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Immortalisation of human oesophageal epithelial cells by a recombinant
SV40 adenovirus vector
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Summary We introduced the origin-defective SV40 early gene into cultured human oesophageal epithelial
cells by infection of a recombinant SV40 adenovirus vector. The virus-infected cells formed colonies 3-4 weeks
after infection in medium containing fetal calf serum. When the cells derived from 'serum-resistant' colonies
were then maintained in the serum-free medium with a low calcium ion concentration, some of them passed
the cell crisis and kept growing for over 12 months. These cells, regarded as immortalised cells, resembled the
primarily cultured oesophageal epithelial cells in morphology and had some of their original characteristics.
Treatment of the cells with a high calcium concentration induced phenotypic changes. These cells still
responded to transforming growth factor beta. When the immortalised cells were injected into severe combined
immunodeficient mice, they transiently formed epithelial cysts, although the typical differentiation pattern of
the oesophageal epithelium was not observed. These cysts regressed within 2 months without development into
tumours. The results indicated that human oesophageal epithelial cells were reproducibly immortalised by
infection with a recombinant SV40 adenovirus vector at relatively high efficiency. The immortalised cells
should be useful in studies on oesophageal carcinogenesis and in assessing the cooperative effects with other
oncogene products or carcinogens.
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The malignant transformation of human cells has been con-
sidered as a multistep phenomenon, although the mechanism
of human carcinogenesis has not been fully elucidated (Peto
et al., 1975; Hunter, 1991). This concept is also supported by
studies on neoplastic conversion of normal human cells in
vitro (Rhim et al., 1985, 1986, White et al., 1992). In these
studies, human cells immortalised by transfection of one viral
oncogene did not show tumorigenecity in vivo. However,
cooperation of a second oncogene or chemical carcinogen
induced neoplastic properties in the immortalised cells.

While some genetic abnormalities of oesophageal cancer
including mutation of P53 and overexpression or gene
amplification of epidermal growth factor (EGF) receptor,
int-2/hst-1 or cyclin D have been reported, the role of these
abnormalities in oesophageal carcinogenesis is still unclear
(Lu et al., 1988; Hollstein et al., 1990; Boyton et al., 1991;
Tsuda et al., 1991; Jiang et al., 1992; Wang et al., 1993). It is
considered that the immortalisation of oesophageal epithelial
cells by viral oncogene facilitates the study of neoplastic
transformation of the cells in vitro.
Gene transfer of foreign genes by the original calcium

phosphate co-precipitation method (Graham and Van der
Eb, 1973) is not suitable for human oesophageal epithelial
cells because the cells undergo terminal differentiation by
treatment with high concentrations of calcium. Although
successful gene transfer and immortalisation of human
oesophageal epithelial cells were performed by the strontium
phosphate transfection method (Stoner et al., 1991), the
immortalisation efficiency was low. It is still difficult to
immortalise human oesophageal epithelial cells reproducibly.
We previously reported that infection with a recombinant
SV40 adenovirus vector is an alternative method of gene
transfer into human epidermal keratinocytes (Inokuchi et al.,
1991).
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In this study, we introduced the origin-defective SV40 early
gene into primarily cultured human oesophageal epithelial
cells by a recombinant SV40 adenovirus vector and trans-
formed or immortalised the infected cells. We show here that
the virus vector was useful for the transfer of foreign genes
into human oesophageal epithelial cells with relatively high
efficiency. The SV40 T antigen conferred on oesophageal
epithelial cells the ability to grow continuously and form
colonies in the presence of serum. The cells derived from
'serum-resistant' colonies were maintained in serum-free
medium with a low concentration of calcium ions. Some of
them passed the cell crisis and kept growing under these
conditions for over 12 months. Considered to be immor-
talised, they resembled the primarily cultured human
oesophageal epithelial cells in morphology, and had some of
the original characteristics of human oesophageal epithelial
cells. They were not tumorigenic when injected into severe
combined immunodeficient (SCID) mice.

