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Summary In the endeavour to develop a model for studying gene therapy of cancers associated with human papillomaviruses (HPVS),
mouse cells were transformed with the HPV type 16 (HPV16) and activated H-ras oncogenes. This was done by contransfection of plasmid
p16HHMOo, carrying the HPV16 E6/E7 oncogenes, and plasmid pEJ6.6, carrying the gene coding for human H-ras oncoprotein activated by
G12V mutation, into secondary C57BL/6 mouse kidney cells. An oncogenic cell line, designated MK16/1/IIABC, was derived. The epithelial
origin of the cells was confirmed by their expression of cytokeratins. No MHC class | and class Il molecules were detected on the surface of
MK216/1/I1IABC cells. Spontaneous metastases were observed in lymphatic nodes and lungs after prolonged growth of MK16/1/I11IABC-
induced subcutaneous tumours. Lethally irradiated MK16/1/1IIABC cells induced protection against challenge with 105> homologous cells, but
not against a higher cell dose (5 x 10°). Plasmids p16HHMo and pEJ6.6 were also used for preventive immunization of mice. In comparison
with a control group injected with pBR322, they exhibited moderate protection, in terms of prolonged survival, against MK16/1/IIABC
challenge (P < 0.03). These data suggest that MK16/1/IIIABC cells may serve as a model for studying immune reactions against HPV16-
associated human tumours. © 2001 Cancer Research Campaign http://www.bjcancer.com
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Human papillomaviruses (HPVs) are small DNA viruses thatl997a, 1997b), intensive search is still going on for suitable labor-
comprise over 100 types. Some of them, so-called high-risk HPVstory models in which the various parameters of immunity against
are oncogenic. They are aetiologically linked with cervical carcinHPV-induced tumours could be investigated. We reported previ-
oma (CC) and probably also with some other human cancers (zously the isolation of oncogenic Syrian hamster cell lines after
Hausen, 1996). The type most frequently associated with humaransfection of secondary kidney cells with HP\EG/E7 genes
cancer is HPV16. It is detected in 50-60% of CC cases (Boscand activatedH-ras oncogene and described specific immune
et al, 1995). reactions (both humoral and cell-mediated) in animals bearing
Worldwide, CC is the second most common malignancy irntumours elicited by these cells (Kitasato et al, 1996). In a subse-
women, with approximately 500 000 new cases diagnosed eacfuent study (Bubenik et al, 1996), protection against challenge
year (Parkin et al, 1993). The mortality rate is about 60%. Becauseith these cells was induced by inoculation of irradiated homolo-
of the strength of the CC-HPV association, both prophylactic andous tumour cells, and this immunity was significantly enhanced
therapeutic vaccines against HPVs are being developed (Vonkby the simultaneous administration of mouse interleukin-2 (mlL-
1996; Jochmus et al, 1999; van Driel et al, 1999). The only HP\2); we had previously shown that mIL-2 was as effective in the
proteins expressed in CC, as well as in cells transformed in vitrdyamster system as in the mouse system (Sobotkova et al, 1996). In
are the non-structural proteins E6 and E7, which are involved botbther experiments we presented evidence that protection against
in the malignant transformation of cells and in maintenance of theumour development could also be induced by the simultaneous or
transformation state (Galloway and McDougall, 1996). Thepreceding inoculation of HPV16-transformed hamster cells
expression levels of E6 and E7 correlate with their oncogeniexpressing the herpes simplex virtlgymidine-kinasegene if
activity (Liu et al, 1995; Trujillo and Mounts, 1996). These followed by treatment with ganciclovir (GCV) (Vonka et al, 1998).
proteins can serve as targets of immune responses (Chen et Rihally, we were able to induce partial immunity against these
1991, 1992) induced by specific therapeutic vaccines. cells by immunization with plasmids carrying the HP\E&E7
Although the first clinical studies designed to cure CC bygenes or activateld-ras oncogene (Smabhel et al, 1999).
immunological intervention have already been started (McNeil, In an effort to develop a system free of the major disadvantages
of Syrian hamsters, i.e. their ‘semisyngeneity’ and a lack of reli-

Received 31 May 2000 able reagents needed for analysis of the immune responses, we
Revised 14 October 2000 recently established several HPV16-transformed mouse C57BL/6
Accepted 17 October 2000 cell lines. A protocol similar to that employed in the Syrian
Correspondence to: M Smahel hamster system was used. In the present report we describe some
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of the basic properties of the transformed mouse cells and presaefaiction (RT-PCR) were performed as described previously
data from immunization/challenge experiments designed to inducgitasato et al, 1996).
protection against these cells.

