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Background : The impact of the immune response on cancer gene therapy using viral vectors to deliver a “sui-
cide gene” is currently unclear. A vigrous immune response targeted at viral proteins or transgene may en-
hance the efficacy of tumor destruction and even augment responses to tumor antigens. These responses may
involve the release of cytokines and stimulation of tumor specific cytotoxic T-lymphocytes that enhance thera-
peutic efficacy. On the other hand, a vigorous rapid cellular immune response may destroy cells expressing the
therapeutic gene and attenuate the response to therapy. Furthermore, development of neutralizing antibody
responses may prevent readministration of virus, a potentially significant limitation. Evaluating the significance
of these limitations in animal models and developing solutions are therefore of obvious importance.

Methods : After retroviral transduction of mouse mesothelioma cell line(AB12) with Herpes Simplex Virus
thymidine kinase (HSVitk) gene in vitro, subcutaneous flank tumors were established. To study the effect of in-
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tact immune system on efficacy of tumor erradication, the ability of the HSVtk/ganciclovir system to inhibit
tumor growth was compared among normal Balb/c mice, immunodeficient Balb/c-nude and SCID mice, and
Balb/c mice immunosuppressed with cyclosporin.

Results : Ganciclovir treatment resulted in greater inhibition of tumor growth in Balb/c mice compared with
immunodeficient Balb/c-nude mice and SCID mice(in immunodeficient mice, there were no growth inhibition
by ganciclovir treatment). Ganciclovir treatment resulted in greater inhibition of tumor growth in non-
cyclosporin (CSA) treated Balb/c mice compared with CSA treated Balb/c mice. On day 8, mean ganciclovir-
treated tumor volume were 65% of control tumor volume in Balb/c mice versus 77% control tumor volume in
CSA-treated Balb/c mice. This effect was still evident during therapy (day 11 and 13). On day 13, non-CSA
treated tumor volume was 35% of control tumor volume versus 60% of control tumor volume in CSA treated
Balb/c mice. Duration of expression of HSVtk was not affected by the immunosuppression with CSA.
Conclusion : These results indicate that the immune responses against retrovirally transduced cells enhance
the efficacy of the HSVtk/ganciclovir system. These findings have important implications for clinical trials

using currently available retrovirus vectors as well as for future vector design. (Tuberculosis and Respiratory

Diseases 1999, 46 : 228-240)
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Herpes Simplex Virus thymidine kinase(HSVtk)
& encodingsl= fHAE GHE o (trans’
fection) 3t ganciclovir(GCV) ol Agx o r
He REE ¥ F GCVE Fosted AEe
apoptosisE Z#3he A-R-AAH(suicide gene) A
8 FEAYAA 2 syt FHEJG . ol
HSVtk/GCVE o4& faxx8e HSVikr} o]
Qe GHE B 9 ohie}t HSVikfaart ol)i=A)
e 29le) SHIEE GCV Fo Fo AlFshs by-
stander effectol] o} M Ee] 10-20% ol HSVik
g ol A Ao BE AT apoptosis7t U
oldth-9. 121} o]2|¥ bystander effectdl= &
Fatm FEAYPAIA 24 &4 AARA XT
7} e B olJgl, GCV R F8 F FUol AL
5 ojEo| o} -7, HSVik/GCVE o|4& F3x
2ol ZTE Z7H1717] Heide N2 HeRe] A
wha} ¥ bystander effect& IS & e

ubg o g A7) dasict.

Bystander effect9] 7| 8L o} #43] &34 U
7] 9oL} apoptosisel] <3 THIE Az 4
8-E¢] endocytosis$} gap junctiong F¥ A7
¢} metabolic cooperationFo] Btk &Ad
T} 19, Freeman$9-& AZujA deutgoz 4
A9 cytokine 7+¢-H IL—1a9} IL-67} bystander
effecte] Peig Aoz masidovt off FALE
o] bystander effecto]] u|X& Gl tig AAHA
A7} gitk. HSVtk/GCVE ol&% RAR B
A Beure-e 1) adenovirus & retrovirus¢} &
o] Wlet2 AMS-E viruse] @3, 2) XgFHoR
ol¢J® HSVtk f-azte] A&, 3)FAEA thiA
gojd 4 Uopw, aga ojHE AU
cytokines@] 44 -2 cytotoxic tumor-specific T
—celle] A& x5k bystander effectol] o &
Aade Z27H7)AUY, anti-tumor immunity
£ 953l tumor vaccined] EFE vERE £ 3
th4-1o, FE ook iAo Wouhe-2 HSVik
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FHE WP MEEL Hsld  oyd
HSVtk f#xte] dd7|7ke Adgozm faz1H
&9 58 AANE FE AT,

