT-A19 oldlx Hlo]¥y =5 PEGE
Al (PEGylation) B93-S A3 3to] A yoxo LS
TR, e 5ol HER-28 Z A3 3 Ad-mTERT-A
19-PEG-Trastuzumab®] 3% (Ternary)ulolgi=g 71@ste] in
vitro, in vivoollA 9] &F¢ G35 ATt FF FdelA A

g A AsARA 0 e oFE skt

4
2
i
I

>

I As 2 4y

=

Lt Alxs 3 Al

ke
ke

Ao AHgd AXFES FHY AEZF(NIH 3T 6.7, MDA-MB-
435, MDA-MB-231), Ao} AMXEF NIH 3T3, H AEF
U25IN 2]l 293 AlZF 5ol, MDA-MB-435% A]&tighale]

A2 9] BE MEFELS ATCC(American Type Culture Collection,



Manassas, VA, U.S.A)lA FYstadth e AXFES 10%9 %
e o}d % (GIBCOBRL, Life Tchnologies, Rockville, MD, U.S.A)#} &
A A penicillin/streptomycin (GIBCOBRL)S ¥38}+= Dulbecco's
modified Eagle's medium (GIBCOBRL)S.Z 5% CO,°] &) 3}l
37C = viF7lol A wFatalch

2. Ad-AE1/GFP ¢ Relaxin %@ Ad-mTERT-A199] Azt

Ad-mTERT-219" mlo]g]29] E3 ¥-9]o] Relaxing HdA7]7] 4
3] 94 #¥E pDNA-LIB-RLX (ATCC)ZHH endonuclease Sa/le}
Hindll& ©]83+%] Relaxing Zeio] #E pCA14 (Microbix, Ontario,
Cancada)ell 29 pCA14-RLXS 7H=9lom o] HE] CMV-relaxin-polA
expression cassette® AT F o|& 72| endonuclease Bam/{I°]
ofsf Z ofdlirtoly 2~ E3 ME WEIQl pSP72-E3ell E3lth o=
A AAAE pSP72-E3/CMV-RLX2 PvulE A28t linear formo. 2
=Rt Ad-mTERT-A19 9A] endonuclease Spelo.Z A g]|s}o]
linear formo.2 WH= F o] F 7}4] linear ME HE 9} ol nlo]g 2
€ Ecoli BJ5183°M &4 92 ASAA Fd4 45 A=
(homologous recombination)S §%&Fth 2,

Ad-AE1/GFPe] A& 9&l GFP reporter genes X &gt
pEGFP-N1 (Clonetech, CA)Z%EH GFP +3dA= Xho I ¥} Not |
& ol&ste] EEstlth BEl® GFP 1325 Xho 13} EcoR VE
ol 4ste] pCAl4 WEZ cloning A1# pCA14-GFPE AIZatglo
H o] ME HHE Xmnl €48 AZSHY linear formoZ s &
A 85 oldlimulo]l 2~ WE<Ql vmdl1324Bst (SB Verca, University
of Fribourg, Switzerland)9} &7 E.coli BJ5183°14 &4 &2 A
A7l = BstB [& o838l ddsto] {HA s AZE (homologous
recombination)& =38t pdl-CMV-GFPE A #st3itt. ol =7
A2 oldlulo]H 25 293 AEFolA HlgH oM CsCl

gradient 2 &% B &F T8I o]FA ZElE nlolg s



10 nM phosphate—-buffered saline (PBS)-4% sucrose®] Z3}3}o]
=80T HAsTE wloly 2~ H7l= 260 nm oA 9] optical
density(ODy0)E =AY F3om oju]l 1 absorbency unite
10'2 viral particles per millilitere] &%= 1t}

3. oldlx=nlo] g 2, PEG 183 Herceptin 72| 32k F+x2& A
Z 9 AlZE Ad-PEG-HER®] 474 9 A% £4

AAkdE oldlnlol 253 PEG, Herceptin® 32 F&E&E
(ternary structure)®] #A|ZE Fig. 1o =213} ¥ oy FXE9
A & AG 2 AF B4E APsdTr36. GFP #fdak 3.14%
1012 vp/mLE ¥&3%F Ad-AE1/GFP$} Relaxin @ Ad-mTERT-A
19€ phosphate-buffered saline (PBS)-4% sucrose®l X #3531 T
old|:=nvlo]# 2~ 0.15M NaClE ¥33F 0.1M sodium phosphate
buffer (pH 7.4)°l4 Dithiobis (sulfosuccinimidyl-propionate)
(DTSSP)9} 1:106 mole HIZ (ADV:DTSSP)Z AF2oll A wlgl wh-g
Al AT}, 1 & Hetero-bifunctional polyethylene glycol derivative
(NH2-PEG-COOH, MW 3400)7} 1:105 mole H](ADV:PEG)E F7}
F AT} 2413 T Ao WhS- & excess free I-lysines& F7}
stA wkes w2 F ol A A =3 F free PEG
residuesE AAsH7] 984 Centricon 50-membrane tubes
(Amicon, MW cutoff: 50,000) 2. & ultrafiltrationg 335} t}. DSP
linkerg ©o]&3% AgJAE DMSO7F o] &¥HAL YA FAHL
DTSSP¢}  Zth olg3A FHE Ad-PEGE  1-ethyl-3-(3-
dimethyl-aminopropyl)-carbodiimide (EDC)2} N-hydroxysuccinimide
(NHS)Z 1:10:10 (PEG:EDC:NHS)®] mole H]Z 0.156M NaCl< 3%
5t3k= 0.1M sodium phosphate buffer(pH 7.4)o A wF&Al 7T A
ol Al 303F ¥kgAIZL F EDC 9 NHS residues® A A7) 9
3l Centricon 50-membrane tubes (Amicon, MW cutoff: 50,000)°]
A ultrafiltrationA] At} o] €Al Alztd A Eol Herceptin® (HER,

