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Chemotherapy, IL-12 gene therapy and
combined adjuvant therapy of HPV 16-associated
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Abstract. Moderately immunogenic HPV 16-associated
murine tumour cell line mimicking human HPV 16-associated
neoplasms TC-1 (MHC class I*) and its variants, TC-1/P3C10
and TC-1/A9, with a marked down-regulation of MHC I
molecules, were used to examine the effect of local interleukin
12 (IL-12) gene therapy for the treatment of early tumour
transplants and minimal residual tumour disease obtained
after cytoreductive chemotherapy (CMRTD). Experiments
were designed to examine whether down-regulation of MHC
class I molecules plays a role during chemotherapy and gene
therapy of early tumour transplants. It was found that
peritumoral administration of IL-12-producing tumour cell
vaccines (single dose, day 8 after tumour cell administration)
inhibited the growth of both TC-1 (MHC class I positive)
tumours and their MHC class I-deficient variants. To
investigate the antitumour effects in a clinically relevant
setting, IL-12 gene therapy was utilised for the treatment of
minimal residual tumour disease after cytoreductive chemo-
therapy. Intra-peritoneal treatment of tumour-bearing mice
with ifosfamide derivative, CBM-4A, produced a significant
tumour-inhibitory effect. This treatment was followed by
peritumoral s.c. administration of genetically modified TC-1
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(MHC class I positive) or MK16/I/TITABC (MHC class 1
negative) vaccines producing IL-12 (single dose, day 7 after
chemotherapy) or with recombinant interleukin 12 (rIL-12)
in two cycles of 5 daily doses (days 8-19) after chemotherapy.
This combined therapy significantly inhibited the growth
of TC-1 and TC-1/A9 (MHC class I') tumours. When the
combined therapy of TC-1 (MHC class I positive) tumours
was followed by peritumoral administration of bone marrow
dendritic cell (BMDC) vaccines, the IL-12-mediated inhibitory
effect was significantly boosted. In the next set of experiments,
the impacts of chemotherapy and IL-12 adjuvant therapy on
MHC class I surface expression were assessed. Chemotherapy
and gene therapy of tumours led to the up-regulation of MHC I
expression on MHC class I-deficient tumours (TC-1/A9 and
TC-1/P3C10) and to down-regulation on MHC I-proficient
tumours (TC-1). These findings indicate that the MHC I pheno-
type is not stable during tumour progression and treatment.
Collectively, these results illustrate the efficacy of IL-12 gene
therapy in combination with chemotherapy on HPV-associated
tumours regardless of the level of MHC class I expression on
the tumour cells.

Introduction

Interleukin 12 has been described to be a potent inducer of
antitumour immunity and has been found to be one of the
most important cytokines for cancer therapy. Depending upon
the tumour system, differential effectors, such as natural killer
(NK) cells, cytotoxic T cells or T helper (Th) cells can be
stimulated and may be involved in the antitumour response
generated either by IL-12 alone (1) or after chemotherapy
(2-4).

The antitumour efficacy of local IL-12 treatment can be
successfully potentiated with the administration of dendritic
cells alone (5) or also with dendritic cells engineered to produce
IL-12 (6,7). To minimize the toxic effects of systemically
administered rIL-12, gene-therapy approaches for IL-12
delivery are under intensive investigation (8).

Most immunotherapeutic protocols are based on activation
of potential primary defence effector mechanisms, such as
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CD8* cytotoxic T lymphocytes, which are capable of recog-
nizing and killing MHC class I* tumour cells. However, since
the down-regulation of MHC class I molecules is one of the
most important mechanisms that allow the tumour cells to
escape from the immune system, alternative immunotherapeutic
strategies must be developed.

