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Aol txgel tiste] =od W 7HF F83HA thFolAef 3
= ZAYAE 7k, S - jHez WE 9] germ-line
transmission 7}5gl g PR R = wHgk Aot 4,
10, 15, 18, 19, 20). 3], WA @ AP} o] X273
i ko] XEE 9siA A BV vleld2E FYshe
G FHE nlolE 27t germ cell2 AEE 7L g &
S17] wiZFel] RARE-S do A tial] B =07} o) F
oA k1, 5, 6, 7, 12, 13). TA T)3RR2] Il A= AP
AIE Qe =407 FAAE Hdshe AL HIEEF<] 2o
2 kAL Al AF germ cello]u HiAER O] XS A%
(utero gene therapy)= H1]E=22] WH3P7| 2l ol Al Fgk2- H]
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of 2lF o) EetdA TEARAIA WellA 9 71zt 5 <=3}
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W71 AR AE /ARSI
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Human embryonic kidney cell lineQ] 293 cell> 10% fetal
bovine serumS X38H= DMEM mediaZ ©]-83F9 CO, Ml
71914 wjFate] nlole =g S 7=t ARS8l

p53 ¥ p-gal FTXA LH #E{9 HZE R off|Hiol2{A
Ak

1.8 kbpe] human p53 cDNAE- pShuttle-CMVpAS] multiple
cloning region®] Bglll site] A9AIA pShuttle-CMV-p53-S T+
E30). pShuttle-CMV-p53 (22 pShuttle-CMV-B-gal)2} o}e =
vlo]# 2~ WE pIM17S vFol#| 2~ Ak AEFQ] 293 celldl]
calcium phosphate methodZ co-transfectionA] ] plaques®] 43
= 2 ufAE 1x10-1x107712] GAEE 543k 293 cell
o] vjFZE21 96 well platedl] ZFz: 1 pl¥ Z-GA1Z T}, Replication-
competent adenovirus (RCAY’} §I& ulo]gi~E HdEs)ly] 95t
o single plague’} F3E well®] HlR|o] tj3}] RCA assay
(replication-competent adenovirus assay)ES AA|3F & XM=
well®] HIAE 150 mm culture dishol] BFE21 293 cellol] 7+
A|A oMol g 28 F2l8te] Ad-CMV-p537 Ad-CMV-B-gal
S AT HF5H OS2 CsCl density gradient ultracentrifuga-
tiong Tl FZ ¥ dialysis3le] Hlo|HAE A S 20%
glycerots 3713 -70°Cell B3}t PCRPH O replication-
competent adenovirus (RCA) assayS A3} RCA-negative
clones A E13}153 T}

Hio|2{A F& ¥ &7[E DNA, RNA 22|

o}t =n}o)#] 2 (Ad-CMV-B-gal & Ad-CMV-p53)E ¢ - &
Balb/c FF-20] mlE]R 1x10° PFUS] B2 B2} Yo FAlsh
1, 4,7, 15,30 2 60dA0 FHste] AAHTE E3gF
Q2 A7|E HZ3}] DNeasy tissue kit (Qiagen, USAYS- ©]-&-3}
o] DNAE F2]3}92 1, RNeasy mini kit (Qiagen, USA)S- ©]
£31] RNAE E2]31th

PCR analysis
ZAof| A FZ3F 100 ng®] genomic DNAS} 0.2 pMe] Z4z}9]
primerE ¥3}5li= PCR mixtureES THEUOH, whg UL