)



185kDa)e] 10:1 (PEG:HER) moleR] 2 F7}¥ a1 o] HF-8-2 47T
A 2N EoF WA 2 F whgE FEAITI7] A8 excess
free l-lysine°] F7}¥ Ut} viAHo g =43 Ad-PEG-HERZ
2lsh7] sl A7) webs JA 7hsd AZrtEHS Sephacryl
S-500 (Amersham Bioscieces, Sweden)& ©]&3}o] 28-S X33}
il o]=EA A ®el" Ad-PEG-HERE —20CelA AHE-3 w7}
A B#sA Y. Ad-PEG-HER®] AHZH ® 4L protein assay
(Bradford method, Bio-RAD)E o] &3slo] X183} Qlt}. Linker=
€49 DTSSP+= &9 oA vkg ?___]gﬂx] 2 A=
71 g oA WSS dov]E DSPE g4 Algste] 44 AdS
y3H 3L+ linker (DTSSP, DSPV¢4 PEGylation & A|XWe]
Az =9 &S GFP 23 Ak 9 FACSE ©]&sto] Hlalstaitt.
T3t % ]-&riQl DMSO2] ofd|mnrto]g o] &g Ao thgh <
FZ GFPO AEzW 2d HA=E o] &dto &4 53t

o ™ o X

cross linker

OMSO ALE DMSOAE —x [

f/crms linker \
N, + + coon—|_PEG_[-tH, +

Herceptin Ab

T e | |
15 LS

Final

Fig. 1 Generation of Ad-PEG-HER conjugation; Adenovirus was coated with
PEG via cross linkers such as DSP or DTSSP and then, Ad-PEG was

conjugated with Herceptin monoclonal antibody using cross linker of EDC/NHS.

10



4. GoldE ©]43% Ad-PEG-HER ¢ A4&4E& g
Au-Ad-PEG-HER®] A%}

Ad-PEG-HERS HFTHo=z Zst7] 938t colloidal gold
particles & Ad-PEG-HER °] &%lt}. Colloidal gold particles (~
20nm)e FuEFe] Ba @ udhE AP, FHlE gold
particles< anti-Herceptin Ab (FITC-goat anti—human IgG;
81-7111; ZyMax™ South San Francisco, CA) ©] &o]a. o] &3}
A2 HER-PEG-ADV o] thA] E3tH”. o2 zteFsiAl e ofatd,
#4849 gold particles2 0.1M K,CO32 o] &3te] pH 9.0 o] HE=E
sFolth gA " anti-Herceptin antibody= =olA 1A+ &<t
colloidal gold particle solution® ¥H8 AZATH I & 5% (w/w)
BSA solutiona F7}8}4 colloidal gold particlesS <4 345131
o]& ThA] 304 % incubationd}t@lTh WHE-3HA] %+ anti-Herceptin
Abg AR 98 ddEeE wEsgla - =2 0.15M NaCl,
1% BSA 18|31 0.5% NaN3;& X33t 0.1M sodium phosphate
buffer(pH 7.4)2 {3t BAsH T Aul B anti-Herceptin
antibody® Ad-PEG-HER¥} €7 4°ColA 12A13F o] WESAIH
c}.

5. AIXv] GFP #d 573

HER2/neu ¥4 it AEF (MDA-MB-435; 2x10° cells/well,
NIH 3T 6.7; 1x10° cells/well, MDA-MB-231;5x10" cells/well)
2]32 HER2/neu &7 AEF (NIH 3T3; 1x10° cells/welDE 24
well plate o &5 24413t & Z4zke] AL E Ad, Ad-PEG, 2]l
Ad-PEG-HERZ ZAAI AT 39 ¥ MetaMorph Imaging System
(Molecular Devices, USA)°] 2+ fluorescence microscopy
(Olympus BX51; Olympus Optical, Tokyo, Japan)& ©|&3}o] &z

STk 7 F FAE 24 Adste] GFPE A% Sl

11



6. Herceptin retargeting®] ¢l #% competition assay
A|#E Ad-PEG-HER Hielg] =9 Az =] A3 =S 26t
7] #138te] Herceptin T PBSE 747} Fojgh 9] wlojg 9] 31
A AEE vasgith ol& 9ste], MDA-MB-435 AXE 1x10°
cells/well2 24 wello] &+ 3 T well B vlolgix 7 A
o] Hercepting 200ug/well 28]3 PBS Y %S 4TCoA 1A%

¢ A4 Agsidth. 1 & AEFE PBSE washing ¥ ¥ Ad,
Ad-PEG, 18]31 Ad-PEG-HERE o)A 2A17F &< #E A7)
1 THA] PBSZE washingstth 2= 3 5% SHstdHo] ¥3H

