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Establishment and cidofovir sensitivity of a cell line from a heart transplant
recipient with multiple cutaneous tumors
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A new cell line, designated as Tuwei00, is described. It originated from an Epstein-Barr virus-positive skin tumor biopsy
of a heart transplant recipient, whose numerous cutaneous neoplasms were treated with the antiviral drug cidofovir what
caused at least transient remissions. The cell line was established in vitro and maintained for more than 70 passages. Cells of
early passages were characterized by a slower growth, the inability to form colonies and a higher sensitivity to cidofovir.
After overcoming a crisis, the cells grew faster, to a higher density and were able to form adherent colonies from single cells
as well as colonies in soft agar. Chromosome analysis showed diploidy/hyperdiploidy at the earlier and hypodiploidy at the
later passages. Sensitivity to cidofovir was distinctly higher in early passages of Tuwei00 cells than in later passages and was
characterized by distinct decline of cell survival after long term cidofovir exposure. Established normal human keratinocytes, HaCaT cells, which were checked for comparison, showed a low cidofovir sensitivity similar to late passage Tuwei00
cells.
Key words: Preneoplastic keratinocytes, cell line establishment, cidofovir sensitivity.

Organ transplant recipients have a high risk for developing neoplasms [14]. Most frequently seen are squamous cell
carcinomas (SCC) and basal cell carcinomas (BCC) of the
skin and post-transplant lymphoproliferative diseases
(PTLD) [19]. PTLD are Epstein-Barr virus (EBV)-related
in a high frequency [23]. In non-melanoma skin cancers as
well as in premalignant skin lesions from immunosuppressed patients human papillomavirus (HPV)-DNA is detectable to 75±88% what is more frequent than in
immunocompetent patients [9]. Due to the frequent association of post-transplant tumors with various DNA viruses
the question arises whether the tumor growth can be influenced or even stopped by treatment with a broad spectrum
antiviral drug such as the acyclic nucleoside phosphonate
cidofovir. Cell lines isolated from such preneoplastic or neoplastic skin lesions eventually might be used as model systems to elucidate the mode of action of this drug. Here we
describe the isolation and cidofovir sensitivity of a cell line
from a heart transplant recipient who developed multiple
cutaneous neoplasms several years after transplantation.
Because of the EBV-positivity of tumor biopsies the patient

was repeatedly treated with cidofovir and showed at least
transient remissions. The anti-EBV activity of cidofovir in
vitro was shown previously by LIN et al [15]. Therefore, it
was of interest to study how keratinocytes isolated from the
tumors respond to the drug.
Patient, material and methods
Patient. The 63-year old male patient developed multiple
cutaneous tumors in the facial region beginning 4 years after
heart transplantation [11]. In the following years the patient
has been operated 11 times. Histological diagnosis of resected tissue revealed 10 findings of actinic keratosis, 2 findings of keratoacanthomas, 11 findings of basal cell
carcinomas, and 15 findings of squamous cell carcinomas.
All tissue samples were EBV-PCR positive. With an in situ
hybridization technique the presence of EBV-encoded
RNA (EBER) was revealed in many tumor infiltrating lymphocytes but not in the tumor cells themselves. Due to the
EBV-association of the tumors the patient was treated with
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cidofovir. The cidofovir therapy led to a remarkable regression of tumor size, stop of tumor pain and disappearance of
small lesions [21]. Samples from histologically different
biopsies of the patient were processed in the tissue culture
7 years after heart transplantation.
Reagents. EMEM with HEPES (Bio Whittaker) supplemented with 1% (v/v) L-glutamine (200 mM), 1% (v/v) nonessential amino acids, 1% (v/v) insulin/transferrin/selenium, 100 U/ml penicillin, 100 mg/ml streptomycin and 10±
15% FCS was used as culture medium.
Cidofovir (1-[(S)-3-hydroxy-2-(phosphonylmethoxy)propyl]-cytosine, HPMPC, CDV) was kindly provided by
Prof. E. De Clercq (Rega Institute for Medical Research,
Katholieke Universiteit Leuven, Belgium). It was dissolved
in complete culture medium.