Materials and methods

Recombinant SV40 adenovirus vector

The recombinant SV40 adenovirus, ori-, was used in this
study (Van Doren and Gluzman 1984). The origin-defective
SV40 early gene was cloned into the adenovirus vector, delta-
E1/X (Van Doren et al., 1984), in place of the El region of
the adenovirus. The ori- was able to propagate in a cell line,
293 cells (Graham et al., 1977), expressing adenovirus Ela
and Elb gene products. These 293 cells were maintained in
Dulbecco's modified minimum essential medium (DMEM)
supplemented with 10% fetal calf serum (FCS; JRH, Lenexa,
CS, USA). When the 293 cells were subconfluent, the
medium was removed and the cells were infected with ori- at
multiplicity of infection (m.o.i.) of 0.1 plaque-forming units
(PFUs) per cell after washing with serum-free DMEM. The
infected cells were cultured in DMEM supplemented with
2% FCS until a complete adenovirus-specific cytopathic
effect appeared. The culture medium including the infected
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cells was frozen and thawed four times followed by cent-
rifugation at 3000r.p.m. for 15min. The supernatant was
used as virus stock of ori-. The titre of ori- was approx-
imately 2 x 108 PFU ml-'.

Culture medium containing virus-free 293 cells was also
frozen and thawed. After centrifugation, the supernatant was
used for mock virus infection.

Primary culture ofhuman oesophageal epithelial cells

Human oesophageal epithelial tissues were obtained from
biopsies or surgical specimens with the informed consent of
patients. After treatment with 2000 U ml-' Dispase II (Godo
Shusei, Tokyo, Japan) at 37°C for 30 min and 0.5% trypsin
solution at 37°C for 5 min, the epithelial cells were disag-
gregated by gently pipetting. The cells were propagated in
growth medium, MCDB 153 (Clonetics, Mountain View,
CA, USA) containing 0.1 mM calcium chloride, 140 1tg ml-'
bovine pituitary extract (BPE; Clonetics), 0.5 gmlg 1 hyd-
rocortisone, 0.1 ng ml-' human epidermal growth factor (h-
EGF; Earth Pharmaceutical, Hyogo, Japan), 5 jg ml'
insulin, 0.1 mM phosphoethanolamine, 0.1 mM ethanolamine
and 100ngmlh' cholera toxin (List Biological, Campbell,
CA, USA). The cells were passaged using a routine tryp-
sinisation technique. Cells subcultured three times were used
for infection of the virus vector. In the subcultured cells, no

fibroblasts were identified by phase-contrast microscopy.
When primary cultured oesophageal epithelial cells were con-

tinuously propagated in MCDB 153 growth medium, the
cells ceased to grow after the fourth or fifth passage and
gradually became detached from the dish. No transformed
cells arose within 6 months.

Infection of the virus vector

Cultured human oesophageal epithelial cells in a 60 mm dish
were washed with phosphate-buffered saline (PBS), and then
the virus stock was added at the indicated virus to target cell
ratio (m.o.i.; multiplicity of infection). After 1 h incubation
at 37°C for virus adsorption, the infected cells were washed
and incubated in MCDB 153 growth medium at 37°C.

Immunocytochemical staining for SV40 T antigen

The infected cells were fixed with methanol at 4°C for 30 min
and stained for the SV40 T antigen by the indirect immuno-
peroxidase method using mouse monoclonal antibody against
the SV40 T antigen (PAb 419; Oncogene Science, Manhasset,
NY, USA) and horseradish peroxidase (HRP)-conjugated
goat anti-mouse IgG. The enzyme reaction was performed
with 0.02% 3,3'-diaminobenzidine (DAB) containing 0.005%
hydrogen peroxide for 2 min.

Formation of 'serum-resistant' colonies by infection with ori-

After infection with ori-, the oesophageal epithelial cells were

cultured in the growth medium for a week and the culture
medium was replaced with DMEM supplemented with 10%
FCS. Four weeks after infection, colonies composed of con-

tinuously proliferating cells, 'serum-resistant' colonies, were

scored. Normal oesophageal epithelial cells were terminally
differentiated to stop growth and detached from the dishes
under the culture conditions.