In our previous studies using an experimental model of
HPV 16-associated murine neoplasms, we found that their
phenotype is not stable and may change during tumour
progression and therapy. The in vivo administration of
interferon y (IFNy) into the vicinity of growing tumours
leads to the up-regulation of MHC class I expression and
can inhibit tumour growth (9,10). Furthermore, it has been
described that MHC class I-deficient tumours are at least
partially susceptible to cytokine treatment. It has been found
that MK 16 (MHC class I negative) cells are sensitive to
therapy with some immunomodulatory cytokines, but often to
a lesser degree than MHC I-positive tumours of the same
aetiology (11,12).

In this report, we have demonstrated the effectiveness
of local immunotherapy with genetically modified tumour
cell vaccines expressing HPV16 E6 and E7 oncogenes and
engineered to produce IL-12 on the growth of early tumour
transplants of HPV 16-associated tumours and on the recur-
rences after cytoreductive chemotherapy. The changes in
MHC class I expression during tumour growth and therapy
were monitored.

Materials and methods

Mice. B6 male mice, 8-10 weeks old, were obtained from
AnLab Co., Prague, Czech Republic.

Cell lines. The murine malignant, non-metastasizing, MHC I*
cell line, TC-1, immunogenic in syngeneic B6 mice, was
established by co-transfection of primary cultures of B6 lung
cells with activated ras and HPV16 E6/E7 DNA (13). The
TC-1/P3C10 (P3C10) cells, displaying a marked down-
regulation of MHC class I molecules, were prepared by
repeated passages of TC-1 tumour cells into Vac-Sig/E7/
LAMP-1-vaccinated mice. The TC-1 and P3C10 cells were
kindly provided by the laboratory of Dr T.C. Wu (Dr Chien-
Fu Hong), Johns Hopkins University, Baltimore, MD. The
cloned MHC I TC-1/A9 tumour cell subline was developed
in a similar way; to obtain TC-1 cells with down-regulated
expression of MHC class I molecules, cell sublines were
prepared from tumours formed in mice preimmunized
repeatedly with HPV16 E7-containing plasmid DNA. The
selected cloned subline without surface MHC class I expression
was designated as TC-1/A9 cells (9,14).

The IL-12 gene modified cells, MK16-IL-12 (241/clone 33)
and TC-1-IL-12 (231/clone 15), were derived from a thymidine
kinase-negative subline of MK16/I/IITABC (MK16) (15)
and the TC-1 cells, respectively. The MK-IL-12 cells were
isolated after transduction with bicistronic recombinant adeno-
associated virus carrying the genes for herpes simplex type 1
thymidine-kinase (HSV TK) and mouse IL-12 in the hypo-
xanthine-amonopterin-thymidine (HAT) medium, similarly
as the other gene-modified MK16 cells (16). The TC-1-IL-12
cells were isolated after transfection with bicistronic plasmids
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carrying the same two genes in the HAT medium (Vonka and
Sobotkova, unpublished data). The gene modified cells were
not oncogenic for syngeneic animals and were highly sensitive
to gancyclovir, this confirming the production of HSV TK.
The transduced cells used for vaccination produced in vitro
40 ng IL-12/1x105 cells/ml medium/48 h.

The cell lines were maintained in RPMI-1640 medium
supplemented with 10% foetal calf serum, 2 mM L-glutamine
and antibiotics (complete medium). For the transduced cell
lines, HAT selection medium was used. The TC-1/A9 cells
were maintained in D-MEM medium, also supplemented with
10% foetal calf serum, 2 mM L-glutamine and antibiotics.
The cell lines were cultured at 37°C in a humidified atmosphere
with 5% CO,.

Cytokines. For therapeutic experiments, 0.25 pg/dose, twice
a day, of human rIL-12 (R&D Systems, Minneapolis, MN)
was used. Cytokine was administered after dilution in PBS
containing 1% bovine serum albumin. Control mice were
injected with cytokine diluents only.

