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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 (HSVtk) 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 HSVik/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 : 229-240)
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Herpes Simplex Virus thymidine kinase(HSVtk)
£ encodingdl= SRS Ao o9 (trans
fection) &t ganciclovir(GCV) ol dejdo g 7+
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RS ddshe AREES Hudte]  oldd
HSVtk f27te] 8717hE Askgozn f4]
o] a5 AAaAE = Sinn.

AHAFE-& retroviral vector 2 ©]¢J3+ HSVtk &
A2 5ol BAA A7} bystander effect 2} Az 2
o] a7l VA= e B} F3s] FHsuA B
AT-E At & A9 Ark= HSVtk £
¢} IL-2 £-& GM—CSF %9 cytokinef-72}o] 1
A2 H (combined gene therapy) Z&
HSVtk f-Ax=x182} cyclosporin & rapamycin
I 2wz e W5 o2y 'y} E
I Ug oz g T3 2 dFe) Axs ut
olzix HWEle] HAGE WINA FAx A5EAHE
SHIE F Ude MR Hete] Al =go] €
Aoz Azt

1. M|ZHHE

Balb/c mice®] °}3%uF MEF ABI12 A¥F
E AR89 o, Albelda SM(University of Penn-
sylvania Medical Center, Philadelphia, USA) 2%
B Alguisity. AB12 A ¥3E 10% fetal bovine
serum(FBS), penicilline G(100 U/ml), strepto-
mycin(100 zg /ml)o] A7}E DMEM siAloA] 37°C,
5% olksheka Mol waksiact.

2. Retroviral vector 2| MAlnl S&x}o|g]

E. AFo|| AlR-3= retroviral vector+ neomycin
resistance -4} (neoR)%} promoter2 5LTR
(long terminal repeat)& zr1 &= LNL6 vector
o] HSVtk %722} promoter  Simian Virus 40
& sl w=9on, Albelda SM(University
of Pennsylvania Medical Center, USA) ZX-E] |

Foltl, AT retroviral vectorE calcium-

phosphate XA ¢Ja|A pakaging cell linet
PA3179 transfection A]Z] & neomycin ana-
logue?! G418 800 pg/mle A3l BiA|oiA
1447 wjFste A-AT o]9)€ clone& AEEty
t}. Meid PA317 producer cell lineg t}A] 374
20cm culture disholA] wleksta 1 okl S Hejz
22 retroviral vectorg 3-{-3h= viral stock& &
At

AB12 A¥3E 6-well tissue culture plateo]
welld 10°7)e] M2E £531] 24A7 wjdd &
lipofectamine(Sigma Chemical Co., St. Louis,
USA)& o]g3te] HEFE W2 retroviral HSVtk
SARE o|Yst¥Tt. WA polystyrene tubeol A
1ml 9i=j$} 8 ¢ lipofectamined %ol &3 3
ThA] of7]o]l 1ml viral stock& #H7lshe] 20°C oA
3087 WAEAc. 27 oy 24413 FRF wjddt
6-well culture plate2] ¥|x|& ¥al welld 0.5ml
9] viral/lipofectamine &3} 10% FBS7} 37}
g 2.5ml HjXE Hriste] wjx]e] o] 3.0ml HA
3 & 37C, 5% oliteiea sdriollAl 24417 w)
stgict. 28ln G418 800 ug/mlo] &8 uix|
oA 237t wjokste] HSVtk -3zt o]9d€ AlX
(AB12-STK) & d=stqirt.