95°Col|A] 1583t Wx|3}e] %9 heat activationS LoZ] 3
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94°Cof| A 187} denaturation, 55°COA] 137t annealing, 72°Col|
A 18-7F extensions 132 1], 358] FEAIZ] & WkS- AHE
S 3Q13}7] 3}e] 2% agarose geldll Al A 719%F 3 Uvipro
(Uvutec, Cambridge, UK)S- ]85} AF= B340} o5+
ZAZ A4S ps3 2 B-gakS BR117] 9130 primer sequence™
Z}7} 5-ATGCTGTCCCCGGACGAT-3' (forward)®} 5'-GATGGG
CCTCCGGITCAT-3' (reverse), 5'-CTGCACCATTCGCGITACG-3
(forward)2}F5'-GGAAGGCCAGACGCGAAT-3' (reverse)e, 2]+
AA7E A1 591 e oful|=nto]g s BB E ERI5H] 9l35)
5. TCGTTTCTCAGCAGCTGTTG-3' (forward), 5-CATCTGAAC-
TCAAAAGCGTGG-3' (reverse)E AH8-319I T $HH RCA assay
o] A}L83F B-gal primerts 5-CTGIATGAACGGICTGGICT-3'
(forward)®} 5'-AGTCCGAAAGTGCTA-3' (reverse)®]3l, RCA
assay®] Ela primerZ2+ 5-AGCTGATCGAAGAGGTACTG-3'
(forward)®} 5-GAGTCACAGCTATCCGTAC-3' (reverse)S AR
3hct.

Real-time PCR analysis

Ad-pS3 B Ad-B-gals Fo F 7} 7)ol FFste vlolgls
9] &S =AY A3 primere} probe= Applied Biosystems
(Foster city, CA, USAIA T+43F34tE PCR ¥HE-& p53 & 4
-gal®] 73%- 20 ul &l 20x p53 or B-gal primer/probe 1.0 pl,
2x Taq Man universal master mix 10 pl, 900 nM primer, 240
nM probe, 0.6 pM templateZ E33}e] WHS-A|ZIT}. Probe®= 5
endo| ¥3Z reporter dye$l FAM(6-carboxyfluorescein), 3' end®]l
quencher dye2] nonfluoresceing ARE-3}IT) WHe- 24L& 50°C
oA 2%-7F UNG (Urasil-N-Glycosilase)E E3}A| 7] 95°Cell
A 1087 9X|ste] H%9] Taq activaion 2 UNGS-
deactivationdF &, 95°Col|A] 15%7t denaturation, 60°CoA] 13-
I annealingS 13]2 3] 403] FFHAIFT

Zy Z7)oll Al B2 ZHREE Ad-CMV-p539] o2 gAIsH
AZF olemrlo]d =2 HE p53o] FH-E genomic DNAS #-
gate] FFFAE vhso] AT o E SAT vk
2~9] diploid genome size= F 502] bp (¢F 62.5 ng)o|L, o] AS
wl-2=9] diploidd F 36,000 bpQl Ad-CMV-p53(2F 36,000 bp)
©] 1 copy’} ©F 0448 pgoll SEE= Ae 7IEo=E A3tk
oftimulo]H e FoetA] G vhgxe] HFew ET
genomic DNAE diluent= ARE3F] ZF 1005 0.0001 copy
number (serial 10 dilution) solutionS SH]3}3l exponentiald}A|
PCR ploto] AJZFE= cycle number (CHE 7502 3 ¥
A& skt

In-situ PCR analysis

40pum FAC Z2AE in situ PCR glass (Fisher Scientific,
USAY F2 & xyleneol| 15%-7F waxE A A3k, mounted®
Z21& 37°CoN A 1587} proteinase K (250 pg/ml)= 315153}
Z2d| Hol e &AL JH] LR GFIATE S0l
PCR WH& 892 10x PCR buffer, 40 mM MgCl, 10 Unit
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Taq Polymerase, 200 uM dATP, 200 uM dGTP, 200 uM dCTP,
160 uM dTTP, 40 uM Digoxigenin-11-dUTP, 2% bovine serum
albumin, p532] sense and antisense primer (0.6 uM)S =33+
& slide cover slipeZ YWl jin situ F-E& PCR system (MIJ
Research, Watertown, MA, USA)9|A] 95°Col|A] 10%-3F 1|38}
3L 94°CollA] 13, 55°CellA] 13, 72°Cell A 133F 203] SHAIA
o,