Immunoblotting

MATERIAL AND METHODS Material for the detection of the H-ras oncoprotein was prepared
Animals and cells by lysis of cells with RIPA buffer (150 mM NaCl, 1% NP-40,
0.5% sodium deoxycholate, 0.1% SDS, 50 mM Tris, pH 7.5).

C57BL/6 mice (H-2) (Charles Rivers, Germany) were used in th'sgecondary mouse kidney cells (MKC) were used as a negative

study. Animals were maintained under standard conditions a.ncontrol. Cell monolayers in 150 énbottles were washed with

UKCC.:CR guidelines for the care and treatment of animals "bBs and placed on ice. One millilitre of RIPA buffer precooled at
experimental neoplasia were observed. Secondary cell cultures

+4°C was added per bottle and the cells were incubated on ice for

were prepared from the kidneys of an adult animal and grown i A : .
Dulbecco’s Modified Eagle’s Medium (D-MEM) (Sevac, Prague) 80 min with occasional rocking. Lysed cells were collected by

supplemented with 10% fetal calf serum, 2 mM L-glutamine, 100scraplng and the cell debris in the lysis buffer was transferred into

U mlpenicillin and 10qug mi?streptomycin. CaSki cells have an Eppendorf tube and spun at 10 @r 10 min at +4'C .
. o . Samples were further analysed by 10% SDS-PAGE. The proteins
been derived from HPV16-positive human cervical cancer (Baker .
. ; separated were electroblotted onto a nitrocellulose membrane
et al, 1987). HEF cells are spontaneously immortalized cell$ . . . . .
. . . .and incubated, in PBS, with anti-pan¥&8 mouse antibody
isolated from a hamster embryo fibroblast culture (Kutinova . . . .
. albiochem, La Jolla, CA) diluted in 10% non-fat milk for 2
1975). TC-1 cells have been prepared by transformation . o
C57BL/6 primary mouse luna cells with HPV-FB/E7 onco ours at room temperature or overnight at +4°C. The blots were
P Y 9 then washed % 5 min with PBS/0.1% Tween, secondary perox-

genes and activateH-ras (Lin et al, 1996) and were kindly . ) - .
rovided by Dr TC Wu (Johns Hopkins University, Baltimore). Al idase-labelled anti-mouse antibody was added, and the mixture
P ! " was kept for 1 hour at room temperature. The blots were washed 8

cell lines were grown in EPL medium (Sevac, Prague) (Kutlnove}< 5 min with PBS/0.1% Tween and specific antigens were detected
and Vonka, 1978).

using the ECL Plus system (Amersham, Little Chalfont, England).

Plasmids Flow cytometry

Plasmids pl6HHMo (Vousden et al, 1988), pEJ6.6 (Shih ang:
Wemperg, 1982? and pAGGO (Colbere-Garapin et al, 1981)detection of MHC class | molecules, cells were incubated with
carrying, respectively, the HPVEB/E7oncogenes, the huméfi .anti-mouse H-2RH-2D° monoclonal antibody (clone 28-8-6

ras oncogene activated by G12V mutation, and the neomyci - . o -
resistance gene, were kindly donated by Drs K Vousden (Ludwi'?gsharmlngen, San Diego, CA) or with isotype control antibody

Institute for Cancer Research, London), M Durst, and F Ros 1gma, St Lo_ws, MO) at 4 C_for 30 min, wa_shed and mcm_Jbated
(both DKFZ, Heidelberg), respectively. We compared theWlth FITC-conjugated goat anti-mouse Ig antibody (Pharmingen)

sequences of human and mouse H-ras proteins and found ag 4°C for 30 min. Expression of MHC class Il molecules was
4 S P 08tected with FITC-labelled anti-mouse 1+honoclonal antibody
mismatch. Therefore, the G12V mutation represents the onl

difference between the normal mouse H-ras protein and the hum %Ione AF6-120.1, Pharmingen).
H-ras oncoprotein expressed from pEJ6.6.