3. Ganciclovirol ch#t Zig=MdAA}

HSVtk #2417} 0] 9] =17] o3& AB12 A9} HSVik
2A427} o]9E AB12-STKAMEE 96-well tissue
culture platec] welld 400071(100 uf media/
well) o] AIXE 27t B34t} 37C, 5% olitst
gk vl A 24 A1t wjg8te] Al EEC] mono-
layer& 3A39-& ® GCV7L 37HEA] & A
9} 0.02 uMo|AE-E 2000 uM7AAe] GCVE 7}
T Wiz w3k 547 MYgd F 7 welld
AZE AT F= YEAE dehydrogenase EAE
g 25 WARAEY MTT Filges 258
aok. 247+e) wellnlc} 2040 MTT £9-8 Arlsin
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37°CoMA 3AIZE B F7F wfoder Sl 490nmo A
F3vE 24390k GOV H7E welld] 335
& GCV7} H7belx] e Wi 2 ulger well o] &
Peole] WBg D Q2o Ty,

4. SEZYS| &y

24 F 8-105¢ ¢ Balb/c BF (A% 20gm)
& A3l BEEES SYsisin. ¢ Balb/c A
ol ¥ F BH) 10044 DMEM ujx]o] 254
Z1 5x10° AB12 MXE HslFAl slith. %L
H3FAL 39 & A Eo] 4-5mmE &t T AT
F Qe Z7Ph Hlew o] & 34 1HHog F%9
A&(L : length)?} Z(W : width)& =Hslo] =
%ol AV1E TN %9 Al LxWY2g
A3t

5. HANAZF HSVtk/GCV FEXIXIR| OjxlE
g8

HSVtk ##%7}1 o]gj¥l AB12-STK Alxs} o195
A @& ABI2 A¥E 1:2002 235t HYH
A7t & A3 £ Balb/c mice, Balb/c-nude mice
o} SCID mice®] 4% E7a]dl H3} FAlStR ez
7} 1zhlele] BF). A3lFA § 39l 7 oA 6
nizlE 237 GCV 50 mg/kg/dayE 27 Uz &
AEtd o 6ulele 599 salineg Fojdle] diz
Fo = 315t

6. HARRITE HSVik/GCV |ERIX|R0| o)kl
A48

Balb/c mice 407}2|8 F IEo2 ro] 12
PAEE FAB8}7] 315 Aol cyclosporin 20mg/kg
& B AR 278 5% salineg T3l
st} HSVtk #3471 oj¢d® AB12-STK Ajxe}t
olgElx] ¢ke ABl12 MEE 1:40°0=2 Edslo

AHe| 5 & Bxo gfatpat syt

Cyclosporin 5] 2& YangZ '3 o] 20mg/
kg/day®] cyclosporing ALz 257 B3
ZA)5tET. OIS HEEAlskn 3¢ 3RE 7
oA 6ulele GCV 50mg/kg/dayE 18|11 6u}
2l £ salined 27 Uz FARIAA 3Y 71
Aoz F%e| A71F 2ARIY. Cyclosporin F
o W HSVtk §az}e) 28 xol& Fusly] )3}
o 7t FEE 4njele] AHE QHE FAL R 15Y
¥} 250 FAA7| FEE Adstd -70Col B
#3pgiet.

8. Cyclosporin fofofl i HSVik FExtel
xtoj

Cyclosporin F-ojo) wh2 HSVik §-23x1e] g A}e]
e GHE FAL & 1 FdH 2 FY G g2
Jx RT-PCRZ ZAlst4}.

RNA$ acid guanidinium thiocyanate-phenol-
chloroform extration o2 Z&3l5cH®. 2=
#2% denaturing solution(4M guanidinium thio-
cyanate, 256mM sodium citrate(pH 7.0), 0.5%
sarcosyl, 0.IM 2-mercapthanol)® E%}3 %
glass homogenizerZ ARME-3ted 4°C A vhgAIZ]
t}. 2M sodium acetate$} water saturated phenol
~chloroform-& w2 Ze] 715 & 4CoA 14,
000rpm o2 1587 GAEEHA 2 FF3d4e =
o3 e isopropanold F7H thE -20°CIA
177 B9 A% 3 4CoA 14,000rpme R 15
270 148 RNAS 2 2A80 RNA pellet
& 75% NEgR AT vhg A WAse B
¥ % DEPC= Azl3t 3/ 2048 ol %A -70C
o BHsieich. E-2jg RNAJ gk cDNA9 &4
& Perkin-ElmerAle) cDNAEHA kitE AML-31%
th & ZFHA d& 500ng RNA, 26mM MgCi2
210, 10x buffer 144, 2.5mM dNTP 4uf, 25U
M-MulLV reverse transcriptase, 2.5 uM random
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Table 1. Primer sequences of HSVtk and S-actin