Immortalisation of oesophageal epithelial cells infected with
orin
The cells of each 'serum-resistant' colony formed in DMEM
supplemented with 10% FCS 4 weeks after infection were

picked up and also subcultured in MCDB 153 growth
medium without FCS. The cells which passed the crisis and
kept growing in the growth medium for over 12 months were

considered to be immortalised. Characteristics of one of the
immortalised cells (HESSV 5-3) were examined. We also
analysed the morphology of the cells, keratin production,

sensitivity to human transforming growth factor beta (TGF
P; Takara Shuzo, Kyoto, Japan) and their morphogenesis
when they were injected into severe combined
immunodeficient (SCID) mice (CB17 scid/scid).

Immunocytochemical staining

Immortalised cells were stained for SV40 T antigen as de-
scribed above. The cells were counterstained with 0.2% light
green SFY (Wako Pure Chemical Industries, Osaka, Japan).
Indirect immunostaining for human epithelial keratin was

also performed using a monoclonal anti-keratin antibody
(AEI; Boehringer-Mannheim Biochemicals, Indianapolis, IN,
USA).
Both normal and immortalised cells were incubated for

24 h in MCDB 153 growth medium or medium containing
2 mM calcium, 10% FCS or 10 ng ml-' 12-O-tetradecanoyl
phorbol-13-acetate (TPA). After fixation with acetone at
- 20°C for 20 min, the cells were incubated in rabbit anti-
involucrin antibody (Biotechnologies, Stouton, MA, USA),
followed by treatment with fluorescein-conjugated anti-rabbit
antibody. Involucrin-positive cells were analysed by light
microscopy.

Extraction and analysis of keratins

To prepare keratins, normal and immortalised oesophageal
epithelial cells were sonicated in buffer A containing 20 mM
Tris-HCI (pH 7.4), 0.6M potassium chloride 1% Triton X-
100 and 0.3 gg ml-' phenylmethylsulphonyl fluoride (PMSF)
and then centrifuged at 10 000 r.p.m. for 20 min according to
the method described previously (Moll et al., 1992). The
precipitates were suspended in buffer A, sonicated again
followed by centrifugation. This step was repeated three
more times. Final precipitates were solubilised in buffer B
containing 20 mM Tris-HCI (pH 7.4), 2% sodium dodecyl
sulphate (SDS), 10 mM dithiothreitol (DTT) and 8 M urea at
37°C for 30 min. An aliquot of the sample was subjected to
two-dimensional gel electrophoresis (O'Farrell, 1975; Moll et
al., 1982). The gel was stained with Coomassie brilliant blue.

Effect of TGF-P on cellular DNA synthesis

Normal and immortalised oesophageal epitheal cells (2 x 104
cells per well) were cultured in a 24-well dish in MCDB1 53
growth medium containing the indicated amount of TGF-P
for 24 h. The cells were pulse labelled with [3H]-thymidine
(37 KB per well) for 1 h. After washing with PBS three times,
the cells were fixed with trichloroacetic acid (TCA) and the
TCA-insoluble count was obtained according to the method
described by Shipley et al. (1984). The [3H]thymidine uptake
per cell was calculated on the basis of the number of parallel
cultured cells counted.

Proliferation and differentiation of immortalised oesophageal
epithelial cells in SCID mice

The cells derived from 'serum-resistant' colonies were cul-
tured in the MCDB 153 growth medium. Approximately
1 x 107 normal oesophageal epithelial cells, virus-infected
cells cultured for 1.5 months and immortalised cells were

subcutaneously injected into SCID mice. Two weeks after
injection, a nodule formed by the injected cells was excised
from the mice and fixed with 10% formaldehyde solution.
The structure of the cyst was examined by light microscopy
after haematoxylin-eosin (H&E) staining.