A &L retroviral vector 2 o]gJ3+ HSVik 83
x| 8ol AYAA7} bystander effect9} §Hz}x 8
o} adol] vl G Hh AYE FHsuA B
ATE A3t & 7] A= HSVtk §384
¢} IL-2 & GM—CSF %¢] cytokinef-#x}e] ¥
S+ 8A X B (combined gene therapy) Z-&
HSVtk #3#}2189} cyclosporin & rapamycin
7 22 AAZEA e YPA8 ©]&F Edr}t @
T AL Aoz yAPct F§ B e Fup= u}
o2& Hete] WAL UBAIA SH} NBAYE
7 F Je AEE HEeld AgdE =g ¥
Aoz AZEh

e W Uy
1. MZuies

Balb/c miced] %43F9F H¥F9 AB12 HEF
& ARS-8tglen, Albelda SM(University of Penn-
sylvania Medical Center, Philadelphia, USA) 2%
B AlFugict. AB12 MI¥3= 10% fetal bovine
serum(FBS), penicilline G(100 U/ml), strepto-
mycin(100 ug /ml)e] A7+ DMEM wj=jolA 37°C,
5% olxtstera wig7)el A wjalic).

2. Retroviral vector2| M4ln RZXlojel

£ 97 AM83l= retroviral vector: neomycin
resistance #-72}(neoR)% promoter® S5LTR
(long terminal repeat)& 23 Q1= LNL6 vector
o] HSVtk #A=}9} promoter & Simian Virus 40
€ A8l ghE9len, Albelda SM(University
of Pennsylvania Medical Center, USA) 252 A
gt} AFWE retroviral vector& calcium-

phosphate A-AHol 2l8§4 pakaging cell lined)
PA317¢] transfection Al # neomycin ana-
logue?! G418 800 ug/mle #TH3l= uix|o)A
1443t wjFate R-H=7} o|YE cloned Aesly
t}. M3t PA317 producer cell lineg thA] &7
20cm culture dishol|A] vj3ta 2 wjokel e Weja
Z#¥ retroviral vector& -8l viral stock e
fct.

AB12 MEXFE 6-well tissue culture plateo
welld 10°70] NZE BF8le 2447 wjgs &
lipofectamine(Sigma Chemical Co., St. Louis,
USA)E& ol83ld H¥F W= retroviral HSVtk
FAAE olYslArE. WA polystyrene tubed]Al
Iml ¥i=]¢} 8 4 lipofectamined ‘Fo] EFF
THA] o7]e] 1ml viral stock& H718le] 20°ColA
3043t AT 2R o 24X EQF wiR
6-well culture plate2] vj=}& Wal3 welld 0.5ml
9] viral/lipofectamine &4z} 10% FBS7} M7}
¥ 2.5ml wWiAI§ H7F3te] wi=]e] %o 3.0ml HA
T F 37C, 5% o)Ataleks ujdr)o| A 24 A1z ul
W3t 28la G418 800 ug/mlo] 41 =]
oA 233t wiokste) HSVtk 327} olgle Ax
(AB12-STK) & Ad93aisiy.

3. Gancicloviroll cHet Zt4adzdA}

HSVtk #3827} o]q] 2] 948 AB12 M2 e} HSVik
F38A7} ol9le ABIL2-STKHIXE 96-well tissue
culture platee] welld 40007§(100 x¢ media/
well) o] N2 & 2zt BF390). 37C, 5% o]ats}
B4 wjlel A 24413t wikeled MEESo] mono-
layer& ¥A313& W GCVryl H715z] ke ulx)
8} 0.02 uMoAMRE 2000 uM7Ixe] GCVE M7}
@ uixlZ w3ch. 5UZ wiYkE ¥ Z welle)
AE NE = ZJEA X dehydrogenase BAE
€ 34sks v4EAYQA MTT ZHApioz 248
k. e wellvct 20 ¢ MTT 8¢ Hrlstn
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37°ColA 3AIRE §<t 7} wjdst Holl 490nmol A
FEEE A3tk GCV7E 37HE welle] F3%
& GCV7} H7teR g wfA = wjdgt well o] &
Prole] MRS PEFE PFIIAT]