Plasmids to be used in immunization experiments (see belowjnmunocytochemistry
were propagated iBscherichia coli XL1-blue strain, in Terrific
Broth Medium with 100pug mi? of ampicillin added. Plasmid

ells were harvested with trypsin and washed twice with PBS. For

MK16/1/IIABC and TC-1 cells grown on plastic dishes were

DNA was extracted by alkaline lysis followed by CsCI gradientwas'hed with PBS and fixed in a cold mixture of methanol and

centrifugation. Purified DNA was dissolved in phosphate-buffereolacetone (.1:1 by volumg) for .10 min. Cytqkeratlns were detgcteq by
. o standard immunostaining with antikeratin monoclonal antibodies
saline (PBS) and stored at—20°C.

C-11 (binds keratins 4, 5, 6, 10, 13 and 18) and C-22 (recognizes
keratins 5 and 8) (Bartek et al, 1991; Bartkova et al, 1991).
Cell transformation Antibody DC-10 (Lauerova et al, 1988), which reacts with human
keratin 18 only, was used as a negative control. Peroxidase- or
Plasmids pEJ6.6 and pl6HHMo were cotransfected, along with|TC-conjugated rabbit antisera against mouse immunoglobulins
PAGH60, into secondary mouse kidney cells. In the transfection, thEDAKO, Glostrup, Denmark), diluted 1:50 and 1:20, respectively,
lipofection reagent DOTAP (Boehringer, Mannheim) was used\ere used as secondary antibodies. Where the peroxidase conjug

cells were established as described previously (Kitasato et al, 1998} nuclei were counterstained with haematoxylin.

Analysis of nucleic acids Tumour induction and growth

DNA was extracted from cell lines by the sodium dodecyl sulphat€ells were harvested with trypsin, washed three times with PBS and
(SDS)-proteinase  K-phenol-chloroform  method (Blin andinjected s.c. (0.2 ml) in the back of C57BL/6 mice. Tumour devel-
Stafford, 1976). Total RNA was isolated using the RNA Blueopment was regularly monitored. In a DNA immunization experi-
Reagent (Top-Bio, Prague) (Chomczynski, 1993). Southern blanent (see below), survival of tumour-bearing mice was recorded.
hybridization and the reverse transcriptase-polymerase chain Student'st-test was used for statistical analysis.
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Tumour metastases lOOEL o

Mice were inoculated with 201 or 10 MK16/1/IIABC cells.
When their tumours reached approximately 1.5 cm in diameter, tt
mice were humanely killed and autopsied. Their lymph nodes 80
lungs, liver, heart and brain were examined histologically for the == 10°
presence of spontaneous metastases. The organs were fixed in 1 == 10°
neutral buffered formalin and embedded in paraffin. Sections wer 6
: ; . . 404 & w0
stained with haematoxylin and eosin.

Immunization with irradiated cells 204

% Tumour-free mice

Male mice, 6-8 weeks old, were immunized with two doses o
irradiated (200 Gy) MK16/1/11IABC cells: 2@ells were injected
on day 0 and T@ells on day 34. 20 days later, groups of 5 animals 104
were challenged s.c. with 1@r 5<10° MK16/1/1IIABC cells,
injected at a body site different from that used in immunization
Nonimmunized mice served as controls. o+—a— ' . .
0 10 20 30 40 50

