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ABSTRACT

We have developed four murine epidermal cell lines which form
squamous papillomas when grafted to athymic nude mice in a reconsti
tuted skin. Two of the lines, SP-1 and HIM, were derived from pools of
papillomas produced on SENCAR and BALB/c mouse skin, respectively,
by initiation with 7,12-dimethylbenz(a)anthracene and promotion with
12-0-tetradecanoylphorbol-13-acetate. Line 308 was derived from
BALB/c mouse skin initiated in vivo with 7,12-dimethyl-
benz(a)anthracene, culture of the epidermal cells, and selection of cells
resistant to Ca2*-induced terminal differentiation. Line LC14 was derived

from untreated, cultured newborn BALB/c mouse primary epidermal
cells which spontaneously developed resistance to Ca2*-induced terminal
differentiation. Each line has an activated ras"* gene with a mutation

within codon 61. Cells from all four lines, in contrast to normal primary
epidermal cells, survive in medium with Ca2* levels > 0.1 HIM.Clona)

growth studies in culture showed a unique growth pattern for each of the
four lines in medium with 1.4 HIMand 0.05 miviCa2*, with or without

n-O-tetradecanoylphorbol-lS-acetate. Early passage cells of these lines
should provide a valuable resource for detecting genes or genetic altera
tions which complement an activated ras gene to cause malignant conver
sion and for studying the biology of tumor promotion.

INTRODUCTION

The principal end products of chemical initiation-promotion
protocols in mouse skin are benign tumors called papillomas
(1). A small percentage of papillomas spontaneously converts
to carcinomas, and the conversion step can be enhanced by
exposing papilloma-bearing mice to chemical mutagens (2).
However, the ability to study the underlying genetic changes
associated with malignant conversion is limited in vivo since
the clinical appearance of the carcinoma from a preexisting
papilloma is likely to occur considerably later than the actual
converting event. We have shown previously that malignant
progression can be enhanced in cell lines derived from papillo
mas by the introduction of an activated raÃ""(T24) oncogene

(3). However, these studies utilized cell lines without a trans
forming oncogene detectable in the 3T3 cell transfection assay.
Thus, the identity of the endogenous genes which comple
mented ray"" was unknown.

We have sought to develop lines of initiated epidermal cells
containing an identifiable mutation in a protooncogene which
is known to be an initiating mutation. Such lines would be
useful to correlate the papilloma phenotype with a specific
genetic change to study the biological mechanism of tumor
promotion and to analyze the genetic events associated with
the conversion of benign to malignant tumors. This paper
describes the development and characterization of four cell lines
which form squamous papillomas when grafted to nude mouse
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hosts. DMBA3 was the initiating carcinogen for three of the

lines, while one was never treated with carcinogen. Each line
contains an activated ray"" oncogene. We describe here the

behavior of these cells in culture and //; vivo and the nature of
the activating mutation.

MATERIALS AND METHODS

Cell Line Derivation. Line 308 was derived from adult BALB/c mouse
skin initiated in vivo with DMBA. The epidermal cells were cultured
and a selection was made for cells resistant to C'a- ' induced terminal

differentiation. This property is associated with initiated cells (4, S).
The derivation of line 308 has been described previously (4).

Papilloma cell lines SP-1 (from SENCAR papilloma) was developed
from papillomas produced on female SENCAR mice 2 months old at
the time of initiation by a single topical application to the back skin of
20 UKDMBA in 200 //I of acetone. Beginning 1 week after initiation,
promotion by topical treatment with 2 Â¿igTPA in 200 /il acetone, once
a week for 5 weeks, was begun. This protocol yields papillomas with a
high probability of conversion to carcinomas (6). Cells were prepared
from papillomas pooled from S mice at 16 weeks after initiation by
mincing and digestion with collagenase followed by trypsin, as described
previously (7). Cells were plated in dishes coated with fibronectin and
collagen in Eagle's minimum essential medium with a (V' concentra

tion of 0.05 HIM.All medium used in developing the papilloma cell
lines was conditioned by exposure for 2 days to a confluent culture of
primary dermal fibroblasts. Details of the culture procedure were as
previously described (7) except that epidermal growth factor was omit
ted from the medium. Papilloma line BP-4 (BALB/c papilloma) was
similarly derived from papillomas produced on BALB/c mice initiated
and promoted as described for SENCAR mice above, except that
initiation was with 50 /ig of DMBA and promotion was with 10 Â¿/gof
TPA once a week for 30 weeks. Papillomas were removed 31 weeks
after initiation.