4. SRS wEl

24 & 8-1059] 947 Balb/c AF (A% 20gm)
& AHgsle] FERES Bt ¢ Balb/c A4
o) k2 & B 100u¢/ DMEM ujx]ol] F-HA]
7 5x10° AB12 MXE Fsl5A} stgnh. %
313} 39 & xE0] 4-5mmE §¢to @ ERE
F e Z77t "oy o] ¥ 349 1AHS R FY9
Z&(L : length)3} £ (W : width) & 248l &
o] A& Felden FU9 mZvlE LxWY2z
A reF Tt

5. HAMAZ} HSVtk/GCV |EAIX|R0| 0|kl
g

HSVtk ##Az17} o]l® AB12-STK A ¥¢} ojgi=
7 o+ ABL2 AEE 1:2002 Efste] HAH
A7} thE 4F £ Balb/c mice, Balb/c-nude mice
9} SCID miced] %2 gd7eldl F3t FAlstAoH(Z
zt 120t2)e] AF). H3lFAL F 3ol & ZAlA 6
gl 237 GCV 50 mg/kg/dayE 273 W= 5
Altgon 6ulels 9] salined Foidte gz
Zo.2 3.

8. HAAMM7} HSVtk/GCV |FEXLX|R0)| OX|E
=k

Balb/c mice 40u}2]E& F 1§02 U 1£L
S EE FARL7| 8 Aol cyclosporin 20mg/kg
& B/ FARIT 272 F%9 salined Fo33
Ak HSVik #3427} o]gf¥ ABI12-STK Axe}
oly=lA] e ABl12 A¥XE 1:4008 E3ltsld

AF 9] k& & BXd F3lFAL sH

Cyclosporin ¢ & YangS'?3 o] 20mg/
kg/daye] cyclosporin® AUz 237 B U=z
FABIYEE. HHEE FElFEAlSL 3Y FRE 7z
A 6ulgle GCV 50mg/kg/dayE 18|31 69}
2le %9 salined B2 W2 FAREA 3¢ 3¢
2o g Foko] 37|18 ZAFSFY U Cyclosporin $¢
o W2 HSVtk #-x}e] U Apol& H3st] Slst
o 7 2EEg 4vlele AHE HE FAF F 15Y
3} 23l FAAFIIL FAE APt 70T B
#atct.

8. Cyclosporin F0{0l| tbZ HSVtk FHKle| Wi
ol

Cyclosporin oo o} HSVtk fAx1e] @dz}o]
£ QIE 4 F 1 7Y} 2 30 AU %
o|A RT-PCRZ ZAFsIuT).

RNA% acid guanidinium thiocyanate-phenol-
chloroform extration®jo.z FZ3igct®. F4H
%4& denaturing solution(4M guanidinium thio-
cyanate, 25mM sodium citrate(pH 7.0), 0.5%
sarcosyl, 0.IM 2-mercapthanol)® Zg3 %
glass homogenizer& AREste] 4°CoA vl AR
t}. 2M sodium acetate®} water saturated phenol
—chloroform& wh|Z2d] H7lgt ¥ 4TA 14,
000rpmo.2 1587 94Eesi ] 4 43de =
o131 Z8ko] jsopropanolS H7}g the -20°ColA
1A7 Sk W23 £ 4°CollA] 14,000rpmo.2 15
B 9ARsiA RNAE FdAIZ . RNA pellet
& 75% e AAY o AeodA LAlEe &
2 3 DEPC= A&’ 355 20 uf o] 594X -70°C
o] Bt £al¥ RNAd didk cDNA<9] §4
£ Perkin-ElmerAle] cDNASHA] kitE AR5l
t}. & Z3FA ¥ 500ng RNA, 25mM MgCl2
26, 10x buffer 146, 2.5mM dNTP 4, 25U
M-MuLV reverse transcriptase, 2.5 #M random
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Table 1. Primer sequences of HSVtk and f-actin

Primer Sequence
HSVitk 5 primer 5 -ATGGCTTCGTACCCCTGCCA-3’
3 primer 5-GGTATCGCGCGCGGCCGGGTA-3'
Bactin 5" primer 5-AACATGGCATTGTTACCAACT-3'
3’ primer 5'-ATAGCACAGCTTCCCTTTGAT-3’
(A) (B) ©)
1000-] 12001 10001 *
800 4 . 1000 4 800
ME a0 | .
600 1 * 600
] . o]
; 400 4 400 *
a 400
= 2004 200 200
°0 10 9 10 °% 5 10 7s DY

Fig. 1. Effect of immune system on the retrovirally transfected HSVtk gene therapy. A mixture
of HSVik+to HSVtk-AB12 cells at a ratio of 1: 20 were subcutaneously injected in
immunocompetent Balb/c mice(A), and immunodeficient Balb/c-nude mice(B) and
SCID mice(C) on day 0. Half of animals(n=6) in each group received intraperitoneal
ganciclovir(50mg/kg/day) from day 3 to day 16(controls received saline, n=6). Tumor
growth was faster in immunodeficient mice compared with Balb/c mice.

