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Background : One of the important mechanisms responsible for a tumor escaping the immune response is an
absence of the tumor associated antigen (TAA) on the cancer cell surface. To overcome this, combination
gene therapy using a herpes simplex thymidine kinase (HSTK) gene, prototype of drug sensitizing gene, was
conducted to enhance TAA release by cell destruction, as well as the cytokine genes for immune cell attraction.
Methods ; We investigated whether or not transduction with the adenovirus-HSTK (Ad-HSTK) enhanced
the sensitivity of Lewis lung carcinoma (LLC) to ganciclovir (GCV) and induced a bystander effect. A Tumor
vaccine trial was performed using LLC with ad-HSTK +ad-GM-CSF +ad-IL.-2 to determine if they exhibit
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some antitumor effect on established lung cancer xenografts.

Results : LLC with ad-HSTK revealed a much higher sensitivity to ganciclovir (GCV). LLC transduced with
ad-HSTK and/or ad-IL-2, ad-GM-CSF showed a lower 7% vivo tumorigenicity. In the treatment experiment,
vaccination with LLC transduced with ad-HSTK, ad-IL-2, or ad-GM-CSF alone modestly suppressed the
growth of an established tumor. Combined transduction with HSTK and GM-CSF induced stronger growth

suppression of a established lung cancer, while HSTK and IL.-2 combination transduction did not have any an-
titumor effect on individual transduction. Vaccination with LLC-HSTK-GM-CSF increased the infiltration of

dendritic cells in the spleen.

Conclusion : It was concluded that a tumor vaccine transduced with HSTK and GM-CSF induces strong anti-
tumor iImmunity by activating the dendritic cells. ( Tuberculosis and Respiratory Diseases 2001, 51 : 135-146)

Key words : Gene therapy, Herpes simplex virus thymidine kinase, IL-2, GM-CSF, Adenovirus, Dendritic cell.
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1. S92

1) MEz= Y EE

A8 AM-E A¥FE= Lewis lung carcinoma
(LLC)Z C57BL/6 AF A =g oz 2AAsH
oF J¥Eg n3re] ATCC(Manasas, VA)olIA
dslgdct. A AMgE FEe C57BL/6 mouse &
Y o] SLCAWIA Fstgtt.

2) RTX ZHZ=E old|icHiolB A

A& ARR-E adenovirus-HSTK, adenovirus-
mGM-CSF, adenovirus-mIL-2& 2% & o174
oA A=), 1% adenovirus-HSTK 2] #) =}
Ay o3 2ot FYPAME AR Gt AlF
3t pMFG-HSTK plasmidE BamHIg2 Htisl]
HSTK ¢cDNA & ®2]§ ¥ Qiex kit(Qiagen) & ©]
43l o il ol mulo]2] 9] packag-
ing plasmid¢] pAC CMV pLpA¢] pUC19 poly-
linker& BamHIZ 93t 3 Qiex & o] &34 &5
2elslgth. HSTK cDNA %} BamHI= #}& pAC
CMV pLpAE& T4 ligased o|&3}d 16°CoA 12
A7} ligationd ¥ E-coli DH5¢0l 3243 (trans-
formation) & A3st4E . Ampicilling 313t LB
w2l A Fefm| =7t o]dE E-colid] 288 A
3} ¥ large scale preparation& £3l pAC-CMV-
HSTK plasmid& Wi 2al&lgc). o] Zelarjes
AFH7|MEEA7E o8-8l HSTK /2t A
3] A=l AdeAE gt o] pAC CMV
pLpA ¢} adenovirus type 5¢} #]& (genome) AH
& zta 9= pJM178& adenovirus type 52] El
geneo] Mo w A7 (transfection) o] )
= 293 A& (human renal embryonal cell) ol A
o Jitdedd Uyoz o o)F 293 A
¥E 2% FBSe] RPMId|A] uf ksl M EHHE
7} (cytopathic effect) 7} AJ71 21& &RIg F A=
£ RIAAH BF AZ%(homologous recombina-

tion) & E3l WHECA ad-HSTKE F&3lgic). o
wlojzias 293 M| E(20cm plate, 3070 )4 thak
ikt 3 CsCl 294888 B3 «F &83la
plague assay & o]-8-3l9 =& FH3IAUH".
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1) Het MlZ3(LLC)oll Chet olelicbtol2iA2| 2
LLCE viruse] 2 58 2 W4} 58 2447
iz 2 F sodium butyrate(5mM) 2 2] 3lHA]
100 moi(multiplicity of infection)e] o}d]=u}o]z]
2& 1A7 29212 F butyratert E3FE =]
Al 24417 v T