Bone marrow-derived dendritic cells. Bone marrow-derived,
immature dendritic cells (BMDC) were prepared using a
method described by Lutz ez al (17) and modified by Mendoza
et al (18). Briefly, male B6 bone marrow-derived dendritic
cell precursors were cultivated for 7 days in complete RPMI-
1640 medium supplemented with mercaptoethanol (10 M),
10 ng/ml GM-CSF (R&D Systems) and 10 ng/ml IL-4 from
the supernatants of murine genetically engineered X63-m-IL-4
cells (19).

Local treatment of early tumours. For therapy of the tumours,
the B6 mice were inoculated s.c. on day 0 with 2-5x10* tumour
cells. On day 7, the mice were injected with 1.5x107 irradiated
cells (150 Gy) producing IL-12 (TC-1-IL-12 or MK16-IL-12)
or control vaccines (TC-1, MK16), and the growing tumours
were checked twice a week.

Treatment of mice after cytoreductive chemotherapy. For
therapy of CMRTD, B6 mice were inoculated s.c. with 1x103
tumour cells. After 20 days, when the tumours reached a size
of 2-3 mm in diameter, the mice were injected i.p. with 150 mg/
kg of bromine-substituted derivative of ifosfamide CBM-4A
(racemic chlorobromofosfamide) preparation (20-22). Eight
days later, the experimental mice were injected twice a day,
for 5 days, with rIL-12 (daily dose 0.5 pg/mouse), and this
cycle was repeated. Alternatively, the experimental mice were
injected with a single dose of IL-12-producing, irradiated
(150 Gy) TC-1 or MK16 cells (1.5x107 cells per mouse), in
the vicinity of the s.c. tumours, and/or with a single dose of
BMDC (3x10°¢ cells/mouse). The growing tumours were
checked twice a week.

Flow cytometry. To examine MHC class I expression on
tumour cells, the growing tumours (about 1 cm in diameter)
were explanted, minced and cultivated in vifro in complete
RPMI medium. After 5-8 days of cultivation, the growing
cells were collected. The MHC class I molecule expression
on the tumour cells was determined by flow cytofluorometry
with FITC-labelled anti-mouse H-2K"H-2D® mAb (clone
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Figure 1. Local effect of IL-12-producing vaccines on the growth of early
tumour transplants. (a) p<0.001, controls x MK16-IL-12 vaccine; p<0.01,
controls x TC-1-IL-12 vaccine. (b) p<0.001, controls x MK16-IL-12 vaccine;
p<0.01, controls x TC-1-IL-12 vaccine. (¢) p<0.05, controls x MK16-IL-12
vaccine; p<0.01 controls x TC-1-IL-12 vaccine.

28-8-6, PharMingen, San Diego, CA) and FITC-conjugated
goat anti-mouse Ig antibody. As an isotype control, FITC-
labelled antibody of irrelevant specifity (clone G 155-178,
PharMingen) was used. The cells were incubated with the
mAb at a concentration of 4 yg/ml at 4°C for 30 min. Flow
cytometry was performed using an ELITE flow cytometer
(Coulter, Miami, FL).

Statistical analyses. For statistical analyses, the analysis of
variance from the Number cruncher statistical system (NCSS;
Kaysville, UT) statistical package was used. For comparison
of tumour takes in experimental and control groups, the x?
test was also used.
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Figure 2. Chemotherapy-induced residual tumour disease: effect of peri-
tumoral administration of recombinant IL-12 and IL-12-producing vaccines.
(a) p<0.001 (p<0.05 - 52 test), controls x chemotherapy only (data not shown);
p<0.05, chemotherapy only x chemotherapy + rIL-12; p<0.05, chemotherapy
only x chemotherapy + MK16-IL-12; p<0.01, chemotherapy only x chemo-
therapy + TC-1-IL-12. (b) p<0.01, controls x chemotherapy only (data not
shown); p<0.05, chemotherapy only x chemotherapy + MK 16-IL-12; p<0.05,
chemotherapy only x chemotherapy + TC-1-1L-12.