Ganciclovir treatment resulted in greater inhibition of tumor growth in Balb/c mice. com-
pared with immunodeficient mice(there was no growth inhibition in immunodeficient

mice by ganciclovir treatment.).

Error bars=SEM, @ =ganciclovir treated mice, ® =saline injected mice, *=p<0.05.

hexadeoxynucleotide primere} Z7{4¢] o] 10
ul 7} H5E &4k 42°CollA 3083t ¥EAIA
cDNAE g8t 99 CHA 587 A A &
ZNFL 5CAAM 587 YAAH. PCRE
25mM MgClI2 2u¢, 10x buffer 4 ué, Taq poly-
merase 2.5U, sense ¥ antisense primer 242} 0.5 uf
(0.25pM) 8} FF52] Fo] 40ul °] HEF T v&
E% tubedl] Hrlsle] AlETt FHAALNES
94°ColA 607t WA, 56°ColA 60%3r anneal-
ing, 72°ColA 80%% extension, "FA|% exten-
sion& 72°CollA 887 AFA stglen, HSVik
= 353] 283 Factin® 253 Al FHA

Aur2oM o AHE-2 1.5% agarose gel2 A
g=s1 0.5 pg/ml ethidium bromide® 30#7t
g A319ct. PCRo| AR&-3F primere] A ¥& Table
13} 2ch

9. BAEN

iz g Xg7el e Student’s t-testE,
agl3 AGYAlAl o {7 e X E8Ee vie
Pisher’s test& ol&-3t5 o p ghol 0.05 o317
28 BA%AQ 2ot e Aoz BASAT
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Fig. 2. Effect of immuosuppression on the retrovirally transfected HSVtk gene therapy. A mix-
ture of HSVtk+to HSVtk-ABI12 cells at a ratio of 1 : 20 were subcutaneously injected
in immunocompetent Balb/c mice(A), and immunosuppressed Balb/c mice(B). Half of
animals(n=6) in each group received intraperitoneal ganciclovir(50mg/kg/day) from
day 3 to day 16(controls received saline, n=6). Tumor growth was faster in CSA treat-
ed mice compared with non-CSA treated mice.

Ganciclovir treatment resulted in greater inhibition of tumor growth in non-CSA treated

mice compared with CSA treated mice.

Error bars=SEM, @ =ganciclovir treated mice, ® =saline injected mice, *=p<0.05.

2 o
1. GCV 4424t

HSVtk Rz} olqle ABI2AM|® 2] 50%7} 0.1
uM GCVIA Algalg o} §-Axp7} o]dg=] gre
HIE= 200 uMoq 50% Abgkslo] HSVtk Sy
7} olYle HEEE HSVtk faa7} o]sx] e
M ZEo) H&] GCVell that B4o] f-olahA] 7}
%Ath(data not shown).

2. HSMAD) THE HSVtk REXIXIE A2}

Immunocompetent Balb/c miced| A= GCVg =
A oA saline FF thRFo] uja) Eoke]
] FolsAl Zastol GOV Fo ¥ 138no)
T 27t Az WS 65.5% TAEUC

(210£50.0 mm?® versus 615 +96.0 mm?® p<0.
05). 12v} Balb/c-nude mice¢} SCID micedj| A
< Y] 4] Bal/c miced] &) wWHE B oja}
GCVE T H9ol= 9ol Aafo] A=) o
R} (Fig. 13 Fig. 4). Balb/c-nude micedx&=
HSVik+ A2} HSVik-AE& 1: 59 vjgz @
ARl FR ggel dAHti(data not

shown).