Days after inoculation of cells

Figure 1  Oncogenicity of MK16/1/lIIABC cells. Five-week-old female mice

Male mice, 6-8 weeks old, received three 1@0i.m. doses of (n=6) were inoculated s.c. with 10, 10° or 106 MK16/1/lIABC cells
plasmid DNA in 50ul PBS at 3-week intervals. Plasmid pBR322 angioinvasivity of the MK16/1/IIABC tumours (not shown),
served as a negative control. 10 days after the third immunizationetastases were found in draining lymphatic nodes (11-25%) and in
dose, groups of 8-9 animals were challenged s.c. in the back withe lungs (75-80%) (Figure 2B) after prolonged growth (7 weeks) of
10 MK16/1/111ABC cells. subcutaneous tumours induced by administration Hf1®or 10
of MK16/1/1IIABC cells. This metastasizing activity apparently did
not depend on the number of cells inoculated. Histological examinat-
ion did not detect metastases in the liver, spleen, heart or brain.
Cyclophosphamide (Orion Corporation Farmos, Turku, Finland)
was used for treating some of the mice (300 mg tkady weight)
prior to their inoculation with MK16/1 or MK16/1/IA cells.

DNA immunization

Chemicals

Nucleic-acid analysis of transformed cells

From the cell lines MK16/1, MK16/1/IA, MK16/1/IIAB and
RESULTS MK1_6/_1/II_IABC, DNA and RNA were _isolated. Southern_bl_ot
hybridization of the DNAs, digested with the BamH]I restriction
Establishment of oncogenic mouse cell lines enzyme, was performed using’B-labelled probe specific for the
HPV16 E6 gene (Figure 3A). Several bands were detected, with
the band pattern being the same for all samples. This indicated
stable integration of the viral DNA and a clonal origin of the cell

Secondary kidney cells derived from C57BL/6 mice were
contransfected with the following mixture of plasmids:
pl6HHMOo, carrying the HPV16 oncogenE§ and E7; pEJ6.6,

. . lines.
carrying the actlvat_ed hL_JmahI-ras oncogene, and pA_GBO, ... Reverse-transcriptase PCR was used to examine unspliced and
carrying the neomycin resistance gene. Following selection with

: . . spliced forms of the E6/E7 transcripts (Figure 3B). Both unspliced
1
the neomycin analo_gue G418 (200 mth), a cell line gle5|gnated E6 (PCR product, 420 bp) and spliced E6*| (238 bp) and E6*Il
MK16/1 was established. These cells (8. B¥) were inoculated . - : :
. . . : 121 bp) forms were detected in all cell lines, with the unspliced
s.c. into 3-week-old mice. Tumours developed in all 5 animal

. . N .
treated 1 day before inoculation with cyclophosphamide, but not irh6 ar_1d spliced E6I p_redomlnatlng. No marked differences among
: . : the different MK16/1 lines were observed.

any of 8 cyclophosphamide-untreated mice. Several cell lines were
derived from the tumours and one of them, MK16/1/IA, was inocu-
lated (2x 1 cells) into 3—4-month-old mice treated or untreatedDetection of activated H-ras by immunoblotting

W'th cyclophosphamlde. In this case, tumours develgped not OIql%xpression of the mutated H-ras oncoprotein in MK16/1/IIABC
in the treated animals but also in 2 of 3 untreated mice. From oné

cells was tested by immunoblotting (Figure 3C). Antibody specific

Sor this protein detected one protein band corresponding in size

again injected into untreated mice and several cell lines wer !
. . . 1 kDa) to the ras product. In secondary mouse kidney cells used
derived from different tumours. For subsequent experiments th . -
as a negative control, only nonmutated H-ras protein was demon-

(rjri]f(?Z:er?F Z?(gil:ilr?wecrﬁ! yn_?i '\ggisl:::g:]meBdC;‘roV::Sies fc')e‘fg_‘;" n strated with anti-pan-ras monoclonal antibody (Calbiochem) (data
P B 9 ' not shown).

depending on the age and sex of animals. The results of a repre
sentative experiment are shown in Figure 1.
The tumours induced derived from low-differentiated epitheloid . . .