Results

Local effect of IL-12-producing vaccines on the growth of
early tumours. Mice were inoculated s.c. with TC-1 (MHC
class I*), TC-1/P3C10 (with a partial down-regulation of MHC
class I molecules) or with TC-1/A9 (MHC class I") tumour
cells and the tumour-inhibitory effect of local treatment with
IL-12-producing vaccines was investigated. Mice were s.c.
inoculated with 2-5x10* tumour cells and injected on day 7
with a dose of 1.5x107 irradiated control (MK16, TC-1) or
IL-12-producing vaccines (MK16-IL-12 or TC-1-IL-12). As
can be seen in Fig. 1, treatment with one injection of IL-12
gene-modified vaccines significantly inhibited tumour growth
as compared to the untreated controls. No significant difference
in the efficacy of TC-1-IL-12 and MK16-IL-12 vaccines was
found. The treatment with the irradiated control vaccines
(MK16, TC-1) was without any effect (data not shown).

Therapy of CMRTD with peritumoral administration of
recombinant IL-12 or IL-12- producing vaccines. Mice were
inoculated s.c. with TC-1 (MHC class I*) or with TC-1/A9
(MHC class I') cells. On day 15-20, when the tumours reached
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Figure 3. Chemotherapy-induced residual tumour disease: combined effect
of peritumoral administration of recombinant IL-12 and BMDC. (a) p<0.001,
controls x chemotherapy only; p>0.05, chemotherapy only x chemotherapy +
BMDC; p<0.05, chemotherapy only x chemotherapy + rIL-12; p<0.001
(p<0.05 - 32 test), chemotherapy only x chemotherapy + rIL-12 + BMDC;
p<0.001 (p<0.05 - 2 test), chemotherapy + rIL-12 x chemotherapy + rIL-12 +
BMDC. (b) p<0.01, controls x chemotherapy only (data not shown); p<0.05,
chemotherapy only x chemotherapy + BMDC; p<0.05, chemotherapy only x
chemotherapy + rIL-12; p<0.05, chemotherapy only x chemotherapy +
rIL-12 + BMDC; p>0.05, chemotherapy + rIL-12 x chemotherapy + rIL-12 +
BMDC.

a palpable size of 2-3 mm in diameter, the tumour-bearing
mice were injected i.p. with the ifosfamide-derivative, CBM-
4A, and divided into experimental and control groups. Eight
days after chemotherapy, the experimental mice were injected
peritumorally with a single dose of IL-12-producing vaccines
or with repeated daily doses of rIL-12. The treatment with the
cytostatic (chemotherapy only group) resulted in a significant
tumour-inhibiting effect in comparison with untreated controls
(data not shown). As can be seen in Fig. 2, this effect was
further significantly potentiated by therapy with IL-12-
producing cells or rIL-12. No significant difference in the
efficacy of rIL-12, TC-1-IL-12 and MK16-IL-12 vaccines was
found.

Combined effect of peritumoral administration of rIL-12 and
BMDC. Eight days after chemotherapy, experimental mice
were injected peritumorally with a single dose of 3x10° BMDC
and/or with two cycles of five daily doses of rIL-12 (Fig. 3a).
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The combined adjuvant therapy completely inhibited the
growth of TC-1 tumours minimized with chemotherapy.
However, administration of this combined adjuvant therapy
did not improve the effect of monotherapy with rIL-12 on
TC-1/A9 (MHC class I') tumours, although the single dose
of BMDC in the group of chemotherapeutically pretreated
mice significantly inhibited the growth of TC-1/A9 tumours
(Fig. 3b).