=4 8tolch,

rI.IO

DMEM 1ml& YolF 48A17F & GFP 2d &

7. MTT assays B3 T AX 245 vl

T4 A obdlx wlo]#l 2l Ad-mTERT-A19-Relaxin®} o]
Hlol & o] PEG 181 PEG—Herceptin% Agtgk 7} wpolg 29
dAZE Fdss vustr] Hste], 99 AEF NIH 3T 6.7,
MDA-MB-435, MDA-MB-231, 1-4?; AEF U25IN 58
24-well plateo] E#F3dtal 24417 & Ad-mTERT-A19-Relaxin
ol =nv}o]H -~ Ad-mTERT-A19-Relaxin—-PEG, Ad—-mTERT-A
19-Relaxin-PEG-HERE #AAAZT. #d 49 F, MTT(E-(4,
5-dimethylthiazol-2y1)-2, 5-diphenyltetrazolium bromide, 2mg/ml)
|d 200 WS plate wello H7Fsto] 4A17F5<E 37C =70l
A WAL & MTTel o8l ol AlZEolA Evukdl 2740 §
4™ 1 ml°] DMSO(dimethyl sulphoxide)& % 7}8kal 37Col A
1087 ¥WXx3 3  microplate reader (Molecular Devices
Corporation, Sunnyvale, CA)E ©]&3to] 540 nmol|A F3EE 5
okl Alxe] FoiE AE&S S5 Axe] YEES
4 S35 #s ol &ste] ofjet &2 WHow At
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8. oldl=nlole] 29 EF clearance? A

BALB/c vF$20 4 ZF o}d|xnfo]e] 29 F clearance

el s AAZE AF B4 PCRE Ad&9tt. BALB/c =}

gl Ao Zhzlo] ofd]
Wl Al 100 ul®] &E& 0. 5. 10, 20, 30, 401821
Atk ARG AL
Valencia, CA, USA)é o] &3to] ofd|:znlo]# 2~ DNAE
A DNAE F=3

ol gslo] A & =

wHpolH A5 1x10"0 vpR FAF F

600l Z

% 5 ng°] DNAZ

=
real-time
genome= A3t}

9. %3 FA D IL-6 573

H

Qi

olo

e o

obd= wlolg 2o gk BALB/c Ph--2=0f A
7] A8l dF FEEA 2 IL-68 SAHEA
7] el 1x10" vpe] Ad, Ad-PEG 831 Ad-PEG-HER
vlolg] 25 7247t BALB/c vh$-229] g Ao FA F
Qrel Ao A ok Imlo] FES ZHzt
AF F dAHowHE serume I F FIIA AL
56 CollAl 30%3t heat inactivationA|Zl & o3 A9 43
-20 Coll 23t 1 54 24 well
Iml media ¢} A 53 &
MOIE A=A 300ul <toll Z+Z}eo] Ad=ZHEH doJZR anti-Ad
1:5, 1:10, 1:302] H]&o] HEE 4

bl

of
B 7

FA

==
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H
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[e)
T
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S|
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S|
2-9]
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Z_|

1o,

o2,

2l

QIAamp DNA blood mini kit (Qiagen,
>3k A
3 PCR 732 93 Nanodrop UV spectrophotometer
template® ©]8-8}% quantitative
PCRE Z}7Zte] AZtEE AAF T 4 A EolA viral

ol
ofs
o

dob e
23
ol
-

ohd| i

84 $ol

AAsA 2 whg

2EH
Al A

A 7}+A]

Z}zboll U343 AIE (4x<10H%5
th22 Ad-AE1/GFP Hlol2{ 2~ 400

serum

I o] EFEL 37 TolA] 20%



7 WS AAT 1 F AEI BFHY g welld mediag AA
g ¥ Ad-AE1/GFP} anti-Ad serumo] 4191 2% 300 ulE Al
3o 37 TolA 1A A sk s T3 F EFES AA%
9 5% FBS7} 42 media 500ul® washing 3+ ¥ 5% FBS media 1

1S Yolx 48A17F wjok ¥ GFP ¥d AEE &3 A7 = FACS

l"?—@ug o] R H o R sl

IL-6% 1x10" vp9] Ad, Ad-PEG 181 Ad-PEG-HER Z}7}9]
ofd|immto] 2] 28 BALB/c vh-29] ae] AWl FAF 3 3, 6, 12,
24, 48/\]7P T Qkel ol A ¥ 300 ule] AdolA serumE #
gl = [L-6 ELISA (R&D systems, Minneapolis, MN, USA)E %13}
gto] SAEATH

Fa
AE 6 ~ 8 F A7E FErkg2o oo MDA-MB-435 %
o AEF IX10AZ Fst FA3 H, F%o A717F oF 100 -
150 mm® Axo] EgedS W 1x10"Y vpe Ad, Ad-PEG,
%

Ad-PEG-HERY} &4 W1%7<¢ PBSE ztz; ma| Ao o]E7F 3
3 T3 T Fofol AAS #HAEATE T A7IE caliperEs
o] &3t T4 HAFI dExS FSAHI} F g e FHo=

N

N&39 Ty Tumor size(mm’ =(H= mm)? X F= mm X 0.523 &

o] &AH = Mann-Whitney testE o] -&3}31 ).