. . L Immunocytochemical detection of cytokeratins
cells (Figure 2A). As angiogenesis in the tumours was low, large
necroses were recorded in their centres (not shown). Despi confirm the epithelial origin of MK16/1/1IABC cells, expres-
infrequent invasive growth and the relatively rarely observedsion of cytokeratins was tested. Simultaneously, TC-1 cells (Lin

British Journal of Cancer (2001) 84(3), 374-380 © 2001 Cancer Research Campaign
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Figure 2 Histological examination of MK16/1/lIIABC tumours. Mice were s.c. injected with 106 MK16/1/IIIABC cells and humanely killed after 56 days. Sections
of a paraffin-embedded primary s.c. tumour (A) (X150) and lung with nodular metastasis (B) (X 90) were stained with haematoxylin and eosin
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Figure 3 (A) Detection of integrated HPV16 DNA by Southern hybridization. Cellular DNAs were digested with BamHI, separated electrophoretically on 1%
agarose gel, and blotted onto nylon membrane. A fragment excised from the HPV16 E6 gene (HPV16 nt 24-654) was *?P-labelled and hybridized with
membrane at 65°C for 16 hours. (B) Detection of E6/E7 transcripts by RT-PCR. Complementary DNA prepared from total RNA was amplified with HPV16
E6/E7-specific primers. The products were analysed on 3% agarose gel. Three forms of transcript were detected: E6 (420 bp), E6*1 (238 bp), and E6*Il

(121 bp). The smallest product, E6*Il, was demonstrated in all samples but is poorly visible on the picture. (C) Detection of activated H-ras by immunoblotting.
Whole-cell lysates were boiled in electrophoresis sample buffer, separated by 10% SDS-PAGE and transferred onto a nitrocellulose membrane. Activated H-ras
was detected with mouse monoclonal anti-pan-ras“-*? antibody. Secondary MKC were used as a negative control

et al, 1996), also transformed by HPVEG/E7 and activated whereas the DC-10 antibody only produced a nonspecific back-
H-ras oncogenes, were analysed. MK16/1/IIIABC cells showedground reaction and very weak, diffuse colouring without
strong positive peroxidase staining with C-11 and C-22 antibodiegny apparent filamentous network. Immunofluorescence results

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(3), 374-380
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Figure 4 Immunofluorescence visualization of keratin network in
MK16/1/IIABC cells by C-11 monoclonal antibody (% 480). Note almost
homogeneous distribution of simple epithelial keratins in all cells
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Figure 5 Detection of MHC class | and class Il molecules by flow
cytometry. MK16/1/IIABC and TC-1 cells were stained with specific
monoclonal antibodies (open histograms) or with isotype control antibodies
(filled histograms). Secondary MKC or splenocytes were stained as positive
controls

Immunofluorescence examination of TC-1 cells gave negative
reactions with all of the antibodies tested.

Testing for MHC class | and class Il by flow cytometry

MHC class | and class Il expression on MK16/1/IIIABC cells was
examined by flow cytometry. As positive controls, secondary
MKC and splenocytes were used, respectively. For comparison,
TC-1 cells that had been reported to express MHC class | but not
class Il molecules were also stained. While secondary MKC and
TC-1 cells were shown to contain MHC class | molecules, no
MHC class | expression was detected on MK16/1/IlIABC cells
(Figure 5). Both TC-1 and MK16/1/IlIABC cells were MHC class

Il negative (Figure 5).

confirmed the above findings, i.e. there was strong fluorescence of

keratin filaments with the C-11 (Figure 4) and C-22 (not shown)I . . . . . o .
o . . nduction of antitumour immunity by immunization with

antibodies, while the DC-10 monoclonal antibody was complete|¥rradiated cells

negative. TC-1 cells exhibited only a diffuse background perox-

idase staining with C-22 antibody but no filamentous networkLethally irradiated MK16/1/IIIABC cells were administered as

was seen; the C-11 and DC-10 antibodies gave negative stainingescribed in Materials and Methods to induce protection against

A B

100 B 100
,3 - control, 10° cells © == control
£ 80 o 804
o ~C~immunized, 105 cells € &= pBR322
g 60 | --control, 5x105 cells 2 60 -O- pl6HHMo
3 -@-immunized, 5x105 cells = = DEJ6.6
£ 5
£ 40 1 2 407
O\C’ o