Changes of MHC class I molecule expression during
progression and therapy. Growing tumours of mice from the
experimental and control groups were explanted, minced and
grown in vitro for 5-8 days to remove the infiltrating cells.
The expression of MHC class I molecules was then analysed
by flow cytometry. It was found (Fig. 4) that the expression
of MHC class I molecules on TC-1 (MHC class I*) tumour
cells was decreased during the temporal growth in vivo.
Decreasing expression of MHC class I molecules was also
observed in recurrences after cytoreductive chemotherapy
(Fig. 4b) and after treatment with IL-12-producing vaccines
(Fig. 4a).

The TC-1/P3C10 cells, exhibiting in vitro a marked
down-regulation of MHC class I molecules, moderately
up-regulated the expression of MHC I during the temporal
growth in vivo, as well as after immunotherapy with IL-12-
producing vaccines (Fig. 4a). Only negligible up-regulation
was found after temporal growth in vivo of TC-1/A9 (MHC
class I) tumour cells. After cytoreductive chemotherapy or
treatment with IL-12-producing vaccines, moderate up-
regulation of the expression of MHC I was detected (Fig. 4).
No up-regulation of the expression of MHC class II, CD80,
CD86, CD11b and CD11c molecules was observed (data not
shown).

Discussion

The expression of MHC class I molecules on the surface of
tumour cells is an important factor in the immune defence
against tumours and its down-regulation is one of the basic
mechanisms by which the tumour evades classical T-cell
dependent immune response (23-25).

It has been repeatedly demonstrated that a high proportion
of HPV 16-associated tumours derived from MHC class I
positive precursors are MHC class I deficient. So, the design
of the therapeutic strategies has to be modified according to
their often changeable MHC class I status. It has been shown
that cancer cellular vaccines engineered to produce cytokines
can be used generally against a broader spectrum of tumours
of the same origin, including MHC class I-deficient tumours
(26).

In this study, we used three types of TC-1 tumour
mimicking the MHC class I-positive or MHC class I-deficient
HPV-associated human tumours. MHC class I-positive TC-1
tumours, as well as their MHC class I-deficient variants,
were sensitive to the gene therapy with IL-12-producing
vaccines in the treatment of both early tumour transplants
and CMRTD. We used two types of vaccine engineered to
produce IL-12, based on TC-1 (MHC class I proficient) and
MK16 (MHC class I deficient) HPV 16-associated tumours.
Both of these tumour cells are of the same haplotype (H-2)
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Figure 4. Changes in MHC class I expression of HPV 16-associated tumours with different expression of MHC class I molecules. (a) After therapy with IL-12-
produced vaccines. (b) After chemotherapy. “FACS analysis was repeated four times with independent individual tumours with similar results. ®Mean tumour area

of individual tumours explanted for FACS analysis was 0.50-1.20 cm?.

and express HPV16 E6/E7 genes, but they did not immuno-
logically cross-react in immunization/challenge experiments
(26). Both vaccines were found to be effective for monotherapy
as well as for the adjuvant therapy of CMRTD of MHC class I-
proficient and -deficient HPV 16-associated tumours.

In gene-therapy experiments, IL-12 has been shown to be
more effective in antitumour activity as compared to other
cytokines used in the same therapeutic schemes. IL-12 is able

to enhance the effect of chemotherapy (2.4) or to improve the
therapeutic efficacy of BMDC (5,6). Since T cells as well as
NK cells, NKT cells and/or macrophages may be involved in
the antitumour response generated by IL-12, this cytokine
could also be effective in the therapy of some MHC class I-
negative tumours (24).

In most previous experiments with HPV-associated MHC
class I-positive TC-1 tumours, a single injection of irradiated
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genetically modified tumour vaccines producing a relatively
low amount of cytokines (40-100 ng of cytokine/ 1x10° cells/
ml medium/48 h) was efficient. In contrast, in experiments
with the MHC class I tumour, MK 16, treatment with the same
irradiated genetically modified tumour vaccines producing
the same amount of cytokines was efficient only in some
therapeutic schemes (12,27), despite the fact that local peri-
tumoral administration of rIL-2 or IL-12 usually resulted in
significant inhibition of tumour growth (12,20,21,28). In this
study, no significant differences in the efficacy of the treatment
between MHC class I-negative TC-1/A9 and -positive TC-1
were observed.