Primer Sequence
HSVik 5 primer 5 -ATGGCTTCGTACCCCTGCCA-3
3 primer 5-GGTATCGCGCGCGGCCGGGTA-3
F-actin 5 primer 5-AACATGGCATTGTTACCAACT-3
3 primer 5'-ATAGCACAGCTTCCCTTTGAT-3 _
(A) (B) ©
1000 1200 - 1000 *
800 P 500
ME 800 *
B 6004 * 600
] - o]
2 400 400 *
g 400
= 2004 200 200 A
°s 10 °% 10 ° 5 10 7 D&Y

Fig. 1. Effect of immune system on the retrovirally transfected HSVtk gene therapy. A mixture
of HSVtk+to HSVtk-ABI12 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.

== 20

hexadeoxynucleotide primer$} ZF4=9] %] 10
pl 7} HEE stk 42CAHA 3087 weAA
cDNAE dsha 99°CollA] 587 aeAlA A48
FAAZIL 5ColA 582 YAk PCR&
25mM MgClI2 2uf, 10x buffer 4 pf, Taq poly-
merase 2.5U, sense ¢ antisense primer Z}2} 0.5 uf
(0.25pM) ¢} 2549 ko] 408 o] F=S & The
TUE tubed] kst AlfEtdnt. FHEANSES
94 C oM 60%7r WA, 56°CA 60327t anneal-
ing, 72°CoA] 80%7F extension, "}A|=} exten-
sione 72CAA 887 Agel shgonl, HSVik
+ 353 183 Bacting 253 Algsyct. H¢E

ANkl de AES 1.5% agarose gel 2 A7)
%351 0.5 upg/ml ethidium bromide= 3087t
AAsg. PCRo) AMS-3k primere] MEe Table
13} Zt}.

9. 8AEM

g2z gg xE7e] HlEE Student’s t-testE,
azja FGAlA] Fol {7 B XE5&9 vlus
Fisher’s test& oj&3tg o p zto] 0.05 ¢]34) 73
*E EASZAQ o7t e Aoz WA
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Fig. 2. Effect of immuosuppression on the retrovirally transfected HSVtk gene therapy. A mix-
ture of HSVik+to HSVtk-AB12 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 =
1. GOV 244zl

HSVtk 3827} olds AB12AMx%e] 50%7) 0.1
uM GCV A Algslg ot Gz} o]Y=R] e
AEE 200 Mol 50% Abgsted HSVik f-d2)
7} olgd® AEEE HSVtk 4427} o|gsln ge
A X vjs} GCV tig Aol felsitAl Z7is
¢lc}(data not shown).

2. HARHo| & HSVtk FEXX[R &3

Immunocompetent Balb/c miced4l&= GCVE 5
AT FoAA salined FAF 2T Hlg) Fko
Qo] frolabl 2stel GOV %ol F 1320ol=
FT¥ =77 dzZ "E 65.5% ZAEHAG

(210+50.0 mm® versus 615+96.0 mm? p<0.
05). L&} Balb/c-nude mice®} SCID miceo] A
£ £k 4% o] Bal/c miceo] v m-g ¥ ol]eg}
GCVE o3t Ao F4e] Aol A=A &
Ful(Fig. 13 Fig. 4). Balb/c-nude micedAl&
HSVtk-+ A ¥e} HSVtk-MXE 1:59] vz &
dReA FFd APl JAEHAT(data  not

shown).