Primary culture and passaging. Portions of the biopsies
were finely minced, placed into T25-flasks and cultured at
37 ÊC in 5% CO2 atmosphere. After 5±10 days epithelial
cells appeared around the explants. When fibroblasts surrounded the outgrowth, they were removed several times
by gentle use of an EDTA (0.02%)/trypsin (1:250; 0.05%)
solution in PBS. For passaging of the epithelial cells, a mixture (4:1) of EDTA/trypsin and a collagenase solution (350
U/ml) in PBS was used.
Cell growth experiments. Tuwei00 cell growth kinetics
was determined in cells from exponentially growing cultures which were seeded into 24-well plates with about
2.5x105 cells in 1 ml medium per well. After 24 hours the
medium was changed and the free floating cells were removed. To detect the time- and dose dependent effect of
cidofovir, 2.5 x105 cells were seeded in 1 ml medium per well
into 24-well plates. 24 hours later, drug exposure was started
by a medium change and addition of different cidofovir
concentrations. The culture fluid was replaced by fresh
medium with the same drug concentration on days 4 and
8. For the antiproliferative assay, cells from a confluent culture were diluted 1:4 and seeded into 24-well plates, thus the
cells were able to divide two times during the culture course.
After 24 hours, the medium with the unattached cells was
removed and replaced by medium containing 32 mg/ml cidofovir or medium without cidofovir as control. The drug
concentration had been chosen from findings in pilot experiments in which a significant inhibitory effect was shown
in all investigated cell lines. No further medium change was
made. After different culture periods, the cells were suspended and counted by means of a Coulter Z-2 particle
counter (Beckmann-Coulter). The rates of surviving cells
were calculated as the quotient of the cell number in the
cultures exposed to cidofovir and in untreated controls, respectively, at a given time. The data are means of at least
four parallel determinations. Population doubling times in
the logarithmic growth phase were calculated with the formula :
tg = log 2 x (t ± t0)/log N ± log N0 [16].
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HaCaT cells. The HaCaT cell line, which served for comparison, is a spontaneously immortalized cell line from normal skin keratinocytes [5]. The cells were passaged once per
week (1:3) in the same medium as described above but without insulin/transferrin/selenium supplement and with 5%
FCS.
Plating efficiency. 1x103 and 2x103 cells per well were
seeded in 6-well plates containing 3 ml medium per well.
The cultures were fixed two weeks later in methanol
(100%) and stained with crystal violet (0.5% in 50% methanol). Plating efficiency was calculated as the percentage of
colonies in relation to the total number of plated cells.
Anchorage independent cell growth. 2 ml of 0.5% agarose
in culture medium with 10% FCS were placed per well in 6well plates. 30 minutes later, 2 ml of 0.3% agarose in the
same medium containing 2 or 3x103 cells/ml, respectively,
were added per well. After incubation for 3 weeks the wells
were checked for growth of cell colonies.
Immunocytochemistry. For detection of cytokeratins,
suspensions of Tuwei00 cells of the 13th passage were
dropped on silane-treated slides. Monoclonal mouse antihuman cytokeratin 5/6 and 10/13 antibodies (DAKO) and
the ChemMateTM streptavidin-biotin AP/RED detection
kit (DAKO) were used according to the manufacturer's
protocol.
Chromosome preparation. Exponentially growing cells
were supplemented with colcemid, 0.05 mg/ml, three hours
prior to cell harvest. After treatment with collagenaseETDA/trypsin mixture the resulting cell suspension was
hypotonized and prepared in the usual manner. Chromosome preparations were stained with Giemsa. 100 wellspread mitoses per sample were evaluated.
Virus detection. DNA was extracted from cell cultures by
a DNA extraction kit (QIAamp DNA Blood Mini Kit, Qiagen). The DNA concentration was determined by UV spectrometry.
Detection of EBV sequences. The nested PCR technique
for detecting the EBV sequences was carried out as described previously using primers of the virus capsid antigen
p23 region of EBV [20].
Agarose gel electrophoresis of viral DNA. The amplified
PCR products were detected by direct gel analysis. A 10 ml
sample of the amplification product was run on a 0.8% agarose gel electrophoresis. DNA was monitored under UVlight after staining with ethidium bromide.