3. HAARIRI} HSVk/GCV |EXIX|R0| O]kl
g

Balb/c miced] B2l cyclosporing Foj§
TANE GCVE 4§ A4 salined =% =z
Tl Mg FF o] oAl AAHTH(842
+192.2 mm® versus 1323+156.0 mm® on day
16, p<0.05). e} cyclosporing ®do3 &

— 234 —



— Herpes simplex virus thymidine kinase gene therapy —

o

% Control Tumor Growth

No CSA
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Fig. 3. Comparison of retrovirally transfected HSVtk gene therapy in immunocompetent versus
immunosuppressed Balb/c mice. Ganciclovir therapy was more effective in
immunocompetent mice. Early during therapy(Day 8), mean ganciclovir-treated tumor vol-
ume were 65% of control tumor volume in immunocompetent mice versus 77% control
tumor volume in CSA treated mice(p<0.05). This effect was still evident during therapy
(Dayll & 13). On day 13, non-CSA treated tumor volume was 35% of control tumor vol-
ume versus 60% of control tumor volume in CSA treated mice(p<0.05). Error bars=SD.

cyclosporin® FoidhA] ok Fofl vis) % 4%
o] &-¢jslA we}(saline-treated group, 1323+
156.0 mm? versus 615+ 96.0 mm® on day 16, p<
0.05) Xa&3}7} 4 59en(Fig. 2), ol¢ 22
F%e AAE=E neiA Fe FfedE cyclo-
sporing F3kA] ¥ #& GCV F49 ¥ 1394
F%e] =77} salined T 2T v 65.5
% A% ¥hA cyclosporing R FAAe
GCV Edjo] g Zofo] 37] %47} salined Fo
T 239 40.3% o BHste] R EFHTL F-ol5HA
vttt (Fig. 33 Fig 4).

4. Cyclosporin #ofof] m}® HSVtk f#EXl2| Wi
xo|

HSVtk mRNA 988 cyclosporing® $oJ38}x] &

& &% cyclosporing FH% FeljA 25 LHHA
on BYPLEE FALEIYEH(Fig. 5).

I @

9] fAAAEE G T dF AGNE FA
A ¢& 83 sk F83 BHF3PE (genetic
immunopotentiation), ¢F-A=xte] IR} FF
AAF-HALe] dE&g nPde e (mu-
tation compensation), =18]3 HSVik && cyto-
sine deaminase(CD)&} 22 oA ZALAPR-AAE
o] 2%} H.x}3}8 8 ¥ (molecular chemotherapy) %
o] Al=Eojz| 3L T,

ADA(adenosine deaminase) Z{oz 9% A
HEYZY T FRFEY U FAAAEE AE
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Fig. 4. The effects of immunity on retrovirally transfected HSVik gene therapy. On day 16,
greater inhibition of tumor growth in Balb/c mice(A) compared with CSA treated Balb/
¢ mice(B) and Balb/c-nude mice(C)(there was no growth inhibition in Balb/e-nude

mice). Left . saline-injected mice, right :

o] YRt FAE olddtiEte AsAHE d&
F J=u® vE g g FAAAEE ZE GA
XE AAselt AmadE Vg F A
HSVik/GCVE o]&3t §ARAE= A2 10-
20% 9] HSVtk 4215 o]g& 7<% bystander ef-
fectol] oJ& A2} & WM ¥l apoptosis7} oLk
Hes B ety BE AR FHAE olQl¥
F Sle 71€3 A E SEY & Aok B 9 oy
g} HSVtk f3ARE= GA L] FAZ oA}
T g FHo] flolx A= F gled, 43
olio] TE oy rtA] Yo nHidHHo g A=
F Az Aol Uo7,

T HSVtk g4 83 Fdr)de]
3}LtQl bystander effecto] HHAQ] 7)Aol Be
To] Bolx]al Qlt}h. & in-vitrod|A+& apoptosis

ganciclovir injected mice.

o o5 =g MEe] 54 #FE2 endocytosis
3-8 gap junction® E3F AHl¥7Fe] metabolic co-
operationgo] #ogitin &eiA gleu 'Y in-
vivooll4 2] bystander effect= Hojx 37}A] o)A}
o] 7]Ad ojgttn &k & A, in-vitrooAe)
F8 7149 GCV9| th3t chemosensitization, 4,
apoptotic cello| A §&]€ TNF, IL-1, IL-6 %9} ¢
3+ hemorrhagic tumor necrosis(HTN)»~ 2", AlH],
HTNo 2 Qg HAxe Fhy &3 ICAM-],
B7-1, MHC molecule®] upregulationo]] oj& &}
o] FH@Ho] WHdHoz FA3ge] wE anti-
tumor immunity® *#*%o] fojFct. g|a o]}
22 HSVtk #AzIx189] AYstzl g4 Y
AEANA Bose HIGAEER A Begwe
FAE FEE + JAe BagHe] HEAE
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No CSA
& No GCV