Results

Transient expression of SV40 T antigen in oesophageal
epithelial cells infected with ori-

Cultured human oesophageal epithelial cells were infected
with ori- at the indicated m.o.i. Expression of SV40 T
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antigen in the infected cells was analysed by immunocyto-
chemical staining. Table I shows that the SV40 T antigen-
positive cells increased in number as the m.o.i. was increased.
Between 15% and 30% of the infected cells were positive at
an m.o.i. of 100 PFUs per cell.

'Serum-resistant' colony formation

Normal oesophageal epithelial cells differentiated and stop-
ped growing in medium supplemented with serum. To
examine whether the ori -infected cells formed 'serum-
resistant' colonies, primarily cultured oesophageal epithelial
cells were infected with ori- at the indicated m.o.i. The
virus-infected cells were cultured in the MCDB 153 growth
medium for a week. Then medium was changed to DMEM
supplemented with 10% FCS and cultured for a further 3
weeks. These culture conditions were also used to select
partially transformed murine keratinocytes (Yuspa and
Morgen, 1981) and human papillomavirus (HPV)- or SV40-
transformed human epidermal keratinocytes (Shlegel et al.,
1988; Inokuchi et al., 1991). The medium was changed every
3 days. During the cultivation, almost all cells stopped grow-
ing and became detached from the dish. A few cells kept
growing and formed 'serum-resistant' colonies. Table II
shows the number of 'serum-resistant' colonies formed under
these conditions. More colonies were formed as the m.o.i.
was increased. Frequency of 'serum-resistant' colony forma-
tion was approximately 0.01% at an m.o.i. of 100 PFUs per
cell. The colonies were analysed by light microscopy. Figure
1 shows that the 'serum-resistant' colony was composed of
many small cells and a few larger cells.

Table I Transient expression of SV40 T antigen after infection with
recombinant virus vector

Multiplicity of Percentages of T antigen
infection (m.o.i.) positive cellsA
100 29.0, 16.6
10 4.3, 3.2
1 1.4, 1.0

Mockb <0.1, <0.1
aCells were fixed and stained 48 h after infection. 'Treated with

virus-free supernatant of 293 cells.

Table II 'Serum-resistant' colony formation after infection with
recombinant virus vector

Multiplicity of Number of 'serum-resistant'
infection (m.o.i.) colonies (per 10' cells)a
100 16, 9
10 4, 1

1, 0
Mock 0, 0

aNumber of 'serum-resistant' colonies 4 weeks after infection.

Figure 1 Morphology of a 'serum-resistant' colony 4 weeks after
infection of the recombinant SV40 adenovirus vector examined
by phase-contrast microscopy. Bar = 200 tAm.
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Immortalisation of the cells infected with ori-

The cells in each 'serum-resistant' colony described above
were picked up using cloning cylinders and were subcultured
in MCDB 153 growth medium in the absence of FCS. The
subcultured cells were passaged when they became confluent
in a dish. The SV40 T antigen was expressed in all cells in
'serum-resistant' colonies to the extent that they were
examined. However, the majority of cells underwent the crisis
within 2 months after subculture in MCDB 153 growth
medium without serum. During the crisis period, almost all
of the cells were still immunopositive for SV40 T antigen.
After long crisis periods, some of the cells derived from
'serum-resistant' colonies passed the crisis and kept growing
for over 12 months under the culture conditions described.
These cells expressed both SV40 T antigen (Figure 2a) and
human epithelial keratin (Figure 2b). The cells exhibited a
small cobblestone pattern (Figure 3b) and resembled
primarily cultured oesophageal epithelial cells (Figure 3a) in
morphology. Therefore, they were regarded as immortalised
oesophageal epithelial cells. Table III shows the number of
colonies from which cells were immortalized.