Detection of HPV sequences. The HPV PCR for detecting numerous HPV types including Type 6, 11, 16, 18, 31 and
33 was performed using two sets of consensus primers as
designed by MANOS et al [18] and SNIJDERS et al [26].
Results
Establishment of the cell line. After 3±6 days, nearly half
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of the explants were attached to the bottom of the flask and cells with epithelial
morphology emigrated. The growth of
the epitheloid cells from different tissue
samples continued for different time periods. Often the cells started to degenerate
and died after several weeks. Usually the
outgrowth of epithelial cells was surrounded by fibroblasts which became
dominant due to a faster proliferation. Efforts to selectively remove the fibroblasts
from the cultures were only transitorily
successful. In 2 of the 9 investigated biopsies, however, the epithelial cells did not
show senescence and degeneration but
overgrew the fibroblasts and, finally, were
able to predominate the cultures. The cells
Figure 1. Growth kinetics of Tuwei00 cells at the 15th (A) and the 38th (B) passage. (A) After
referred in this study originated from a preplating of Tuwei00 cells in early passages a remarkable proportion of the cells did not attach and was
malignant tissue sample diagnosed as
removed by medium change after 24 h. (B) In comparison, cells of later passages attached to a higher
acanthosis, hyperkeratosis (dysplasia
extent, grew faster and to a higher density.
grade 2) with a chronic inflammation. In
the course of about 6 months of in vitro
A
culture (comprising 7 passages) it was possible to eliminate
the fibroblasts. The resulting epitheloid cell line was designated as Tuwei00. It was continuously cultured and passaged in weekly intervals (at first 1:2 and later 1:5) up to
more than 70 passages. Cells of the 13th passage, showed
a positive reaction with the antibodies against cytokeratins
5/6 as well as 10/13 what suggests a keratinocyte origin of the
cell line.
In early passages, Tuwei00 cells were characterized by
a relatively slow growth (Fig. 1A). Between the 9th and the
16th passage a mean population doubling time of about 73 h
in the logarithmic phase of the cultures was observed.
Growth kinetics (Fig. 1A) demonstrates that in the early
passages a rather large proportion of the seeded cells did
not attach and died. The attached cells migrated towards
B
each other (Fig. 2A) before they were able to continue
proliferation. In this stage of culture these cells were unable
to form colonies when plated as single cell suspensions,
neither with 1x103 nor with 2x103 cells per well. Moreover,
these cells did not form colonies in soft agar.
A crisis, defined as a period with remarkably reduced
proliferation, occurred between the 28th and the 31st passage. Thereafter, the resulting cell population showed an
enhanced proliferation (Fig. 1B). The population doubling
time in the logarithmic phase decreased to about 39 h, measured at the 38th and the 52nd passage. The cells attached
more readily, showed a reduced requirement for close cell
contact to continue dividing (Fig. 2B) and reached higher
densities. The cells appeared more closely packed, stronger
Figure 2. Tuwei00 cells of the 13th passage (A) and of the 65th passage (B)
granulated, and they were able to form colonies. The plating
72 h after seeding. After plating the attached single cells of the early passage
efficiency in the 51st passage was 5% by 1x103 cells and 9%
assemble and form aggregates before starting proliferation (A). Cells of the
by 2x103 cells per well. Furthermore, the cells became able
later passage do not show this behavior (B). Phase contrast, 180 x.
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Figure 3. Distribution of chromosome numbers of Tuwei00 cells at the 9th
and the 43rd passage. The karyotype of the cells changed from diploid/hyperdiploid in the 9th passage to hypodiploid in the 43rd passage. About 3%
of the mitoses of both cultures have chromosome numbers between 78 and 95
(not shown in the figure).

to grow in soft agar, as shown in the 63rd passage. A change
of the karyotype was obvious in the course of the passages.
While in the 9th passage the cells were diploid/hyperdiploid,
in the 43rd passage the number of chromosomes was reduced, with a stemline of 44 chromosomes (Fig. 3). The
majority of Tuwei00 cells at the 43rd passage had a small
marker chromosome.