Digoxigenin®] ¥A]H 5% PCR 2H2-2 alkaline phosphate anti-
digoxigenin (1:200)2-2 37°Co|A] 2417t WES-A]7]3L nitroblue tetra-
zolium¥}  5-bromo-4-chloro-3-indophosphatase (NBT/BCIP, Boeringer
Manheim, Germany)Z HAA]A 1T SAHANEE Taq
polymerase &=+= probe”} Ao E AL ARE-31iT]

Germ-line transmission study

Germ-line transmission studyS- ¢J5l4] Balb/lc &+ 4= V925
v d 1x10° PFUS] 52 247} suhe]e] mbe- 55 9 57
BAE Hrhsl] ovary E rete testistholl 2 FARE 3 T4
EUI F A2 209A, AL 259A] == amiAA o
=2 o} 2X(vaginal plug)e] R1H AZE A4l 0L=E 813
ok A4l 12970 rR-28] AbgE AEste] Fig PBSTF ©
20 petri dishol] &31 &, vjA= Ao eppendorf tubeol] Eol
homogenization A]Z] ¥, DNeasy tissue kit (Qiagen, USA)S ©]
83te] DNAS #-2]3l9ich

2 3

p53 ¥ LacZ REAL Wa HESl M= ¥ Off|Hlo|2{A
M

GAE g 3 AA Bt de AHoE IR ps3e
W sl= oftlmrlo]g g THEY] 9151 pShuttle-CMV-p53E
ofr=ntole) 2 HIE] pjM173 Al upolelz ALk Al EFQ
293 cellol] co-transfection*]#] multiple virus cloneS AATF. A
%3} ojt)|imrlo] ] AE Hlo]# 9] replication®] 7153+ packag-

ing cell line?] 293 celldll transfectionX] A in vivo 28-S 93+

Ad-CMV-p53

293 genomic DNA  p33 virus particle

Ela Ad Ela Ad pS3

860
623

olenloleis HEle] RE B AN Ae] B AT 153

T FY npolH A AAEIATE BA| 7l vlolels EA)
55 ZABH7] 9181 replication-competent adenovirus (RCA)
assayS AAISE A3 Ad-CMV-p53 L Ad-CMV-B-galoll sl
replication T#H F-AAR Ela7} AEFA &S A9
(Fig. 1).

Plaque-formation assayS A3} Ad-CMV-p53 2 Ad-CMV-
B-galoll thall Z+zt 1.31x10° PFU/L, 6.78x10° PFU/RIS] titerS
A7 ATt

(3

Biodistribution study

AZ3}r oldlznlolg 2ol 3k in vivo biodistribution studyS-
18k & - 4= Balb/e PF-2=0l 1x10° PFUS] ‘=2 Ad-CMV--
gal T2 Ad-CMV-p53S 873 o] FA18E & 1, 4, 7, 15, 30
g e0dAel 2+ 715 AHEAh o] 713F F ofulenlol 2
E FAE oujgt FEAAE TS A 54 e
22 erskth AATE T3 72 A7)0l ofd|nte]H
2 f1el9] DNA A& % RNA &d 9H-E PCRY RT-PCRZ
217} ERISHATE Ad-CMV-ps3S Foigh 49, o - v &
T Fo & 1o 4A7LA = testis, epididymis, ovary =
uterus 5 AAAA7E EFst] FQ AVl p53 DNAZF HE
HA. 30dA = liver, spleens |23+ 22170 = PCR
signal®] 3} 748 60L Aol = signale] =8 F7[dM%= Y
EfLEA] 4SkTh(Fig. 2).

$HH, GAPDH DNA®] ti$k PCR #4] Zyl= BE AlFA
FYsH AR AESHAJAGEIE m]AA).

At el wE o] A o] AU 2ALSE
2} olelznfol#] 2 HWEQ] primerZ PCR3F 23} Fof 3 thA]
oAE BE A7]A HdEE ZoE dEElom Ay,
Zr, APES AlQg B A A 3094 o]Fell= HEEA] o
= Ao FRIEAKFig. 3).