Line LCI4 developed spontaneously from untreated cultures (0.05
HIM Ca2*) of newborn BALB/c primary epidermal cells which were

maintained without passage for 5 months with 3 times weekly changes
of medium. Thereafter, subcultures were passaged at confluence with
the same medium and schedule of medium changes.

Cell Culture. Cells were cultured at 36Â°Cin a humidified atmosphere
with 10% CO, in Eagle's minimum essential medium with 8% fetal calf
serum and Ca2* concentration of 0.05 mM ("low Ca2+ medium").
Raising Ca2+levels to >0.1 mM ("high Ca2* medium") induces terminal

differentiation in normal primary keratinocytes (8). Primary dermal
fibroblasts used in grafts were cultured at least 1 week in medium
containing 1.4 mM Ca2*to eliminate epidermal cells. For clonal growth

studies, each of the papilloma cell lines was plated at 100, 500, 1000,
10,000, and 100,000 cells/60-mm dish in medium with 0.05 mM or 1.4
mM ( 'a;'. After 24 h, medium was replaced with fresh medium either

with or without 100 ng/ml TPA. Medium changes were subsequently
made 3 times/week, including fresh TPA for each group receiving this
treatment. Triplicate dishes for each treatment condition were stained
with crystal violet at 1,2, and 3 weeks after plating.

Skin Grafting to Athymic Nude Mice. Two-month-old male HALB/
c-derived nude mice were used as hosts. Animals were anesthetized
with Nembutal and sterile surgical technique was used. Cell pellets (a

'Thi' abbreviations used are: DMBA, 7,12-dimethylbenz(a)amhracene; EGF,
epidermal growth factor; TPA, 12-0-tetradecanoylphorbol-13-acetate.
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mixture of 5 x IO6epidermal cells and 8 x IO6dermal fibroblasts) were

applied within a silicone chamber to a granulated graft bed as we
described previously (9). This procedure was modified from that of
\uspaetal. (10) and Worst et al. (11). Cells were removed from culture
dishes by treatment with trypsin and washed with medium. Suspensions
of epidermal cells and primary dermal fibroblasts from the same mouse
strain were centrifuged, the medium was aspirated, and the cells were
applied to the graft bed using a sterile plastic transfer pipet.

Identification of an Activated ras"" Oncogene. High molecular weight

DNA was isolated from each of the cell lines or from tumor tissue as
described by Wigler et al. (12). NIH 3T cells (5 x 105/60-mm dish)
were plated in Dulbecco's minimum essential medium with 10% calf

serum 24 h prior to transfection. Twenty /ig of DNA were transfected
into each of two 60-mm dishes, using the calcium phosphate coprecip-
itation technique (13). After a 4-h incubation period the cells were
subjected to a 3-min treatment with 25% (v/v) dimethyl sulfoxide in
medium and returned to medium without dimethyl sulfoxide for an
additional 24 h. Five days later, cells were removed from the 60-mm
dishes by treatment with trypsin, combined, replated in four 100 mm
dishes, and medium was changed 3 times weekly for 21 days. At this
time foci of morphologically transformed cells were scored and cloned
for secondary transfections. Control transfections were with calf thymus
or primary epidermal cell DNA.