11. SAAT
Azt ofdlwmnlol g 29 544 K7 984 BALB/c w5229
me Ao PBS, Ad, Ad-PEG, Ad-PEG-HER Z+Z+& 1x10"vp&E
FAFEFA T, FAF 39 3 StopA oA HES A FH s A EE
T serum= 7 3 H aspartate aminotransferase (AST)%}

alanine aminotransferase (ALT), T-bilirubin 28] 3L creatinine 4~
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m. 23}

1. PEGylation*] 9] cross linker 59 &% v fF7]8w<l
DMSO9] 44 sx=9 24
Cross linker2 DSP AF§-A] D3 DMSO9 w28 AA37] 4
3l DMSO9] 5= mE Ad-AE1/GFP9 GFP ZHdA %=
%Ath Fig. 2014 & = %] 30% ©1/d2 DMSO & XZolAE ofd|
= oHbo]g 20 AT WojA s S AT F
DMSO F&ZolA HZo offxntolgis SAEE HIOY
Ad-PEG-HER A& 33 Fo]x ¢ Herceptin®lt} adenovirus9)
g oo kA FdFE sl o]Fo FAFANME

10%°] DMSOE A}&3}9th,

[ I =
GFP oA 22,

B0 % OMS0 + Ac % 100 LIZ5IN (5 X 11#)

Fig. 2 Effects of DMSO on adenovirus infection; increased concentration
of DMSO shows clearly enhanced transduction efficacy until 30% of
DMSO concentration. However, concerns about the potential hazard of
DMSO on protein such as adenovirus or Herceptin made the

concentration of DMSO limited to 10%.

15



2. PEGylation ol A}&% = cross linker o] W& FAx A4
a8 H
Cross linker24 DTSSP ¢} DSPE 1:10° molar ratio® AM&&}
nom AFHoR FAA AG a&& Hix Agg FACS &4
& #7188 AHEskE DSP7E A2 FZolA = DTSSPO H &)
PEGylation &&°] £5< I4J% + AAH(Fig. 3). stA|=F, DSP
£ o83 PEGylaitonAl 7]-&ml¢l DMSOE Ah&afiof st
o8 Qi FFo] AP FEAGoNA wgE dod

DTSSPE AFg3to] PEGylationS 283kt

¥
or e

ﬂl

H MDA-MB-231 MDA-MB-435 U251N

GFP expression level [26)
s Z

Ad PTG Ad PTG Ad FIG Aud BTG

Ad MPTI'- MG A4 PIG Ad BTG
L R L L

KAPTG KAPIG KEPIG AdFTG #d ﬁ
s 2f (S 3 QESFE] (U5 B (ISP 10

A E
(S 2 (I ) (S 6 (U8 s 1

Crossdinker DSP

GFP expression level [35)
z

B RAPEG AOPEG ROPEG AP
MTEP H{TSR DTSR SNTSR

Al ROPEG REPEG MUPEC B
(DTSR ZBTER 4 (DTSR 6 TSP § 0

Fig. 3 Transduction efficiencies of PEGylated Ad with different
cross-linkers (DSP, DTSSP) along with different concentrations; GFP
expression was decreased significantly with the DSP cross linker than
with the DTSSP, which means DSP via the solvent of DMSO shows better
PEGylation efficacy than DTSSP.
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3. Ad-PEG-HER conjugate ¢] A4 &4

A ZE Ad-PEG-HER®] A4L4 < #siA FPLC ¥ &
Ad-PEG, Ad-PEG-HER ZtZ}& DLSE Al &ate] sizeE FA 4
7} Fig. 4. &2 size distribution® Xt 1 A3 A & T
2730l °F 100 nm AERO Adel Hl#|A] Ad-PEG7F © il %
Ad-PEG-HER7} 7} 27 o] AA ofd|x=nfo]l 220l PEGylation
2 Herceptino] &0 24 7|7} 719 Aoz 3l ),

W3Sk Ternary structureE A|Zd oz g21517] Y& goldE ©]
g3kl ¥bSAIZL & AlgE TEM Image’d, Fig. 5014 B0l Ad,
Ad-PEG, Ad-PEG-HER Afeloll A= M=3tel] Zpol& F&E3H7] ©
H ot aA|9k, Herceptinoll gl antibody©l goldE& &4 WA
Au-Ad-PEG-HER®] TEM ImageE &34 Ad-PEG-HER® 3%k
TZ7F A HENTs FAE 5 AAgT

EIDD
[ Ad-PEG
=
€ l
g o0 Ad —| !
E i —— Ad-PEG-HER
O N
& 60 H
: i)
c i
£ a0 1y
g ; :; |
[T} HEH
20 1 I ';:
R
|
D 1 : I T \ T
1 10 100 1000 10000
SZE(nm)

Fig. 4 Determination of average size of the three particles; Even though
three particles (Ad, Ad-PEG, Ad-PEG-HER) shows similar sizes on DLS
examination around 100 nm, it shows a tendency to be larger in size as
Ad is conjugated to PEG and to be largest in Ad-PEG-HER.
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TEM image

Adenovirus
(2007/3/2)

a) Adonly b) Ad-PEG ¢) Ad-PEG-Her d) Ad-PEG-Her / Gold conjugates

Fig. 5 Transmission Electron Microscopy (TEM) images of (a) Ad, (b)
Ad-PEG, (c) Ad-PEG-HER and (d) Ad-PEG-HER-Au