U202 ARSEE Ad-CMV-B-gal®] 7%, 7 vlg-29] A
A7) gk gl Ragke] k3 signalS A 9)stale ps3€]
PCR AT} FYUS 225 RATK(Fig. 4). ¥FH, PBSE FAKH
izt FEOAE oW AZV]ME signalo] VERFA] ATHAL

[0
K

Ad-CMV-LacZ

293 genomic DNA  LacZvirus particle

Ela Ad Ela Ad LacZ

500

Fig. 1. Analysis of replication competent adenovirus by PCR after propagation of Ad-CMV-p53 and Ad-CMV-3-gal.
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Fig. 2. PCR and RT-PCR analysis of Ad-CMV-p53 (1x10° PFU) in
male and female mouse tissues after IP injection.

g wAA]). 34, RT-PCR A¥= A7) ¥ 2 Yelhd PCR 4
7o} U3 B-gale] RNA L& o] 15T},

f1o] A#=2 vjFof oldieulol| X WEE B2 Fofshd Tt
HIZ 2 e} 22 gl AY)ME Y3 fRFHA) AE
52 s, 18k Ragk A, A9, B 2 A 59
ARZ7NNNE DA 717 S AF-FAApE diEe o=
Hol o2 At Agd 7FsAdo] AS ASRE o dE).

Real-time PCR study

Real-time PCRZ Fo] & 7] Yol 2k53k= p53 2 B-gal®]
cDNAY2 Z} copy numberA] exponentiald}#] PCR 425 &
ZJ3}= threshold cycle number (CH)E 7] S.E 3 standard
curveE YHE0| 43151

Ct value= target cDNAGO] HH|E| 2 A& X (log scale)> =
Z7tel B A Z049] real-time PCR assay2] detection
limitS 2F 0.0001 copy number® WEFTHFig, 5A). Fo ¥
ofpdl|=nto2] 2 B o] FXE = oftlimnto] 0] ARFZQ liver
tropism¥} FX|3FH HlwA HIFGo|E x]&A o2 UERGIL Qi
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Male Female

RS 3 G
M- gQ\&“x@f&w“%bﬁg&W&&e‘ R

Fig. 3. PCR analysis of Ad-CMV-p53 backbone biodistribution in
various tissues after IP injection. Biodistribution analysis of Ad-
CMV-p53 by PCR in various tissues after IP injection.
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Fig. 4. PCR and RT-PCR analysis of Ad-CMV-B-gal (1x10° PFU) in
male and female mouse tissues after IP injection.
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ofeliculolelse] WS A3t SEA o 7hawER 60l
= EE A7)0A #EEA] % ThFig. 5B and C).

In-situ PCR study

JAl ZF A7)0 A PCR ®E RT-PCR signalo] ZFA= W
EA3l QI R-F-RAR) TS A2 ADE= germ cellol] #-335}
£ 2204 oY gom cello] obd 44471E P 71 9)

@) e

40 | y =-3.4988x +23.8286

R2=0.9945
35 4

30 4

25 4

Cycle threshold(Ct)

20 4

le-5 le-4 le-3 le-2 le-1 let+0 letl le+t2  le+3

Copy number

(B)

0.30 q

[ Liver
0.25 I Spleen
7] Uterus
B2 Ovary

0.15

Copy number

0.05

s

Day 1 Day 4 Day 7 Day 15 Day 30

Days after administration

©

0.20 7
[ Liver
N Spleen
(272 Testis
B2 Epididymis
0.15 4 E=3 S.Vesicle
(T Prostate