Detection of EBV and HPV. EBV DNA could regularly
be detected by PCR in explant cultures of the biopsy material. Cultures leading to the Tuwei00 line were positive until
the 7th week of culture. In this period, the culture was still
composed of different cell types including epitheloid cells

Figure 4. The time- and dose-dependent effect of cidofovir in Tuwei00 cells of
the 27th passage. Cell survival rates are quotients of cell number in cultures
with different cidofovir concentrations and control cultures without cidofovir
at the given time of drug exposure.

and fibroblasts. The presence of surviving lymphocytes
could not be excluded. The disappearance of all visible
non-epitheloid cells was complete after 6 months or 7 passages, respectively. EBV DNA was detected only by nested

Figure 5. Comparison of the growth kinetics of Tuwei00 (11th and 41st passage) and HaCaT cells treated with 32 mg/ml cidofovir. Exposure started with
a medium change 24 h after cell seeding. Data represent mean cell numbers + standard deviations (four replicate counts).
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Figure 6. Cell survival rates of early (11th and 16th) and late (41st and 52nd)
passages of Tuwei00 cells as well as of HaCaT cells after exposure to 32 mg/ml
cidofovir. The rate of surviving cells is the quotient of cell number in cidofovir-exposed culture and control culture. Results of two independent experiments are shown (open and closed symbols).

PCR in small quantities (10 copies in 105 cells) in the resulting epitheloid cell line Tuwei00 at the 9th and the 12th
passage. Thereafter, also the nested PCR was negative.
All biopsy samples as well as the Tuwei00 cells tested in
the 20th passage were negative for HPV DNA.
Antiproliferative activity of cidofovir. Considering the cytostatic response of skin tumors to cidofovir administration
in vivo [11, 21], it was of interest to check the cidofovir
sensitivity of the Tuwei00 line. For this purpose, cultures
exposed to different cidofovir concentrations were observed for 3, 7 and 10 day periods and compared with controls. The data (Fig. 4) show a dose- and time-dependent
effect of cidofovir of Tuwei00 cells.
Another question was whether there are differences to
other keratinocyte cell lines with respect to cidofovir sensitivity. For this purpose the growth of Tuwei00 cells under
cidofovir administration was compared with that of HaCaT
cells, a spontaneously immortalized keratinocyte cell line
from normal skin [5]. Moreover, the sensitivity of early
and late passages of Tuwei00 cells was compared. The effect
of cidofovir presumably depends on drug incorporation into
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DNA (see Discussion). The cells of the considered lines and
passages grew with different rates. To generate comparable
conditions for drug uptake, the cells were plated at densities
permitting them to pass two population doublings until confluence. Thus, the cells should be able to incorporate similar
amounts of cidofovir during the experiments, and the resulting inhibition effects should be comparable. Figure 5 shows
how proliferation and survival of Tuwei00 cells at the 11th
and 41st passage and of HaCaT cells are influenced by 32
mg/ml cidofovir. The calculated rates of surviving cells are
shown in Figure 6 together with the results of another similar experiment. Under administration of cidofovir, the population doubling time was 83+17 h in Tuwei00 cells of
early passages, but 44+3 h and 50+11 h in Tuwei00 cells
of late passages and HaCaT cells, respectively. Thus, there
was no striking difference regarding the growth inhibitory
effect of cidofovir in Tuwei00 cells in early passages and
HaCaT cells in the first growth phase, if the different population doubling times were taken into consideration. But
during the further growth and especially in stationary cultures cidofovir showed a remarkably stronger effect on Tuwei00 cells of early passages (Fig. 5). Therefore, a single
addition of cidofovir resulted in a stronger reduction of
the number of surviving cells in long term cultures of Tuwei00 cells of early passages than of HaCaT cells. Late passages of Tuwei00 cells showed a much lower sensitivity to
cidofovir. A 32 mg/ml cidofovir exposure for 13 days led to
5% and 16% survival of Tuwei00 cells of the 11th and 16th
passage, respectively, and to 50% survival of Tuwei00 cells
of the 41st passage compared with 67% in HaCaT cells (Fig.
6).