In contrast, when the cells derived from 'serum-resistant'
colonies were passaged into DMEM containing 10% FCS
after treatment with trypsin, the cells always differentiated
and stopped growing. Immortalised cells did not appear.
These results suggested that the cells were not completely
insensitive to FCS, even though they were derived from
'serum-resistant' colonies.

a

b

Figure 2 Immunocytochemical staining of immortalised cells for
SV40 T antigen (a) and human keratin (b). The cells were
counterstained with 0.2% light green SF (a).
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Table III Immortalisation of cells derived from 'serum-resistant'
colonies

Number of 'serum-resistant' Immortalised
Sample no. colonies picked upa coloniesb
1 3 0
2 2 0
3 3 0
4 6 0
5 10 2
6 2 1
7 5 0
8 2 0
aNumber of 'serum-resistant' colonies formed when 105 cells were

infected with the recombinant virus at an m.o.i. of 10 PFUs per cell.
bNumber of immortalised colonies among the 'serum-resistant'
colonies subcultured.

Table IV Percentage of involucrin-positive cellsa
InducerSb

None 10% FCS 2mM Ca-" TPA
Normal oesophageal 2 14 16 15

epithelial cells

SV40-immortalised <0.1 0.2 <0.1 <0.1
oesophageal epithelial
cells
aOne thousand cells were counted for each value. bCells were

cultured in MCDB 153 with each inducer added for 24h.

c

Figure 3 Morphology of normal oesophageal epithelial cells (a)
and immortalised oesophageal epithelial cells cultured in MCDB
153 growth medium containing 0.1 mm calcium (b). Immortalised
cells grown in medium containing 2 mm calcium for 48 h (c).
Phase-contrast microscopy. Bar = lOOim.

Characterisation of the immortalised cells

Normal oesophageal epithelial cells cultured in MCDB 153
growth medium were altered morphologically when the cal-
cium concentration was increased to 2 mM. The alteration
was associated with cell differentiation in vitro. Therefore, we

examined the effect of calcium ions on the immortalised cells.
The immortalised cells were cultured in growth medium with
2 mm calcium ions. Figure 3b and c shows that high calcium
concentration induced morphological alteration of the
immortalised cells. When the immortalised cells were cultured
in growth medium with low calcium concentration (0.1 mM),
cells homogeneous in size formed a cobblestone monolayer
with loose contact between the cells (Figure 3b). However,
48 h after an increase in concentration of calcium ions to
2 mM, the cell morphology was altered and became flattened
with relatively close cell-to-cell contact (Figure 3c).

It has been reported that some agents induce terminal
differentiation of cultured human epidermal keratinocytes
(Mufson et al., 1982; Pillai et al., 1988). To examine the
effect of some of the inducers on differentiation of normal or

immortalised oesophageal epithelial cells, we analysed the

Table V Effect of TGF-P on cellular DNA synthesisa
Concentration of TGF-P, (ngmlh')
0 0.1 1 10 30

Normal oesophageal 100 68 36 15 18
epithelial cells

SV40-immortalised 100 103 81 76 60
oesophageal
epithelial cells
aPercentage [3H]thymidine uptake in treated cells with respect to

the untreated cells. Each number is a mean value of triplicate
experiments.

expression of involucrin after induction using immuno-
cytochemical staining. Involucrin, one of the differentiation
markers, is a precursor protein of the cornified envelope of
human epidermis and is localised above the suprabasal layer
in normal eosophageal epithelial tissues (Banks-Schlegel and
Green, 1981). Table IV shows that involucrin-positive cells
were increased in number when normal oesophageal epi-
thelial cells were treated with high concentrations of calcium
ions, FCS or TPA. However, such treatment hardly affected
the immortalised cells.

Cellular DNA synthesis was blocked by treatment of TGF-
1 in normal human epidermal keratinocytes, but not in the
SV40-transformed human epidermal keratinocytes (Shipley et
al., 1986; Pietenpol et al., 1990). We examined the effect of
TGF-P on DNA synthesis of normal or immortalised
oesophageal epithelial cells 24 h after treatment. Table V
shows that normal oesophageal epithelial cells were sensitive
to TGF-P. Compared with the normal cells, the immortalised
cells were less sensitive to TGF-P, but the cells still retained
sensitivity.