HSVtk —

B e e R

B-actin

CSA-Treated
& No-GCV

No CSA
& GCV-Treated

CSA-Treated
& GCV-Treated

T

TN G A

Fig. 5. RT-PCR analysis of HSVtk in tumors. Fourteen days after injection of ABI2 cells(a mix-
ture of HSVik+to HSVtk-ABI12 cells at a ratio of 1 : 20), tumors were harvested and
mRNA isolated in non-immunosuppressed Balb/c mice and Balb/c mice imm-
unosuppressed with eyclosporin. RT-PCR was performed with primers designed to ampli-

fy both HSVtk and F-actin.

ol&3 ujAe] ¥, F§ IFN-q IL-2, GM-CSF,
IL-49} Z+& cytokine §@zke} HSVtk §dx 4
A 5.9 o]&4 wjAo] Ha Urpr-?,

3H Yang% '3 adenovirus& WEels AM-SH
FTEA™INA cytotoxic T-cell(CTL)o <j&f &4
A7} ol M} shE|o] fodxte] W |Ze] 7
A2E=d H)&, cyclosporing F4J3le CTLE o
A Fle FAzte] WH7I0] FIbE A olo] wle}
Agads F7HEANL Basic.

Izl Engelhardt 53 Yang%®2 adeno-
virus E2a gene®] mutation® oz #A¢ &34
7} olqld Aol g AHuhg-o] ZAdkT oo o
2 o]d3t f-HRke] WHrITe] FrbE Tk gt
B ot olyEt Yang%"e& dAld oz CD4 helper
T-cell 2 JAE 79 neutralizing antibody 2] #4
& JAIEt fAxte] AR Ryt FEHACkL
Hag vt Qo). 0|89 ZAEL HHJAA] -1
BE7|ZEe] Fotet AT R} FoME R
ojc}.

oje] Aute AR F HAZAA 8 A} F
Mtk AT7EF ol diR2F oz HAYAA] A
B 2t FHEve e f8AA 8 oA
AT g B3 Hrl B AT Yade
A718car 3ok HSVik §312 280 QoA &

Aerg-& HEetZ AMgE vlolH Ao F4z} A B}
ANgEH o ojgy HSVtk fxixle] A4 o)
3 dojd = Qom0 wetx ARR-3l nlo|F A ¥
Bl g AolE 7HEE Wavl ot B dFE 9
A A7} retrovirus HElZ o]YgH HSVik &A=}
Agd WAE G ZARIL 53 ol9t 2L EY
A} ol YT FAA e WA X JFE %
ARgtnz) skl ¥ QoM retrovirus WEMS
ARERE fAXR R QlojA= BHuHE-o] bystand-
er effects} F-HAXE A8 FIA7IY o]¢% &
Ao @/l e FPE viHA] Wgdrh ol
ZI= retrovirus HELRZ o]Ql¥ fAz= &Fe
G2 Ao integrations] 7] W&o retrovirusol 2)3)
oldd FAAE B o w77 o] ATy
2 gFE Wl Aewe-e HSVtk {3189 by-
stander effecty= Z7IA17le A& AJAVEC). ol2%h
ZA3= retrovirus HENE A3 §AHBAE=
AdFdo] ARAHE F7HE Aoz AAdr.

8 <
oAl

HSVtk/GCVE o]43% FAARRA Hgurg-e
1) adenovirus && retrovirus$} Zto] HEelz Al
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¥ viruse] S, 2) ANEEHo 2 o|gjd HSVik
Az WAE, 3)GAEA A doigd F A
ok 383 o|2¥ HHWEE cytokiness] HA &
£ cytotoxic tumor-specific T-cell®] A& x&)
3l bystander effectol] 2§ AAFAE Z7}A]F]
AY, anti-tumor immunity& %3 tumor
vaccine®] E7-E Uebd 4 gtk 9 ojoh= gz
Aoz WHr2S HSVik H4xE W8k A%
52 933l ojgJ¥ HSVtk §3xke] wd77He
Ao 2A fAAEY] FHE F2AE & 9
t}. £ dF= retrovirus WElR o]gg HSVik &
AAXgA HYAAY} bystander effecte]] 2}3F
Aaae vAs QS FHE BEAAS} o
T FA2e] L viXe TS RABIRA} 8
At
g 9!
Immunocompetent mice?l Balb/c mouse$}
immunodeficient mouse$! Balb/c-nude % SCID
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