Discussion
Successful establishment of keratinocyte cell lines mostly
from skin cancers [10, 12, 29, 30], less from premalignant
skin tissue [24] and normal skin [1, 4, 5, 25] has been reported repeatedly. Most of these lines were used in studies
on cell differentiation in vitro or in order to compare different stages of tumor development. We tried to isolate cell
lines from malignant or premalignant skin tissue with the
aim to get data regarding cidofovir sensitivity. To our
knowledge, this is the second description of a spontaneous
keratinocyte cell line derived from dysplastic face skin of
a transplant recipient [24]. Isolated normal keratinocytes
under the described culture conditions in vitro (culture
medium with a physiological Ca2+-concentration and without EGF addition) would show a terminal differentiation
connected with a proliferation stop after a limited number
of passages [17]. The fact that it was possible to isolate and
keep the cells proliferating with the utilized culture medium
indicates that the original cells of the Tuwei00 line were
different from normal keratinocytes. This is supported by
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the partly abnormal karyotype even in early passages (Fig.
3). Moreover, the Tuwei00 cells were subject to changes in
the course of passages and entered a crisis, i. e. a period of
reduced or lacking proliferation, around the 30th passage.
Thereafter, the cells showed a remarkably altered growth
behavior and a different karyotype. The cell line establishment seems to be associated with an immortalization in two
steps. Such a behavior is known for the in vitro immortalization of cells by DNA tumor viruses or chemicals [6]. PROBY
et al [24] also described this for the establishment of two
spontaneously immortalized keratinocyte cell lines isolated
from dysplastic forehead skin of an immunosuppressed renal transplant recipient.
Regarding the detection of EBV DNA in the course of
establishment of the Tuwei00 cells, it seems likely to be due
to residual lymphocytes from the original biopsy material in
the stage when the cell population was still mixed in the first
passages. Until the 12th passage of the Tuwei00 cells, there
were only traces of EBV DNA detectable by nested PCR,
which later became negative. There is no strong indication
that EBV is critical for maintenance of the immortal phenotype of these cells, but it is conceivable that EBV is in
some manner involved in the first step of immortalization.
This would be an explanation of the effect of cidofovir on
the tumor cells in vivo, but it seems less likely that the effect
is just a direct antiviral effect against EBV. In spite of the
fact that there is no indication for the existence of HPV in
Tuwei00 cell line, cells in early passages show a behavior
similar to HPV-positive cells with regard to cidofovir sensitivity. ANDREI et al [2] treated several HPV-positive cell
lines with cidofovir and also demonstrated an increase of
the sensitivity after long term cidofovir exposure.
Eventually, it should be taken into consideration that
cidofovir acts as a cytostatic drug, in a way independent of
its antiviral properties. Such an effect may also be involved
in the recently reported successful treatment of a squamous
cell carcinoma of an eyelid with cidofovir [7]. The mode of
cytostatic action of cidofovir, however, is still unclear. To
our knowledge, as yet it has not been unequivocally proven,
whether cidofovir is internally incorporated into the genomic DNA of mammalian cells, but it seems obvious [22]. It
might be assumed that incorporated cidofovir is processed
by repair systems in a way similar to that recently reported
with respect to ganciclovir, thus causing cell killing by apoptosis [28]. Induction of apoptosis by cidofovir has been
shown in vitro in HPV-transformed keratinocytes [13] and
various other HPV-positive cells [3, 27], but also in several
HPV-negative tumor cell lines cidofovir seems to induce
cell death via apoptosis [3].
Taken together, our studies have shown that keratinocytes isolated from premalignant tissue of a transplant recipient with cutaneous tumors are inhibited by cidofovir in
vitro in a time- and dose-dependent manner. A comparison
with a spontaneously immortalized keratinocyte cell line of
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non-malignant origin (HaCaT) in cell growth experiments
to check their cidofovir sensitivity indicates that no striking
difference exists in the early stage of drug exposure to growing cells. There is, however, a remarkably stronger effect of
Tuwei00 cells after prolonged cidofovir exposure. This
higher sensitivity disappeared in cells of later passages.
Clearly, the therapeutic effects of cidofovir seen in virusassociated and virus-independent human tumors deserve
more detailed investigations concerning the mode of action
of this drug.
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