DNA from SP-1, 308, LCI4, and BP-4 cells, as well as papillomas
produced from 308 cells in grafts and secondary transfectants into NIH
3T3 cells were assessed for the presence of the Xbal restriction enzyme
polymorphism indicative of the activation of the iti\"J gene by a point

mutation within codon 61 (14). DNA (20 Â¿tg)was digested with Xbal
(5 units/Vg), followed by electrophoresis in a 0.7% agarose gel and
transfer to a nitrocellulose filter. Filters were hybridized to the BS9 v-
ras"' insert (32P-labeled, random-primed, specific activity 2 x IO8cpm/
iig) under stringent conditions of Sx Denhardt's solution [bovine serum

albumin (Pentex fraction), Ficoll 400, and polyvinyl pyrrolidone, each
at 0.1 g/100 ml] and 900 mM NaCl-15 mM sodium citrate, and 200
^g/ml yeast tRNA at 42"C. Filters were washed to a final stringency of
75 mM NaCl-7.5 mM sodium citrate-1% sodium dodecyl sulfate at 65Â°C

and placed against Kodak XAR5 film with an intensifying screen for
autoradiography for 24-72 h at -70Â°C.

RESULTS

Each of the cell lines resembles normal epidermal basal cells
when cultured in medium with Ca2+ levels <0.1 mM (8). Fig. 1
shows the morphology of SP-1 cells in medium with high and
low Ca2+ levels. The morphologies of lines 308, BP-4, and
LCI4 were similar. When the Ca2+ concentration is >0.1 mM,
both normal cells and SP-1, 308, BP-4, and LCI4 cells change

morphologically and become more squame-like. Whereas this
change progresses to complete terminal differentiation and cell
death in normal cells (8), the papilloma cell lines persist indef
initely in medium with higher Ca2+ levels. Apparently, some

cells in the population undergo terminal differentiation, but cell
renewal is continuous, leading to a stable population density.
Unlike normal cells which are irreversibly committed to ter
minal differentiation after 24-48 h in medium with Ca2+ levels

> 0.1 HIM,papilloma cells can revert to basal cell morphology
at any time when transferred to medium with < 0.1 mM Ca2"1".

Each of the four cell lines exhibited a unique growth pattern
in clonal growth studies in culture (Fig. 2). Line BP-4 required
a higher plating density (100,000 cells/dish) to obtain clonal
growth than the other three lines (see legend to Fig. 2), in both
high and low Ca2+conditions. TPA was inhibitory to growth of
this cell line, especially in low Ca2* medium. Line SP-1 grew
better in low than in high Ca2+, and TPA treatment reduced
colony size in medium with low Ca2+ but not in high Ca2+. Line
308 cells, on the other hand, grew better in high Ca2+ than low

and TPA was stimulatory to cell growth under both conditions.
TPA was also stimulatory to growth of LCI4 cells at both Ca2"1"
levels, but LCI4 cells grew better in medium with low Ca2+
than in high. Under high Ca2+ conditions, colony formation

was minimal in the absence of TPA.
When grafted to athymic nude mouse hosts along with pri

mary dermal fibroblasts, SP-1 (passage 11), BP-4 (passage 4),
308 (passage 16), and LCI4 (passage 8) cells produced squa-
mous papillomas (Fig. 3). Primary epidermal cells similarly
grafted produced normal although sometimes hyperplastic skin.
Histologically, the papillomas were moderately dysplastic and
frequently contained an inflammatory infiltrate (Fig. 3). How
ever, they were highly differentiated, with extensive keratini-
zation. Occasionally, nests of cells were noted in the stromal
component near the muscularis of the host. Since these nests

0.05 mM Cd

1.4 mM Co
. .:.t-..^AA.'*.....

K53fc^JÃŽ--$cy/x^i â€¢-!"â€¢"" ;-:;̂ ;S^

Fig. 1. Morphological appearance of papilloma line SP-1 in medium with
0.05 mM Ca2* (A) and 1.4 mM Ca2* (B). Phase contrast.

0.05 mM Co

0.05 mM Co I
+ TPA

1.4 mM Co
+ TPA

Fig. 2. Clonal growth of papilloma lines SP-1 (A), 308 (B), BP-4 (Q, and
LCI4 (D) in medium with low Ca2* and high Ca2*, with or without 100 ng/ml
TPA. Plating density was 1000 cells/60-mm dish for SP-1 cells, 500 cells/dish
for 308 cells, 100,000 cells/dish for BP-4, and 500 cells/dish for LC14 cells.
Dishes were stained with crystal violet 2 weeks after plating.
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Fig. 3. I. histology of normal skin graft formed by primary epidermal cells
grafted to nude mouse hosts along with primary dermal fibroblasts. B, squamous
papillomas formed by SP-I cells similarly grafted. Papillomas produced by 111'
4, 308, and LCI4 cells were similar in appearance. C, histology of papilloma
resulting from graft of SP-1 cells. H & E.