4. Ad, Ad-PEG, Ad-PEG-HER Hlo]gi=9] AZW d4=9 &
& vl

HERZ2/neu’} 3@ d AEFo)H Ad-PEG-HER7} PEGylationol
ofsf A ofdmubolz o] AEY FHAEY EES Herceptin
o] 9]& retargetingg B3l MAY 5 J=AE Rz £ HAPS
AgPsrdet. 2 A3 ZE A EFNA Ad-PEGE Ad Bttt #4d
Fd =dE&S HYn HER2/neu ¥#Ed A EFQ NIH3T6.7,
MDA-MB-435, MDA-MB-231 AXFo|AE Ad-PEGO] H]&|A
Ad-PEG-HER7} ¢ 12 Fd =S B ¥ HERZ2/neu’} 2d
H7 @& NIH3T3 AEFoAE= Ad-PEGel Hl&] & AFolE& Kol

A Bee & T U (Fig. 6).

18



Ad Ad-PEG Ad-PEG-HER

NIH 3T6.7 {1X105)

MDA{VIE-435 (2X10%

MDAJVB-231 (5X104

NIH 3T3 (1X10%

Fig. 6 Fluorescence microscope images of cells followed by the incubation
with Ad, Ad-PEG and Ad-PEG-HER in HERZ2 positive cell lines (NIH 3T6.7,
MDA-MB-435, MDA-MB-231) and HER2 negative cell line (NIH 3T3). In
HER?2 positive cell lines, the addition of Herceptin to Ad—PEG overcomes
the decreased GFP expression attributed to the addition of PEG to

adenovirus while in HER2 negative cell lines, it does not.

5. HAI7Vs otdlinte]HAE ol g3 HAddE Ad-PEG-HER?|
TH AT A 529 Ha AF
EA7Fs obtlx Hlo]#{ 29 Ad-mTERT-A19-Relaxin® ©o]&
ate] Ad-PEG-HERE #1%g & HER2/neu ¥ AlxFof 24
HA e AEFNAM S A7 blolgl 290 A E4d5E MTT assay
£ o]&3te] mluEtt. 1 A3 HER2/neu IFEdA A EFo|ME=
Ad-mTERT-A19-Relaxinol H]3& Ad-mTERT-A19-Relaxin-PEG
= PEGylation®l| 9J&lA ZA"E AEXANTS g
Heceptin®] conjugation ¥ Ad-PEG-HER®|A+= Ad-mTERT-A

19-Relaxin®l WA E E3A] X3t AxAALFS HolA|uk

Ir

=
T AN
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Ad-mTERT-A19-Relaxin-PEG ol wH]&] AA o= Z71d AE
Ades RYE FAsn), AT HER2/ neus 2dIA &
A EFQ U251IN oA = Aolg AT F Ak (Fig. 7)
120 T6.7 MDA-ME-435
g . I H ,
: ZHiN } Il -nm
i 00 __ MDA-MB-231 ! UZ81N
B0 ?7
o | 4.0 (1] A.0.m.

?ﬂ mai El:l [ 1-1 10 mai 20 mai
HC Al Ad-PEG Ad-PEG-HER Ad AdPEG 8 PEGHER NC Ad AdPEGAdPEGHER  Ad AJPEGAdPEGHER
Traatmant Groups

Fig. 7 MTT assay of the Ad, Ad-PEG, and Ad-PEG-HER using Ad as a
replication competent adenovirus (Ad-mTERT-A19-Relaxin) in cell lines
of HER2 expressing (T76.7, MDA-MB-435, MDA-MB-231) and HER2
negative (U251). In HER2 positive cell lines (T 6.7 and MDA-MB-231),
Ad-PEG-HER shows an increased cytotoxicity than Ad-PEG, however,

there was no significant difference between them in U251 cell line.

6. Her2/neu P AMEFo|4 9] Ad-PEG-HER 9] #974= A%

Ad-PEG-HER®] Z+d HA=RE Z23dl7] 9359 w]g] Herceptin
FAE AAAE & MDA-MB-435 AlZFo|AE Ad-PEG-HER?]
AEZFo] ez YA Tt Herceptin AAAE A ¢
MDA-MB-435 MEZFo|A = Ad-PEG-HERT PEGylatino] <]
ahd 3l 298 7 A1FEES Hold Ad-PEG-HERE Her2/neu

o

= ---H
8 AHEHNe Aoz F4dn (Fig. 8).

i
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Ad-PEG Ad-PEG-HER

No-treated
Herceptin Ab

Fre-treated
Herceptin Ab ==j»
(200 pg)

Fig. 8 Comparisons of Ad—PEG-HER transduction efficiency in HER2
positive cell line (MDA-MB-435) with/without pretreated Herceptin
(competition assay). Ad-PEG-HER showed decreased GFP expression in
MDA-MB-435 cells where Herceptin monoclonal antibody had been
treated before, indicating HER2/neu was a target at which Ad-PEG-HER

acted.