Significant differences were observed in the treatment
of MHC class I-deficient and -proficient tumours in previous
experiments when immature BMDC were used as adjuvants to
the effect of combined chemo-immunotherapy. This therapy
was successful only on TC-1 (MHC class I*) and not on MK 16
(MHC class I') tumour recurrences obtained after surgical
therapy (12). These data suggest that the distinct sensitivity
between MK 16 and TC-1 cells could not be explained only by
differences in the MHC class I expression on these tumours.

Furthermore, we have confirmed the moderate up-
regulation of MHC class I molecules after immunotherapy in
the sublines with down-regulated expression of MHC class I
molecules (9). Moreover, data from this study revealed that
minimization of established tumours with cytoreductive chemo-
therapy also was associated with up-regulation of MHC I
molecules. These findings may be of essential importance for
selection and optimising the immunotherapy strategies suitable
after chemotherapy.

Immunotherapy with IL-12-producing vaccines leads to
up-regulation of MHC class I molecules. This up-regulation
of MHC class I expression could be due to the production of
IFNy in the vicinity of the growing tumour (10), which could
be supported by IL-12 administration. On the other hand,
parental MHC class I-positive tumour cells, TC-1, exhibited
moderate down-regulation of MHC class I molecules after
temporal growth in vivo, as well as after chemotherapy or
immunotherapy, and this favouring the escape from the
immunological defence of T cell-mediated mechanisms.

Taken together, both types of IL-12-producing vaccines,
as well as rIL-12, are effective for the therapy of HPV 16-
associated, MHC class I-positive tumours (TC-1) as well as
for the treatment of MHC class I-deficient tumours (P3C10,
TC-1/A9). Moreover, IL-12 gene therapy boosted the efficacy
of the cytoreductive chemotherapy. The combined chemo-
immunotherapy of TC-1 (MHC class I positive tumours) could
be further augmented by BMDC administration. The findings
on the modulation of MHC class I expression during the
growth and immunotherapy of early established tumour
transplants as well as tumours minimized after chemotherapy
give useful information for elaborating the optimal immuno-
therapeutic strategies for the treatment of HPV 16-associated
tumours.

Acknowledgements
This work was supported in part by the Academy of Sciences

of the Czech Republic (project no. AV0250520514), the Grant
Agency of the Ministry of Health of the Czech Republic

INDROVA et al: CHEMOTHERAPY, IL-12 GENE THERAPY AND COMBINED ADJUVANT THERAPY

(grants NR/7807-3 and NR/8004-3), the Ministry of Scientific
Research Information Society Technologies (KBN) of the
Republic of Poland (grant PBZ-KBN-091/P05/2003), the Joint
project under the agreement of scientific cooperation between
PAN and AS CR (2003-2008) and the League Against Cancer,
Prague. We are grateful to Professor Jan Bubenik for his
helpful comments during the preparation of the manuscript,
to Mrs. Rendta Tureckovd and Marie Maleckova for their
skilful technical assistance and to Dr Sdrka Takacova for
editorial help.

References

1. Smyth MJ, Taniguchi M and Street SE: The anti-tumor activity
of IL-12: mechanisms of innate immunity that are model and
dose dependent. J Immunol 165: 2665-2670, 2000.

2. Golab J, Zagozdzon R, Kaminski R, Kozar K, Gryska K, Izycki D,
Mackiewicz A, Stoklosa T, Giermasz A, Lasek W and
Jakobisiak M: Potentiatied antitumor effectiveness of combined
chemo-immunotherapy with interleukin-12 and 5-fluorouracil of
L1210 leukemia in vivo. Leukemia 15: 613-620, 2001.