20 1 207
[ 0 T T T G T T

0 10 20 30 40 50 60 70

Days after challenge

0 20 40 60 80 100 120 140 160

Days after challenge

Figure 6 (A) Tumour formation after immunization with irradiated MK16/I1IABC cells. Mice were immunized s.c. on aday 0 with 10° cells and on day 34 with
107 cells. 20 days later the animals were challenged with 10° or 5 x 105 homologous cells. Non-immunized mice served as a control. (B) Survival of mice after
immunization with plasmid p16HHMo or pEJ 6.6. Mice were injected i.m. with 100 pg of plasmid DNA on days 0, 21 and 42. Plasmid pBR322 was administered
as a negative control. On day 52 the animals were challenged s.c. with 10* MK16/1/IlIABC cells. Tumours developed in all mice. The mean survival time of
animals immunized with p16HHMo or pEJ6.6 was significantly prolonged (P < 0.03) in comparison with pBR322-treated animals
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MK16/1/11IABC challenge. This vaccination completely protected tumour incidence from the 40-50% seen in the control group inocu-
mice challenged with the lower dose {16f tumour cells. When lated with pBR322 to about 10-20%. In the present model we
animals were challenged with the higher dose18°), immuniza-  attempted to immunize mice with the same plasmids following the
tion only delayed the appearance of some tumours (Figure 6Ayame immunization scheme. Howgvéhe resulting protection
but the diference was not significant in comparison with controlwas rather weakWe only recorded ffierences in tumour size,
mice. time of the appearance of tumours and length of survival of the
animals, but not in the frequency of tumours formed. This might
have been due to the properties of the challenging cells (no MHC
class | and class Il molecules, a low level of expressidE6(E7
Plasmids p16HHMo and pEJ6.6, used for malignant transformaand/a H-ras genes) and/or a low capability of C57BL/6 mice to
tion of mouse kidney cells, were each tested as a prophylactimbount an immune response against these oncoproteins under the
DNA vaccine. The immunizationffect in mice challenged with experimental conditions used. Howevether factors might also
10 MK16/1/IIABC cells was weak.Tumours formed in all have been involved.
animals, but some inhibition of tumour growth was recorded in the As MK16/1/IIABC cells are both MHC class | and class I
immunized mice and both plasmids prolonged their survival asegative, cytotoxic CBand CO* T cells could not be responsible
compared with control, nonimmunized or pBR322-treatedfor the protection against the MK16/1/IIABC challenge.
animals (Figure 6B). This flerence was statistically significant Howeve, it has been suggested that CD4helper cells play the
(P<0.03). central role in the immune response against tumour cells (Hung et
al, 1998; Mumbeg et al, 1999). This response was mediated by
activated macrophages and eosinophils (Hung et al, 1998) or by
DISCUSSION indirect dfects of IFNy (Mumbeg et al, 1999)We suppose that
An oncogenic cell line, MK16/1/1lIABC, was obtained by trans- similar mechanisms might also be induced in our tumour system.
formation of secondary mouse kidney cells with the HPE@G4&7 To summarize, we isolated a line of oncogenic, HPV16-
and the mutated huméhrasoncogenes. The expression of activ- transformed epitheloid mouse cells, free of MHC class | mole-
ated H-ras in the cells was demonstrated by immunoblottingcules, which metastasize spontanepusi the present study we
Because of lack of reliable reagents, the E6 and E7 proteins weosly managed to induce weak protection against these cells,
not detected. Howevewe assume they were also produced,whether by immunization with DNA coding for E6/E7 or H-ras
because we showed the presence of unspliced and two splicedcoproteins, or by vaccination with irradiated homologous cells.
MRNAs that serve as transcripts for expression of both the E6 aritherefore, we are presently trying to apply approaches that might
E7 proteins. Moreove it is reasonable to assume that without enhance immunity against tumour cells without MHC class |
E6/E7 production oncogenic transformation of secondary mousexpression. These experiments have already been started and son
kidney cells would not have been achieved. results have been reported (Bubenik et al, 1999).

At present, TC-1 cells are increasingly utilized for the testing of
ig:;il;l]l;’(\j/btherapeutlc vaccines. Our MK16/1/1IIABC cells were RCKNOWLEDGEMENTS
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