7. Ad, Ad-PEG, Ad-PEG-HER ¢] Pharmacokinetics

Ad, Ad-PEG, ¥ Ad-PEG-HER Z}7Z}9] o}d|=nfolzf 2~ 1x10'
vpE BALB/c v}$-2292] mg] Awo] FAL 3 ol wlof Al 100 ul
o] A¥S 0.5. 10, 20, 30, 40 283 60%ol Z7 AAS ¥ PCR
S o] &3t =AH3 dF viral genomes Fig. 9 ¢ #Ut}h Ade

10Eo14 1.8%10° vp/mL AE Ao} Ad-PEG-HERE 1089
110" vp/mLo] A&H o] Ad-PEG-HER®] 7% Adoll ®]&te] <k 5
W AER Fe otdlmutolgls EF AUFE BT sHAT, FA
T 208FEHE Ad 1821 Ad-PEG-HER o}d|=nrlo] ] 29] 97E
Holx ¢kokt}. oo M| Ad-PEGE 40E7HA d5olA ol
Hlolg] 2~7F WA= 2AS Bt
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W Ad Ad.PFRG A4 PFGHFR

Treatment Groups
Fig. 9 Pharmacokinetics of Ad, Ad-PEG and Ad-PEG-HER in BALB/c

mice shows increased circulation time of Ad-PEG-HER compared to that
of Ad.

8. IL-6% F3} &Alo 54 Az}

0%

ARl A z+zte] Ad, Ad-PEG, Ad-PEG-HER9] @@= Wdn$
°of AxE Ay A8 FHIGA L IL-65 AU 7

i 21
Zko] ofdwmulol g 22 FAF 3AITF FHE] Hd] 48413 F74A] 7 A
2l 8 IL-69 e Fig. 109 Zskth 3A1bAle] 7 Ad,

Ad-PEG, Ad-PEG-HER®] IL-6+ 16, 11, 13 pg/mlZ FAHF 2Hed
AEE Bt ey vlolg s Fof & 6A7AS] Adol IL-69]
TEE 08 Fo 2FEC HlEA 411lpg/mLE H2 Edol
ZE AL Aol AGFE FaEs o] #FHAT whHo|
Ad-PEGIAE 5 Algttholl  14pg/mLol9la  Ad-PEG-HERE
77pg/mLE Adel HlslA FEd] e AAS B T o]F 9] A
A= Hle AFS HATh
ott|iulolel 2~ A7 F YHE FFA AEE IRl 9
8] Z+ obdl:=ulo]lE 2 (Ad, Ad-PEG, Ad-PEG-HER)9l 2l fxd

e o
O{Nl-

r
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anti-serum¥ Ad-AE1/GFPE U343 AXF 3}

glstlet. ZHzhol ofdimutol g o] et T3¢ A 7 EFEserum
S XA WE Ad-AE1/GFPO GFPEd AEE

= Fig. 113 Zgth. 2 A3} AdollA ¥o]d anti-serums Ad-A
E1/GFPE <13t GFP 2& S anti-serum sXo B &3] 7HAA
AA R Ad-PEG$} Ad-PEG-HEROIAM = o]213 GFP #de] Za
golgd = glojA Ad-PEGS Ad-PEG-HEROIAME F39A7}
| BAENES PR IAT F ATt olE AFHo=
Qlekazt Al GFP FACSE Hls:d Axks ®miivh 7 A7
5] F 1:5 H]&9] anti-serum< H7F3F 49, AdolA = 9800 H
15 A7 Ad-PEGolA & 18,000, Ad-PEG-HEROIA &
27,0008 =7 weo] A or FIFAE AA BIHAT=

i lon b
O]

O O — -
450
03
400 } m6
3 30} 212
£ [ 24
a 300¢p m 48
5§ 250}
1]
8 200}
o
s 150}
©
4 100}
B ; 1.
NC Ad Ad-PEG Ad-PEG-HER

Treatment groups

Fig. 10 Comparison of serum IL-6 concentration among Ad, Ad-PEG
and Ad-PEG-HER shows decreased IL-6 production in Ad-PEG-HER
treated mice than in Ad administered mice at 6, 12, 24 and 48 hours.
However, there was little difference in IL-6 production at 3 hours after
each agent (Ad, Ad-PEG, Ad-PEG-HER) had been administered.
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MNC (no uiru} AdPEG-HER

(A)

Anti-Ad sarum g
1:5

Anti.Ad serum S
110

Anti-Ad serum
1:30

(B) 70000

50000

30000
20000

GFP expression level (mean)

10000

15 1:10 1:10 1:5 1:10 1:30 L B ;. 1:5 130 AntiAd senm
NG (no virus) Ad Ad-PEG Ad-PEG-HER
Treatment groups

Fig. 11 Ad-PEG and Ad-PEG-HER show increased GFP expression
compared to Ad after treating with anti—Ad-PEG, anti—~Ad-PEG-HER and
anti—Ad-serum, respectively, indicating less production of neutralizing
antibody provoked by Ad-PEG and Ad-PEG-HER.

9. AW & TF &t
PBS Z18]3 Ad, Ad-PEG, Ad-PEG-HER 1x10"vp& °]& 744
o= 7k Futr 6viel o] FEvke-so] aE Aol 338 FAFeRS
ot FFELE 3697HA BFF viEE PBS 1655.7 mm’, Ad
1616.3 mm’, Ad-PEG 1440.5 mm’, =23 Ad-PEG-HERE
1152.6 mm®, 2712 Bttt Ad-PEG-HER7} In vivo 4 714 &
FTHENTT F2 AFS AL AT Fig. 12). AR o=

EAgH o7 FolstA &dtt (P value > 0.05)
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Fig. 12 In vivo anti—tumor efficacy of Ad—-PEG-HER through tail-vein
injection was compared with PBS, Ad, and Ad-PEG-HER. Even though
Ad-PEG-HER shows a better in vivo activity than the other controls, it

was not statistically significant.