2) Adenovirus-HSTKof| 2|8t LLC2] ganciclovir
(GCV)oll cHt Z=N 7t pat
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(transduction) k1. b4 96 well plate(1x10%/
wel) & $71 A 24417t & v =& o] F%=(0, 0.05,
0.5, 5, 50, 500.M) ] GCVE ¥ 3sh= viA & ult
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M= & 333
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HATI0| LLCo| M B #Ysoll nlxls &
o BH
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Fig. 1. Increased sensitivity of the herpes sim-
plex thymidine kinase(HSTK) gene
transdu-ced Lewis lung cancer(LLC)
cells to ganciclovir. At a concentration
of 0.5¢:M of ganciclovir, the proportion
of surviving HSTK transduced -cells
falls below 20%.
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tumor vaccine 0 2 13} FA}ElH T 18 ok 3
e 592 GCVE 87 =2 438l UA 95
of 2 = U T A H3E B}
At

6) 71H gel
LLCE Ad-HSTK, Ad-HSTK+Ad-IL-2, 2 Ad

-HSTK+Ad-GM-CSF2 3 =% & 1.0x10°
AL 1ot 2o Falskn A 3ARRE 5
7 GCVE A2 @ the 795 AolA nde 1
s}t Mouses] 544 % 2] ®Ax42l CDllc 3]
2 SHEAGAL Aasl] ulgy CDllc W o
ET, & A2 Pa AEES VTt

7) A XNz
TYY 4 ExE A8 # 79 FAE two factor
factorial ANOVA test2 AZ3stgt}.

4 =

1. Adenovirus-HSTK o 2|t LLC2| ganciclovir
(GCV)ofl chgt Ze 52

LLCo| th3} Adenovirus-HSTK¢l| 2]3F HSTK¢]
FAEYL B A7l ol APdA Belalyy
(Ref. 7 Fig. 1 #&%).

GCVe] F=7} 0.05:MY wji= dhz=3d zlo]7}
SR ot 0.5 MAAEE] GCVe thek zAdo) 7
As| F7tetch(Fig. 1).
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Fig. 2. The bystander effect. When HSTK transduced LLC was not present, all tumor cells sur-
vived in spite of ganciclovir administration. When HSTK transduced LLCs comprised 5%
of the total cells, 40% of tumor cells died as a result of ganciclovir treatment. When half
the cells were HSTK transduced, 85% of cells died.

9J3t LLCE 34} C57BL/69] H3t ZH A=
opa LLCETh= #A|qt Foo] FAHUN(p<O0.
05 by Anova test). 22\ Ad-IL-2, Ad-HSTK,
Ad-HSTK+Ad-1L.-2 2 Ad-HSTK~+Ad-GM-
CSF7} 0|4l LLCE F9€ ¥AsA durh(Fig.
3).

4. X|2s7}

opiEe] LLC/ 2ok Al (tumor vaccine) &2 A}
429 F(R2P)d ¥siA Ad-HSTK 25, Ad-
IL-2 &= 9 Ad-HSTK+ Ad-IL-2 Ego2 o
Qs LLCE ZogmAN oz AMgd woll4 LLC $%
o] gFo] REAow AAEHAH(p<0.01) (Fig.
4). 2 o] Al 27l fel @ xelrt gl &
Ad-HSTK @ Ad-IL-2¢] 8§ 57} &5 FoR
oo AEE et Wy uhe-g fEdAe e
121t Ad-GM-CSFE ©]§)& LLCE FAMg ol

AN gz 2 Ad-HSTK 2o vls} Fge) A3
froasill AdAE A (p<0.01 : hET, p<0.05:
Ad-HSTK$} w]zA]). Ad-HSTK 2 Ad-GM-
CSF& A9 o] LLCE FAMS Tollas 2 H)
o] 28 BEo g FARE AF, 53 Ad-GM-CSF
ol HlshM = LLC F4e| A&o] A A=
2lth(p<0.001) (Fig. 5).
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o asbrt A Fvlshe g AAEAH. °
Ao 71Ae ¥l Y8 GM-CSF awe] 54
Q) AR (2 antigen presenting cell) 9] A&
v Aol A 243l ch. HSTK ©5% 9 HSTK, IL-2
B3l 17 pollAls CDllc gl FAMES A
5= gorout HSTK, GM-CSF 2§ X819
B4 CDllec ¥4 4 27t %ol B3
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Fig. 3. Changes in the tumorigenicity of LLC by transduction with HSTK, GM-CSF and IL-2.
All tumor cells transduced with HSTK, IL-2, HSTK + GM-CSF , and HSTK +IL-2 failed
to form a tumor mass when they were injected into the subcutaneous tissue of C57BL/6
mice and treated with GCV. However, wild type LLCs and LLCs transduced with GM-

CSF alone could form a tumor mass.
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Fig. 4. Inhibitory effect of HSTK and IL-2 transduction on established wild type LLC (treat-
ment). 1.0 X 10° of wild type-LLC were injected into the subcutaneous tissue. At day 7,
2.0 % 10° of the untransduced LLC(control), LLC-HSTK, LLC-IL~-2, and LLC-HSTK-IL
-2 were injected into the contralateral side and GCV was subsequently injected into the
peritoneum from day 10 to day 14. The sizes of tumors from the initial wild-type LL.C
were measured. Vaccination of LLC-HSTK, LLC-IL-2 and LLC-HSTK-IL-2 induced
moderate growth suppression of established wild type tumors. However, no significant
differences were found between the three groups. This indicates there is no evidence of
immune potentiation by a combination of HSTK and IL-2.