It has been reported that SV40-transformed epidermal
keratinocytes express fetal-type keratins (Bernard et al., 1985;
Morris et al., 1985). To examine whether immortalised
oesophageal epithelial cells expressed these proteins, keratin
fractions were prepared from normal and immortalised
human oesophageal epithelial cells and analysed as described
in Materials and methods. Keratins with molecular masses of
45 kDa and 52.5 kDa were detected in the immortalised cells
(Figure 4b) but not in cultured normal oesophageal epithelial
cells (Figure 4a). In addition to these keratins, a spot with c.

a
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Figure 4 Two-dimensional gel electrophoresis of keratins. Kera-
tins were prepared from cultured normal oesophageal epithelial
cells (a) or immortalised cells (b). Arrowheads indicate no. 18 and
8 keratins with molecular masses of 45 and 52.5 kDa respectively.

C

60 kDa molecular mass and pl 5.4 was detected in the
immortalised cells, but we have not yet characterised it.

Proliferation and differentiation of the immortalised
oesophageal epithelial cells in SCID mice

The oesophageal epithelial cells derived from 'serum-
resistant' colonies cultured in the MCDB 153 growth
medium for 1.5 months were termed precrisis cells. Either
precrisis cells or immortalised cells were subcutaneously
injected into SCID mice. Cultured normal eosophageal
epithelial cells were also injected into the mice. All of them
transiently formed epithelial cysts at the injection site 2 weeks
after injection, which regressed within 2 months. No tumour
was formed within 12 months after regression of the cyst,
suggesting that the immortalised cells were not tumorigenic.

Histological analyses showed that both normal and 1.5
month cultured precrisis cells proliferated and differentiated
in SCID mice. The normal cells generated cysts, in which
fully differentiated oesophageal epithelium was reorganised
(Figure 5a). After injection of the precrisis cells, an apparent
basal layer and middle layer of the oesophageal epithelium
with intercellular bridge formation were constructed in the
interior of the cyst, although the upper layer was not fully
organised (Figure 5b). The immortalised, post-crisis cells also
proliferated and differentiated, but they did not show the
typical differentiation pattern (Figure 5c). In this case, the
basal layer was indistinct and the polarity of cell
differentiation was obscure. Irregularities in nuclear size and
shape were also observed.

Figure 5 Photomicography of a cyst wall in SCID mice (H&E
staining). Bar = 50,m. The cyst was formed 2 weeks after injec-
tion of normal oesophageal epithelial cells (a) and cells derived
from a 'serum-resistant' colony which kept growing in MCDB
153 growth medium for 1.5 months (b) and for over 12 months
(c).

Discussion

Highly efficient SV40 early gene expression was obtained
when human oesophageal epithelial cells were infected with a
recombinant SV40 adenovirus vector. This indicated that a

a
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recombinant adenovirus vector should be useful to transfer
foreign genes into human oesophageal epithelial cells as well
as human epidermal keratinocytes as described previously
(Inokuchi et al., 1991).
Human oesophageal epithelial cells were transformed into

'serum-resistant' cells by SV40 T antigen, as were human
epidermal keratinocytes (Steinberg and Defendi, 1979;
Inokuchi et al., 1991), although the original cells
differentiated and stopped growing in the presence of serum.
The frequency of 'serum-resistant' colony formation of
human oesophageal epithelial cells infected with ori- at an
m.o.i. of 100 PFUs per cell, 0.01%, was almost the same as
that of human epidermal keratinocytes (Inokuchi et al.,
1991).
More 'serum-resistant' colonies were formed when higher

m.o.i. values were employed (see Table II). However, col-
onies were so dense that each colony could not be separately
picked up. Therefore, the ori-infected oesophageal epithelial
cells were infected at an m.o.i. of 10 PFUs per cell in order
to pick up 'serum-resistant' colonies. When cells picked up
from the colonies were subcultured in the MCDB 153 growth
medium, some of the 'serum-resistant' cells acquired the
capacity to keep growing in the serum-free medium with low
calcium concentration for over 12 months. These cells were
considered to have passed the cell crisis and become immor-
talised. These immortalised cells developed from only three
out of the 33 'serum-resistant' colonies (less than 10%). Such
immortalisation was also observed in the 'serum-resistant'
epidermal keratinocytes transformed by the SV40 early gene
or human papillomavirus type 16 gene (Schlegel et al., 1988;
Inokuchi et al., 1991). In this case, more than 80% of
epidermal keratinocytes derived from 'serum-resistant' col-
onies were immortalised. This suggested that the immor-
talisation frequency of human oesophageal epithelial cells
was lower than that of human epidermal keratinocytes.
Although the exact reason is not known, it might be due to
the difference in their original characteristics or the number
of oncogenes introduced.