Ad, Ad-PEG, 18]1 Ad-PEG-HERE BALB/c mice?] 7z
Fo 3 HAsE AST, ALT, T-bilirubin, creatinine®]+= oJ® #H}o|Z A%

AelebA] @2tz HaiM Foldk 2ol S KolA W3dtt (Fig. 13).

200 06
180 mast
160 0
140 04
120
100 £ 03
80
50 02
40 0.1
20
0 [}
NC Ad

Ad-PEG Ad-PEG-HER NC Ad Ad-PEG Ad-PEG-HER

UnitiL.
Creatin (mgidL)

0.035

0.03

0.025

0.02

0.015

T-bilirubin {mg/dL)

0.01
0.005

[}
NC Ad Ad-PEG Ad-PEG-HER

Treatment groups

Fig. 13 Compared to Ad and Ad-PEG, Ad-PEG-HER did not increase

liver and renal toxicities.
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a1, oftnlolgl Ay FIe AU £EsHA ¥ AE BT A3
2 452 FAAE AGT F oW, insertional mutagenesis 7Hs
dol glow nio]lgf 2 biologyZt 2 &elA 7] wiEoltt. shA|RE,
ol &7stal oftirtolg 25 o] &3 FHA A=F

AAAA 7HE Z GdHEL oldwntolgize {FHAE M Y=
capsid protein ©] &3t innate immune response® FETTI=
Aot} Tk ddk AlEL2 HE adenovirus serotype 5ol t3gh
neutralizing antibody”} §lojAl WHEF o7 ofgfrp= Holth E3h
oldlimnfol Y 2e tF-E MEWRe ol ME EWO| coxsackie
and adenovirus receptor(CAR) 18] 3L alpha v intergrins& ‘&3l A]
dojrp=tl olgdt &A= GAE Q= B uE HHAAEE
o EEAH L oj EFAE HojHom FHz Ago] oHH
= FoltP'™ olgjdt dHES FEsuA s AIEZ ORiordan.
5& PEGylation®] #84& 3k v} Qoh”. PEGE W= FDAC
A s, A oekEelA ARgol 371 o] dA PEG-interleukin-2,
PEG-alpha interferon 52 A= AA] dAto|A AFg Folgo1,

old] :=nfo] 2] 2~ 2] PEGylationo&= ¥ & 2] lysine residue’}
2 target ©] F+=d o] cross linker7} Q3 E AFol=
DSP¢} DTSSPE ol &3k3ltt. HFTHOo 2= DTSSPE  AHE-31o]
Ad-PEG-HERE AlZow DSPE AF&3t7] 91g DMSO 5% ZA
Al DMSO®] s%kol Hl&#eto] ofdimnfole] 2 FAA A& 7&0]
woHE S A F AT E ATolAE 30%2] DMSO®A]
obdl:utol# 290 FHA AY d&o] 7P ERARE DMSO9
potential cytotoxicity® &3t 10%2] F=E5 o] &3t 1
1 DMSO7} otdlmntelgf 2o e FXets 711 dAA7A
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Hgts e u}} NAA FF DMSOS} A A @adol o
s

ATAEL  ternary structuregl Ad-PEG-HER A1z 2
Validation% Al#Ysle] Hargtul TPl ol AFe e ThE AX
5 (NIH 3T6.7, MDA-MB-435, MDA-MB-231, NIH 3T3)& ©]&
o}oq Ad, Ad-PEG¥ Ad-PEG-HER®] AlXd] #F32 34 =9 &
& 2 MTT Assaye ©o|&3 Ax544EE 8gsto] vlugt 47

Ad-PEGH.Th= HER2/neu Hd AZFE0)A #2384 Ad-PEG-HER
7} /HIELH T4 4 29E ST AZAY AT E E9S
& & AATh Ad-PEG-HER9] 71%1%_ /ﬂ]i “”Eﬂr EL %ix}
o
AEo] AAA T Ad-PEG-HERE FI3}= competition assay S
23} Herceptin 59 & Ad-PEG-HERY &z &d4d =
F&o] AAF gares soste] AEEHEe HER2/neuZ wi=
dte] Ad-PEG-HER®] o] o]Fojds &g & Atk 23ut
NIH3T6.7 AEF= MDA231° Hla] 24 ¥ HER2/neus 2Ae
ol&= &3t Ad-PEG-HER®] °]3 GFPEAE=qe] @ 235 B
o]a1 Ql=d], o]= NIH 3T6.7¢] murine cell lineo.& dHtH o7
murine cell line2 old=nH}o]# 2 transductiono] 7Hd &
CAR expressiono] S Zoz dHA glo] o]y Hol Au
2 92 Azl 4 =90 dF= vHs slojgta Addn
oft|mnfol 2 25 F A T%‘/\] W7 2% ool tiRE
A

o] Fol ol aes FA] o FHHE Aoz A

E}_ZS' 1
2} Ad-PEG?] EFAAE&LS oldlnlolg] A2 FAGE 790
Hlgll  1/48 A3 EF in vivoolA  olulicHlolYAE
PEGylationdls AE7F La8td 2 Az A9 gdo] Zrle=

