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Combination Gene Therapy of Herpes Simplex Virus Thymidine Kinase
and Cytokines in Lung Cancer
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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-I1L-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-11.-2, ad-GM-CSF showed a lower /% 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 immunity 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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23] AklEe deAE g8, o] pAC CMV
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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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7) A Az
%9 4% &x& o8 7 79 AHE two factor
factorial ANOVA testE 723190}
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1. Adenovirus-HSTK 0| 2[gt LLC2] ganciclovir
(GCV)oll chgt zt=d B2

LLCY} o3 Adenovirus-HSTK¢| 23t HSTK<)
PAEQLS B A7 o)d AFdA glsidoH
(Ref. 7 Fig. 1 =),

GCVel 527} 0.05iMY e Bzt Hol7}
ot 0.5 MoARE] GCV g 3ol |
43| F7pstddth(Fig. 1).

2. Mixed population culture® E$§ adenovirus-
HSTK 2| bystander &3}2] &

PaArydo] B dAE7 5% 41¢ welloll A 40%
o] QM ¥V} Z1 BAEY dAEIE 50% 42 well
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At BEEAH(Fig. 2).
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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.

9% LLCE FAKG C57BL/69] ¥3l A=
o LLCHvE: A9t Fo] A=A (p<0.
05 by Anova test). Z12j1} Ad-IL-2, Ad-HSTK,
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CSF7} o]9)dl LLCE £%e 346k ¥k} (Fig.
3.
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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 +1L-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.

th(Fig. 6).
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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 LLC
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 1L-2.
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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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T&ﬂ}?}% T glo] B WY o] gAYE A
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GM-CSF& 71 Z9sla o A&ek= g5
AANE-E ST G A Qo dEanlelga
ri7h A (retroviral vector)& o]4-8 ojg] Alolxv}
elel Blal H&ox GM-CSF& 714 Zest aoxomg
A& F=sITt. 58 GM-CSFe& 4
professional antigen presenting cell2 2351= A
& F08h=E 553 42 E AL Q) Lee S0

Fel #o+ 2edlA adenovirus-GM-CSFZ o

Jo 9
N o\:o
ol

=

Ad- HSTK +Ad IL 2

Ad HSTK + Ad GM CSF

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.
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Z o|n| FAH oY F LLC2 &E9o] SAx2 g
# LLC, & Fue) Rz A57} B % vt
Sh= z4o]q ol AN 2x10%)9) LLCE =
AR ¥ 1594¢ 708 Smm o) vz & F
ol w% A& S the TP FALE A
29 o]= 1.0x10°0e] LLCE FApla 3¢
Tl A5E ARRE o]d AFEY F o ofle,
Brp dAlel] 77k dRlM ABE Al E Aolth
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A xR F¢e] 3ol JAIEE o] AFE
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Aok glol B Aze) ave BIT & Ui
(Fig. 4). 18} GM-CSF¢] 79-9A+= LLC-GM
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01) A% Al 295 293 LLC-HSTK X &3
HSiM S o3 A AAlE 2ATH(p<0.05). 53
LLC-HSTK-GM-CSF& FAlgt 294 &% X8
=9 HlsiA o AEF 47 A gt Gelue
FEste] 7P = I wIt Ik
228 5 YAt (Fig. 5).
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