3. Le HN, Lee NC, Tsung K and Norton JA: Pre-existing tumor-
sensitized T cells are essential for eradication of established
tumors by IL-12 and cyclophosphamide plus IL-12. J Immunol
167: 6765-6772,2001.

4. Segal JG, Lee NC, Tsung YL, Norton JA and Tsung K: The role
of IFN-gamma in rejection of established tumors by IL-12: source
of production and target. Cancer Res 62: 4696-4703, 2002.

5. Tatsumi T, Takehara T, Kanto T, Miyagi T, Kuzushita N,
Sugimoto Y, Jinushi M, Kasahara A, Sasaki Y, Hori M and
Hayashi N: Administration of interleukin-12 enhances the
therapeutic efficacy of dendritic cell-based tumor vaccines in
mouse hepatocellular carcinoma. Cancer Res 61: 7563-7567, 2001.

6. Rodriguez-Calvillo M, Duarte M, Tirapu I, Berraondo P,
Mazzolini G, Qian C, Prieto J and Melero I: Upregulation of
natural killer cells functions underlies the efficacy of intra-
tumorally injected dendritic cells engineered to produce
interleukin-12. Exp Hematol 30: 195-204, 2002.

7. Miller G, Lahrs S, Shah AB and De Matteo RP: Optimization of
dendritic cell maturation and gene transfer by recombinant
adenovirus. Cancer Immunol Immunother 52: 347-358, 2003.

8. Melero I, Mazzolini G, Narvaiza I, Qian C, Chen L and Prieto J:
IL-12 gene therapy for cancer: in synergy with other immuno-
therapies. Trends Immunol 22: 113-115, 2001.

9. Mikyskovad R, Bubenik J, Vonka V, Smahel M, Indrovd M,
Bieblova J, Simovd J and Jandlovd T: Immune escape pheno-
type of HPV16-associated tumours: MHC class I expression
changes during progression and therapy. Int J Oncol 26: 521-527,
2005.

10. Mikyskovd R, Bieblova J, Simovd J, Indrovda M, Jandlova T,
Vonka V, Smahel M, Bubenik J and Mendoza L: Local IFN-
gamma therapy of HPV16-associated tumours. Folia Biol (Praha)
49:26-32,2003.

11. Indrovd M, Bubenik J, Mikyskovd R, Vonka V, Smahel M,
Z4k R, Simova J, Bieblovd J, Mendoza L and Jandlov4 T:
Tumour inhibitory and antimetastatic effect of IL-2 in mice
carrying MHC class I' tumours of HPV 16 origin. Int J Oncol 20:
643-646,2002.

12. Bubenik J, Mikyskovd R, Vonka V, Mendoza L, Simov4 J,
Smahel M and Indrovd M: Interleukin 2 and dendritic cells as
adjuvants for surgical therapy of tumours associated with
human papilloma virus type 16. Vaccine 21: 890-896, 2003.

13. Lin KY, Guarnieri FG, Staveley-O'Carroll KF, Levitsky HJ,
August JT, Pardoll DM and Wu TC: Treatment of established
tumors with a novel vaccine that enhances major histo-
compatibility class II presentation of tumor antigen. Cancer
Res 56: 21-26, 1996.

14. Smahel M, Sima P, Ludvikova V, Marinov I, Pokornd D and
Vonka V: Immunisation with modified HPV16 E7 genes against
mouse oncogenic TC-1 cell sublines with downregulated
expression of MHC class I molecules. Vaccine 21: 1125-1136,
2003.

15. Smahel M, Sobotkova E, Bubenik J, Simova J, Zdk R,
Ludvikova V, Hijkovd R, Kovarik J, Jelinek F, Povysil C,
Marinov I and Vonka V: Metastatic MHC class [-negative
mouse cells derived by transformation with human papillo-
mavirus type 16. Br J Cancer 84: 374-380, 2001.



16.

17.

18.

19.

20.

21.