0.10 4

Copy number

0.05 4

Day 15 Day 30

0.00

Day 4 Day 7

Days after administration

Fig. 5. (A) Standard curve of serial 10 fold dilution of p53 cDNA
from 100 to 0.0001 copy number. The PCR cycle at which the
fluorescent signal crossing baseline is considered to be the threshold
cycle (Ct), plotted on the y axis. (B) and (C) are quantification and
distribution analysis of p53 in male and female mouse tissues after 1P
injected Ad-CMV-p53, respectively (n=4)

opellieniolef X B o] X gl A el udk A 155

e cellEd #X3F ZAJAE gRlsh= AFo] dashy 53],
2 ) W A7 Folshe el AAAER WEPL W

=4 W= A Tefslok B

B 3o = AW>]A E(spermatocyte and oocyte), Sertoli cell,
Leydig cells 22} #2]3te] 4981314} A=l oy 7]&4o
Z F$ A2 purity 59 EAIF] o] 7P Mizks 4
WY F9] e in-sitn PCRS o] 88Tt A 21470l A 9]
p53 DNAS] EX X & 493 A}, 3.8kof| A A2 tubule W]
ol ofdliznlolg 2~ WEZ} AYER] gdon T2 PR
Al PCR ¥4 §F&o] #EHATE Ovaryd A= ofdi=nfo]e]
HE= follicletle] oocyteol] AEEA] 31 stromal tissueol] &=

Ashs Aoz ER151HFig. 6).

Germ-line transmission study

AgA oz ofmploledat AME] AT F Aol
AAEA e Alem dA glon(14), FEAH FAZ 2
AR O Aldlell daE=AE FRls] 98] Ad-
CMV-B-gal && Ad-CMV-p532 Balb/c v}-$220] vhg] o 1x
10°PFUS] 522 S} - 4 217} sehelo] 1 9 Wik v 13
FARE & L 2194, AL 2594 He E WA H
Pl 129419] viAlol ] DNAZS #2]3t] p53 2 B-gal DNA2]
M oJ5E AT A7) A B A7)E ke o
7] FAr e 7o) AR 7IRE aeste] 2
2 A3}, Fig. 79 et AXE o] g ujzlell M= FEA ol
233t Ad-CMV-B-gal -2 Ad-CMV-p53°] 3k DNAE 7=
A it

_i" '- .' By

Fig. 6. In-situ PCR analysis in gonad tissues. Dark dots by arrow [(B)
testis and (D) ovary] indicate the localization of Ad-CMV-p53 DNA
by in-situ PCR. No reaction were shown in control [(A) testis and (C)

ovary].
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LN ¥

e

Inject AD - CMV - p53 virus (1x10° PFU)

Intratestis, intraovary into Balb/C

25 day\ /21 days

Mating

l

Gestation Day 12, Embryo

l

PCR

1 2 3 4

M p53 Ad—CMV-p53

Fig. 7. Germ-line transmission study. The male and female mated day
25 and day 21 after IP injection of Ad-CMV-p53, respectively (n=5).
Control group received saline. Harvest embryos at day 12 of gestation
and analyzed by PCR. Identify the absence of amplified p53 PCR
products of 623 bp in control and Ad-CMV-p53 lane. The number are
represented experiment number oflitter mates embryo pooled.

o F

@A ofd|mnle]2| S 3T o AR KRR A Ao
e o8 20 Fl9E flo] FxE ke 2 B A2
o wdos FARAEA MHE AL F A3 A2
A s A7t #AAE SEAE 5 e FAARIEA
el ofentolelze] A9 HLd BL oS 45
A e Al e 4 gl e ou Heay
2 A3 LA Aok P - FEA SHlA s dE o
FAS 2k Stk vlolg]2E o] &3 A A9 A
WA S Re) B ARe) BH0 B fHAE A4
AEG BAE Fal BiAtelA deEo] falig S v vt
S730] 7] Wil PSS =g ) 7Y dWsHA theo
Hok sz 2ofol.

old HellM FHAHEAL] AT F in vivo A S
AN T FaaA weselot & AOZ 4] non
target 20 59] A £E Amsh 4400 9] W] FE
(dissemination)°]T}. GuH2 0 8 {F-HAX 8Al= A X5z
g Wl i ARAAS AT R0 olF faAE
9% 5EL 2% MEE TES S A0k 9T FDAIAE