3. HAAAHHTL HSVik/GCV FEXXIR0| 0lXl=
-k '

Balb/c miced] H&e}A|ANQl cyclosporing Foigt
FANE GCVE Foid 74 salined Foidh =
ol g Foke] Aol fejsiA A UTH(842
+£192.2 mm?® versus 1323+156.0 mm?® on day
16, p<0.05). 28]} cyclosporing F43 £

— 234 —



— Herpes simplex virus thymidine kinase gene therapy —

No CSA
O CSA-Treated

g

5

o}

g *

=

=~

Ks)

b

o

Q

O

&R

Day 8 Day 11 Day 13

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.

cyclosporing FoJ&}x] ¢k Tol| via) Fde] A% 2 3 cyclosporing F-oig oA 2% LEES]
ol #2954 wa}(saline-treated group, 1323+ o HHFER fARIATHFig. 5).

156.0 mm® versus 615+ 96.0 mm?® on day 16, p<

0.05) Xga7zr} A= (Fig. 2), olet & I #

TU¥ AFEEE R @ AT cyclo-

sporing i3] o5& & GCV Fol F 134 ko) fAAARE A e AL Z7PA
FFe] A7)} salined Fofst izl v3 65.5 #A e Agalua} = AA B} (genetic
% Zr2% ¥hE cyclosporing FojE T immunopotentiation), $--xzke] A} FUF
GCV oo m& FF9] 27] 247} saline& Fof AR AL Aeg wAshe BVl (mu-
T 27 40.3% o £t AR a7H7} Fo5H tation compensation), 22]3 HSVtk £& cyto-
sth(Fig. 33 Fig 4). sine deaminase(CD)®} 72 ofA| ZFARIAE

0]-&-3+ #2318 8 ¥ (molecular chemotherapy) %
o] AlEEojRIL Qlep*,
ADA (adenosine deaminase) ZAgo= ¢l3 ®
HSVtk mRNA #3& cyclosporing Foddlx] & GEPZY 22 #4289 3 f-ARAEE AIE

4. Cyclosporin So{ol| utg HSVtk FHxe| Wi
xto|
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Fig. 4. The effects of immunity on retrovirally transfected HSVtk 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/c-nude
mice). Left ! saline-injected mice, right : ganciclovir injected mice.

o] gReet e olditiEE ARENE d&
F A=d® vjE] goll dg fARAEE BE 9
FE AAsolt AzEAE 7Y £ o
HSVik/GCVE ©]83 FAAXEE A2 10-
20% ol HSVtk §HAE ©]d& %< bystander ef-
fectol} 2}8] A2} =g YAHIE2) apoptosis7} golut
HERBRW mEby BE QAR F3AE olg¥
F ge 7ledd PAE F5E F Ao B 9 opy
2t HSVik #dAX8x SAEe] 473 o)) @
& B3 30 ol A=Y F slon, fu3
oje] tg o Z1A FUl vidgHes A=Y
F U= el A .

F HSVtk f-AAgdAM F28 P71
&9l bystander effecte] WHsAQl 7o B&
BAo] Rolxil St} & in-vitrooA¥E apoptosis

of o& g MEe A &9 endocytosis
%2 gap junction® §¢ MEZHe] metabolic co-
operationgo] #F}R LA fJovt 'Y, in-
vivod| 48] bystander effecti= Zo]= 37}A] o4t
9] 7lde) gty gl F 3, in-vitroo]Aje)
Z07)79 GCVe] tidl chemosensitization, 4,
apoptotic cello] A f-2l¥ TNF, IL-1, IL-6 F ¢
%} hemorrhagic tumor necrosis(HTN)®%, Alsj,
HTN. 2 I3 oAz $9U HAsat ICAM-1,
B7-1, MHC molecule®] upregulationo}] 23]
o] FA] WEFoR TSI WE anti-
tumor immunity® %o #oJtl, gz oje}
& HSVik fdxRxg9 HAYAH 84w %
AzdA 2uige AIAEZZ e HIg e
TAE FEE ¢ g dda e HAAE"
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Fig. 5. RT-PCR analysis of HSVtk in tumors. Fourteen days after injection of AB12 cells(a mix-
ture of HSVitk+to HSVik-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 cyclosporin. RT-PCR was performed with primers designed to ampli-

fy both HSVtk and F-actin.