INTERNATIONAL JOURNAL OF ONCOLOGY 28: 253-259, 2006

Jinoch P, Zak R, Janouskova O, Rittich S, Duskovd M,
Sobotkova E, Marinov I, Andelovda M, Smahel M and Vonka V:
Immunization with live HPV-16-transformed cells expressing
the herpes simplex thymidine kinase and either GM-CSF or IL-2.
Int J Oncol 23: 775-783, 2003.

Lutz MB, Kukutsch N, Ogilvie AL, Rossner S, Koch F, Romani N
and Schuler G: An advanced culture method for generating
large quantities of highly pure dendritic cells from mouse bone
marrow. J Immunol Methods 223: 77-92, 1999.

Mendoza L, Bubenik J, Simova J, Jandlova T, Vonka V and
Mikyskovéa R: Prophylactic, therapeutic and anti-metastatic
effects of BMDC and DC lines in mice carrying HPV 16-
associated tumours. Int J Oncol 23: 243-247, 2003.
Karasuyama H and Melchers F: Establishment of mouse cell
lines which constitutively secrete large quantities of interleukin
2, 3,4 or 5, using modified cDNA expression vectors. Eur J
Immunol 18: 97-104, 1988.

Indrovd M, Bubenik J, Simova J, Bieblova J, Jandlova T,
Smahel M, Vonka V, Glazman-Kusnierczyk H, Pajtasz-
Piasecka E, Radzikowski C and Mikyskova R: Chemoimmuno-
therapy of cancer: potentiated effectiveness of granulocyte-
macrophage colony-stimulating factor and ifosfamide derivative
CBM-4A. Oncol Rep 8: 1371-1374,2001.

Indrovd M, Bubenik J, Mikyskovd R, Mendoza L, Simova J,
Bieblova J, Jandlova T, Jinoch P, Smahel M, Vonka V and
Pajtasz-Piasecka E: Chemoimmunotherapy in mice carrying
HPV-16 associated, MHC class I and MHC class I tumours:
effects of CBM-4A potentiated with IL-2, IL-12, GM-CSF and
genetically modified tumour vaccines. Int J Oncol 22: 691-695,
2003.

22.

23.
24.

25.

26.
217.

28.

259

Mikyskova R, Indrovd M, Simova J, Jandlovd T, Bieblova J,
Jinoch P, Bubenik J and Vonka V: Treatment of minimal
residual disease after surgery or chemotherapy in mice carrying
HPV16-associated tumours: cytokine and gene therapy with IL-2
and GM-CSF. Int J Oncol 24: 161-167,2004.

Connor ME and Stern PL: Loss of MHC class I expression in
cervical carcinomas. Int J Cancer 46: 1029-1034, 1990.

Garrido F, Ruiz-Cabello F, Cabrera I, Perez-Villaz JJ, Lopez-
Botet M, Duggan-Keen M and Stern PL: Implications for
immunosurveillance of altered HLA class I phenotypes in
human tumours. Immunol Today 18: §9-95, 1997.

Hicklin DJ, Marincola FM and Ferrone S: HLA class I antigen
downregulation in human cancers: T cell immunotherapy revives.
An old story. Mol Med Today 5: 178-186, 1999.

Bubenik J: Tumour MHC class I downregulation and immuno-
therapy (Review). Oncol Rep 10: 2005-2008, 2003.

Simova J, Mikyskovd R, Vonka V, Bieblovd J, Bubenik J and
Jandlova T: MHC class I* and class I HPV16-associated tumours
expressing the E7 oncoprotein do not cross-react in immunization/
challenge experiments. Folia Biol (Praha) 49: 230-234, 2003.
Mikyskovd R, Bubenik J, Mendoza L, Vonka V, Smahel M,
Simova J and Jandlova T: Local cytokine treatment of HPV16-
associated tumours results in inhibition of their lung metastases.
Clin Exp Metastasis 18: 581-587,2001.