In our results, almost all of the cells derived from 'serum-
resistant' colonies continuously expressed the SV40 T
antigen. However, the majority of them showed limited life-
spans and only a few cells passed the crisis period. These
findings suggested that the expression of SV40 T antigen
itself did not directly cause immortalisation of human
oesophageal epithelial cells. Although the cells in 'serum-
resistant' colonies were selected for both resistance to
differentiation and prolonged cell growth, additional un-
known event(s) appear to be required for their immortalisa-
tion.

SV40-transformed epidermal keratinocytes showed in-
creased expression of keratin species with molecular masses
of 45 kDa and 52.5 kDa, i.e. keratin nos. 18 and 8 respec-
tively in Moll's catalogue (Moll et al., 1982; Bernard et al.,
1985; Morris et al., 1985). The immortalised oesophageal
epithelial cells also expressed these keratins (see Figure 4b).
This suggested that expression of these keratins was partly
dependent on SV40 T antigen expression. These keratins

were also found in fetal and simple epithelial cells (Moll et
al., 1982). However, they were only rarely detected in normal
oesophageal epithelium or human eosophageal carcinoma
(Moll et al., 1982; Grace et al., 1985; Banks-Schlegel and
Quinto, 1986; Boch et al., 1988).
The immortalised oesophageal epithelial cells preserved

characteristics of normal oesophageal epithelial cells. The
cells were altered morphologically by treatment with high
calcium ion concentrations and were also sensitive to TGF-P,
although they were less sensitive than the normal cells (see
Table V). It was also reported that SV40-immortalised
human esophageal epithelial cells had the ability to respond
to TGF-P (Stoner et al., 1991). However, SV40-immortalised
epidermal keratinocytes were usually found to be insensitive
to TGF-P (Pietenpol et al., 1990). Therefore, the sensitivity of
the SV40-immortalised cells to TGF-P differed between
human oesophageal epithelial cells and human epidermal
keratinocytes. This suggested that the signal transduction
pathways of TGF-P through its receptor were different.

Primarily cultured oesophageal epithelial cells were
induced to express involucrin by treatment with some
differentiation inducers. However, the immortalised cells
hardly expressed involucrin after treatment with the inducers
under our assay conditions. This suggested that the immor-
talised cells lost their original capacity to respond to the
inducers.
The cells derived from 'serum-resistant' colonies were

maintained in the serum-free medium for 1.5 months as
precrisis cells. When either the precrisis cells or the immor-
talised cells were subcutaneously injected into SCID mice,
they transiently formed epithelial cysts at the injection site.
However, they were not tumorigenic. The 1.5 months cul-
tured precrisis cells formed epithelial structures with an ap-
parent basal layer and a differentiation pattern of
oesophageal epithelium. The 12 months cultured immor-
talised cells also formed a cyst. However, the inner structure
was different from that formed by precrisis or normal
oesophageal epithelial cells. The basal layer and cellular
polarity were obscure. The results indicated that immor-
talised cells cultured for over 12 months did not retain all of
the original activity of regeneration in vivo. However, pre-
crisis cells cultured for 1.5 months still retained the ability to
regenerate a structure resembling normal oesophageal
epithelium, even though they were derived from the 'serum-
resistant' colony.
The oesophageal epithelial cells immortalised by recom-

binant SV40 adrenovirus vector still had some of their
original characteristics and were not tumorigenic in SCID
mice. These immortalised cells should be useful in studying
oesophageal carcinogenesis and in assessing cooperative
effects with other oncogene products or carcinogens.
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