4

2
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FRAARZAS e FANADAFY] FHATANE 242t A

gl
Szl disiA= RT-PCR, #E o] tisiA= PCRZ A
FX oigk 4 iR Br)skal lvk(1s). £ A7 2
M= A2Z71E 33 F8737]o|A] PCR 2 RT-PCR A7}
T FEAR Alrdo] #EE AL ot o] 2402 HlE]Y] X
7} AEdlo A &8} Fo] AERxE Tdshy] wiel
AIRE ATl whe} FUS W AlrdE el A0R o4ty
AR B Ao A ADFAL @8 7171 transduction® ¥ E]
Alad 7R QAEA 43 ASE BT QltkFig
3). o1& F3A Hde] 95 &5 Mo WA 2] FER

= viral genome®] episomald}Al XA Y= M EY
endonuclease®l &3t F&F7} o] Sl FHO=Z LA Uth
SHESA] X85 A4S AHAs WEr et AA v &
Fete AL 548 JEs 7 o Ao 7 WE
o P/ Sl ] B2 A7} AaE o) gt} b =4
12 AR olA npolels wWlE 9] ko] oyt Wl tig
Ar= AW EEAA emR] e FZ ot FAE-S ol
sh=dl o] T2 AEE 8T § k. B AFAE
1x10° A3 5 APFAAE ps3S EFFRL = 1749 o=
glolg s =7t e AR & Ae A=EE 7 AHH
real-time PCRZ AJ7to] ZAzpgo whe} 24 ol Z-7-3l= ol

2

Lo

AR RS A71Q holu Bl B o] WRshs Aow
3L

43} real-time PCRO] A3t HRE A T3l WHAS HAF
Fl=

oftl|:mnlo] Y ~E EFSE giFito] fAX s A 2lo] Wzt
Sk A AAAS B3 o AldIRe] dersAdel oisk
ot} FlEZnfo]g] 29} o] fx9)o] ol ofdlimnlo]
g29] ¢ AF7A] AAAEE 53k A 7eAdL slulsith
L GEA ok 2Ry dAagtelu AP XA Fo Wy
o7 A 22 WE Fosh= 49 Bt Gt nBlezz o
2 249 7Fede =k B AR A8 AFelA 1x108 <
7] olutolel s MEE o B Fol F oAU
o W Ps A 2T A3 1302 ol BhAeI A oflie
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ABSTRACT : Potential Reproductive Toxicity Study of pS3 Expressing Adenoviral Vector in Mice
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The possibility of inadvertent introduction of therapeutic gene expressing viral vectors has raised safety con-
cerns about germ-line infection. Particularly, for indications such as prostate cancer and ovarian cancer, the
proximity of the point of viral administration to organs of the reproductive system raises concerns regarding
inadvertent germ-line transmission of genes carried by the virus vector. To evaluate the safety of in vivo ade-
novirus mediated gene transfer, we explored the biodistribution, persistance and potential germ-line trans-
mission of p53-expressing adenovirus (Ad-CMV-p53). Both male and female Balb/c mice were injected with 1
x10° PFU of Ad-CMV-p53. The PCR analysis showed that there were detectable vector sequences in liver, kid-
ney, spleen, seminal vesicle, epididymis, prostate, ovary, and uterus. The RT-PCR analysis for detecting inserted
gene, p53 showed that Ad-CMV-p53 viral RNA were present in spleen, prostate and ovary. Direct injected male
and female mice of adenovirus vector into testis and ovary were mated and their offspring were evaluated for
germ-line transmission of the adenoviral vector. The PCR and RT-PCR analysis showed no evidence of germ-
line transmission, although vector sequences were detected in DNA extracted from gonadal tissues. Real-time
PCR result confirmed a significant decrease of adenovirus in gonad tissues 1 week after injection. We have also
analysed the cell specific localization of viral DNA in gonad tissues by using in-situ PCR. Positive signals were
detected in interstitial tissue but not in seminiferous tubule in sperm. In the case of ovary, adenovirus signal were
localized to the stromal tissue, but no follicular signals were observed. Together, these data provide strong evi-
dence that the risk of the inadvertent germ-line transmission of vector sequences following intraperitoneal or
direct injection into genito-urinary system of adenovirus is extremely low.