ol&3 wjAo] ¥, &8 [FN-q IL-2, GM-CSF,
IL-48} 2& cytokine §-dxe} HSVik %24 o
FA5e] o] 24 ujHo] HiL e},

FH YangT '3 adenovirusE HEelE AM431
EEAYA cytotoxic T-cell(CTL)9| oJa] &4
A7} oldE M2t o] f-xixte] BE o] 7
&%= w8, cyclosporing Foiste CTLE
A Folle f--xte] E IR o] ZVhE I olof whet
A8 ERE F7HE AT Biskch

83l Engelhardt %3 Yang%®-2& adeno-
virus E2a gene] mutation& goz #A$ 44
7} oldE A Eof i3 HERH-o] 7SI ofef] uwh
2} o]}igh fxpe] LEr|te] ZUbEdT R gt
B 9k ol YangS & dA|de 2 CD4 helper
T-cell& JAIE 79 neutralizing antibody o] HA4
& AR {AAS AFde 2t PIEHAGR
Hugh vk Qlch o|&9] FAHEL WA A fHA
BE7IZEE Frtek AT aFrt FEUE A
olek.

opdel vt An} & WAZAA A8 At F
7ttt ATEF olde dzxF o WA A
g AW FHEYE 285 AR JoA
HAGHQ d8o] T B} B Iy YeAs
A71gcka shch. HSVik §3aF A8l glojA &

5

Hukg-2 HElR ARE-E ulolEizel {2 BAE
3110 2 c,gscs HSVtk fdxte] A&
onjin oleba] AL a}O} B
el e iM% B ot Aok & A7
AR A7} retrovirus HelR o]¢JEt HSVtk iz
g vjHs Q3L ZARIL E3) o9} gL Wy

rﬂ, zE 2

AAZ} olYT FAxte] BE7Zbe] A dge =
Askaxt stk B dAFo)ME retrovirus WELE
AR FRAA B dolAle BEYgol bystand-

er effectst S E EHE F7HAIH o|gd &
Azl wE7|Zbels JAFE uAA] Gt olE
A= retrovirus HEIR 0] fAAE FFe
Ao integration¥7] W&o} retrovirusel 2|3}
oldE fHAle WAYHgol 2] Ldr|7he] Aghy
7 o= PR Hevhg2 HSVtk fAx2R9] by-
stander effect Z7IA7)E & AW} oleldt
A7 retrovirus WEHE ANSE FAAAEAGE
wool AREANE FVME Ao AZHEH

2 o

AN
HSVtk/GCVE 183 RAAARAM Bhg2

1) adenavirus &-& retroviruse} o] HElZ AN
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€ viruse] @, 2) XBEHo g o)y HSVik
AR BAE, )R sl dojd + 9}
ok a2ln ol2@ WAL cytokinese] A4 &
£ cytotoxic tumor-specific T-cell9] BAIE =i
8l bystander effecto]] 28 MAEINE ZriA]7)
Av, anti-tumor immunityE {%38k] tumor
vaccine 8] 78 JERE & i) & olgl= diz
How wWoulee HSVik S4xE 2dsk= AL
58 d3le] olgdel HSVtk H-Axle] wdrizte
Ao FAAXEY EAE F2AL S5 Q)
th B Q3E retrovirus HELR 0]9)3 HSVik &
AR A 5o A WA AV} bystander effecto]] 23
AdaTe nXe F8E FHslE AGAAT} of
gt KA HE vRl= YL ZARILA 8
k.

g !

Immunocompetent mice¢! Balb/c mouse$}t
immunodeficient mouse?] Balb/c-nude % SCID
moused|A] retrovirus HEE AM3}e] HSVik &
AZE oldstn ARAYE 2ARI¥T. agn
Balb/c mouseo] HAJAAQ! cyclosporing %
ste] WA} bystander effect @ $AxIx 8
29 fHAe I PR FqFE FAME
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