Aoz Hi Ha 9t} = oldlxnlo]d 2 capsid protein® 90%
7} PEGylation®o] W 12 Agda o] GAEAA 35u8] 73t
I el A AAFE HE2 vrolgdo]l Busa uF. EF ofd|x
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nlo]l# 2o 3l innate immune responses H7| & A3
BALB/c vhg-2=of ofdlicutolgi s FAF & 5AT IF IL-6%
Ad-PEG®] 7% PEGylation 8#] %= Adell W&l 30% A:=o] %
2 IL-65 AAste Aoz ddA4 Ao s oA Jdd
Ad-PEGx £4 Alxole] Aad el ol &A1l Ut o]

E FEs7] Y3t "HetozE= Ad-PEGO|  peptides, protein,
antibodies5 2] & Eo0]4 ligandE H-&sl= ol A45H 1
o} ol gk A& Fol= RGD, fibroblast growth factor-2%& ©]&
3t Ad-PEG-ligandell #3& AFR17F Job * Eto 52 CAR %
7ok #AGel RGD-PEG-AdE PEG-Adel H|s|A 2008 7}
7kol XJX} A G&o] =58 HustP. B AFoe 44
Hhol g A2 & 4# A monoclonal antibody¢l Herceptin
Aolx EA=R  o]g3}9tt.  Herceptinge Ky=0.1nM=Z
HERZ2/neu®l| high affinityE Hole ©EE AR o|n] AEF,
xenograft model &3l el A o] f&Ade] # deix Ao’ o
2hA, B A5 HER2/neugs XAHOE 3 Ad-PEG-HERS
ternary structure® ©|&3%F X9 pharmacokinetics I3l in
vivo dTolt) ey AdE HY 2F0] dhr)gta ¢Ed Ad
o B3] circulation time ©] =7}d Ao Z Holtl = Ad 5o &
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Abstract

Development of HERZ2-targeted and
Systemically Applicable Adenovirus

Joohyuk Sohn

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Joo—-Hang Kim)

HER2/neu is 1 of the 4 known epidermal growth factor
receptors and 1s known to be overexpressed in 20-30 % of
breast cancer patients, indicating poor prognosis. New drugs
are being developed targeting HERZ2/neu, and Herceptin
(Trastuzumab) is regarded as a representative one at
present.

The most well-known obstacle for an adenovirus to be
developed as an anticancer drug i1s the limitation to be
delivered systemically because of the in vivo immune
response. Recently, conjugation of polyethylene glycol
(PEG) to the adenovirus (PEGylation) showed increased
circulation time in mice, indicating the possibility of systemic
administration of the adenovirus as an anticancer therapeutic.
However, PEGylation resulted in decreased viral delivery

into the cell because of PEG which 1s coating the virus
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outside could prevent the viral contact with the receptors in
cell. The current study aimed to increase the systemic viral
delivery of this PEGylated adenovirus through by making a
ternary structure with Herceptin (trastuzumab) in HER2
positive breast cancer. We used Ad—-mTERT-A19-Relaxin
as a backbone adenovirus that was developed in our
laboratory. It was designed to enhance target specificity
using the TERT promoter and increase cellular apoptosis and
viral spread through the deletion of the E1B19 gene and the
addition of the Relaxin gene in the E3 region. The backbone
virus was conjugated with PEG (Ad-PEG) using either
dithiobis  (succinimidyl-propionate) DSP or dithiobis
(sulfosuccinimidyl-propionate) DTSSP as a cross-linker in
water or DMSO followed by binding to Herceptin with the
cross—linker of 1-Ethyl-3-(3-dimethyl-aminopropyl)—carbodiimide
(EDC)/N-hydroxysuccinimide(NHS), resulting in a ternary
structure named Ad-PEG-HER. The mixtures of the
adenovirus only, Ad-PEG, and Ad-PEG-HER were
segregated respectively using FPLC. The size of each
product was measured using DLS (Zeta-poetntial Analyzer,
Photal, Otsuka, Japan) and showed particles of around 100
nm in size. The size was larger in Ad—-PEG-HER, Ad-PEG,
and adenovirus only in that sequence. In terms of GFP
expression, Ad-PEG showed decreased gene expression
compared to Ad but Ad-PEG-HER showed enhanced GFP
expression in HERZ positive cell lines such as NIH 3T6.7,
MDA-MB-435, and MDA-MB-231. In MTT assay, Ad—-PEG-
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HER overcame the decreased cytotoxicity of Ad-PEG
because of PEGylation. In order to confirm that this effect
was mediated through HERZ, competition assay was done
and showed that Herceptin pretreatment led to decreased
GFP expression with Ad-PEG-HER. In a pharmacokinetic
study in BALB/c mice, Ad-PEG-HER showed slightly
increased circulation time compared to Ad. Analysis of
immune response after Ad-PEG-HER treatment showed
decreased production of IL-6 and neutralizing antibody. In
nude mouse xenograft model, Ad-PEG-HER showed
enhanced antitumor acitvity compared to Ad and Ad-PEG
when injected systemically but it was not statistically
significant. In conclusion, Ad—-PEG-HER seems to be a
promising therapeutic in HERZ positive breast cancer but
further preclinical and clinical studies are needed to explore

1ts potential.

Key Words: Adenovirus, HER2, PEG, Herceptin,

Cancer gene therapy
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