4olth, HSTK+ gnd 9ol ganciclovir(GCV)

¥3}sle] o2] FohnAl(guanosine) e} FAHEA
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ox i mo

)
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o] 73 2Fd| FARlL GCVE Folstman F4
Aol AAHE AL FHIYD. B A7elA
HSTK Azt ollslx] @2 LLCe= 473
GCV29| g3ke wx] gho} HSTK &zt olgld
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Fig. 5. Inhibitory effect of HSTK and GM-CSF transduction on established wild type LLC

(treatment). 1.0 X 10° of wild type-LLCs were injected into the subcutaneous tissue. At
day 7, 2.0 X 10° of untransduced LLC, LLC-HSTK, LLC-GM-CSF and LLC-HSTK-GM
-CSF were injected into the contralateral side and GCV was injected into the peritone-
um from day 10 to day 14. The sizes of the tumors from initial wild-type LLC were
measured. LLC-HSTK and LLC-GM-CSF induced moderate growth suppression of es-
tablished wild type tumors. However, LLC-HSTK-GM-CSF induced stronger growth
suppression of established tumors compared with LLC-HSTK and LLC-GM-CSF. This
means that a combination of HSTK and GM-CSF can potentiate antitumor immunity
against a wild type tumor.
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Fig. 6. Infiltration of dendritic Cells(CD11c+ : dark colored cells) in the spleen. The DCs were
densely infiltrated in the spleen of mice injected with the LLCs transduced with ad-
HSTK and Ad-GM-CSF. However, But little DCs were found in the spleen in mice inject-
ed with LLC transduced with Ad-HSTK or Ad-HSTK + Ad-IL-2, little DCs. This finding
suggested the mobilization of dendritic cells for an effective immune response.

A G AlEFIR] FAHAE ofql3le =44
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PN EE B3t F FF FA 7ol floix CD4*
TAZ9 =% §lo] 5% By o] FdH= A
o] RuEgo

GM-CSF& 7bF Z8sta e A&k 35%
HAuhs-g Fedttn ¢HA Yot HERZuo)z
w7} A (retroviral vector)E& o]&3 oj&] AlolEF}
¢lo] ¥l A3 A GM-CSF= 714 7433 gerd
A28 FE3 . 53 GM-CSF& =214 27}
professional antigen presenting cell2 ¥-3}sk= A
& gl 55 A4EAE 7K vt Lee §'%&
Ao #H¢ wAA adenovirus-GM-CSF & o| &3}
o] Lewis lung carcinoma celld] GM-CSF {3z}

& olddie W HINES] MESHYTHETI} A
TE3 ojn] BAE AWE w3 AW UL
HAFG 1 T FH 2 A2} AL3e AE F
Fatdrt.
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AdH oz WS A NEFE AFHoZ WY E
el 23 F=g & M EF9} He] "Yo] datn
o] o] 73l A Aol A LAY F= Lo} v
sl W AR £2 AHE 7| ofgR AEF
2 dEA o £ Ao Ui & AEFE A=
o,

24 LLCo IL-2(LLC-IL-2) && GM-CSF
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2 oju] Y4 oY LLCY) FYo] AUAR Az
 LLC, & 3uidle) 5oz 87} 8 5 2levt
sz Holth o AFM 2x1074e] LLCE F
AV 3 1398 7o Smm Fxo) ¥ud & %
ol FEE Ag AT v FEYNY FAE A
ZAEHI ol 1.0x10°719] LLCE FAlsln 3¢9
Fo] A8 AlFY old H¥CRY & o oe,
Brh Ao 77k d8elA X8E A8E Aol
LLC-HSTK, LLC-IL-29] ZAlS FEodFl 7o)
A ZTRY %] 4ol JAlEE Ao #EE
o1} 7|gigld LLC-HSTK-IL-22] oA LLC-
HSTK T& LLC-IL-2 X570 vls] X8 7o)
Ael7t glol B3 Agel a#es #EFE F Ut
(Fig. 4). 28\} GM-CSF9¢] 7994 LLC-GM
-CSF2 Az oA thxiell vjsf @4 3H(p<0.
01) A% 94 a7&8 B¥1 LLC-HSTK &7
HlEAE ol E A JAE BATH(p<0.05). 53
LLC-HSTK-GM-CSF& FA}st ol d= 38
=& vElY o A A% A ant dojvke

o

AE B3 Z|dYE 2 I anrt Sk
A& #EE 5 AU (Fig. 5).

oA FRzle) Al BRI fFRxle] B A
B BejM = 450 ¥uv) 9tk 199543 Chen §
& HAG AEFE o ol el AE o]
sted HSTK9} IL-2& FAldl Foisle] AESAT
HE77t Y451 g A} dolvks AL S8l
RoH”. & o] APzle 919 mdld GM-CSF& 3
7¥ete] A&2Ql gt WY whgo] Uolde FPsEly
t}.
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