did not invade the muscularis and were not morphologically
different from other cells in the benign tumors, we assume that
they represent tumor cells growing among the stromal cells
with which they were originally mixed at the time of grafting.
No tumor formation occurred within 8 weeks after s.c. injection
of 5 x IO6SP-1 or 308 cells, with or without dermal fibroblasts.

The papillomas from which the SP-1 line was derived were
produced by a 5-week promotion period with TP A, a protocol
which has been shown to produce papillomas with a high
likelihood of spontaneous conversion to malignancy (6). To test
the spontaneous conversion potential of SP-1 cells, cultures
were maintained at confluency with biweekly medium changes
or treated continuously for 6 to 8 weeks with TPA (100 ng/ml)
or EGF (10 ng/ml) in medium with low Ca2+. When these cells

were grafted to nude mouse recipients, no evidence was seen
that any treatment affected the conversion rate. That each of
the four cell lines was capable of malignant conversion was
shown by studies in which grafted cells from later passages
appeared initially to form benign papillomas, but these changed
within several weeks to an appearance characteristic of carci
nomas. Histologically, focal areas of carcinoma were confirmed.
Line BP-4 was most inclined to malignant conversion. There
fore, only early passages of each cell line were used for subse
quent studies, and cells were tested frequently by grafting.

Quintanilla et al. (14) have shown that a high percentage of
papillomas and carcinomas produced by initiation with DMBA
have an activated ras gene, a finding confirmed in several
laboratories (15).4 Since 3 of our 4 cell lines were derived from
DMBA-initiation protocols, we examined all of them for the
presence of transforming genes using DNA transfections into
NIH 3T3 cells (Table 1). Transfection of 20 Â¿igof DNA from
each of the 4 lines gave morphologically transformed foci with
frequencies of 0.3-1.3 foci/^g of DNA transfected. DNA from
randomly selected foci were also positive in secondary transfec-
tion experiments. Transfection of calf thymus or primary epi
dermal cell DNA gave no spontaneous foci in five experiments
each. Focus-forming DNAs and DNA from secondary trans
formants were analyzed for the presence of the Xbal polymor-

4 D. A. Greenhalgh et al., unpublished observations.

Table 1 Results of DNA transfection assays into NIH 3T3 cells
The results given for controls and cell lines are mean values from 2 to 5

experiments. Others are from single experiments. Foci were scored 21 days after
transfection.

Source of DNA No. of dishes
Transformed

foci/dish"

Cell lines
308
BP-4
SP-1
LC14

Papillomas from grafted 308
cells

29
20
8
8

8
10
6

27

ABPrimary

transfectants308BP-4SP-1Papilloma

308APapilloma
308BControlsCalf

thymus DNA444,

4, 4,4*4,4.4*44420Primary

epidermal cell DNA 34345,23,865006,

30,26*23,
27*"

Calculated by: (total foci)/(number ofdishes)."
Multiple values are fromseparate individual clones.

A 1 2 3 3456

-
tftfutt.M

Fig. 4. Southern blot analysis of the ras"' gene for the Xba\ restriction

polymorphism in DNA from cell lines and secondary NIH 3T3 transfectants. A,
analysis without depurination prior to transfer to nitrocellulose. Lanes: DNA
from (Lane I) normal newborn mouse primary epidermal cells; (Lane 2) BP-4
cells; (Lane 3) 308 cells; (Lane 4) secondary NIH 3T3 transfectants from 308
cell DNA; (Lane 5) papillomas produced by 308 cells; (Lane 6) secondary
transfectants from 308 papilloma DNA; (Lane 7) SP-1 cells; (Lane 8) secondary
NIH 3T3 transfectants from SP-1 cell DNA. B, analysis including a depurination
step prior to transfer to nitrocellulose. Lanes are as in .1 with the addition of
(Lane 9) LCI 4 cells. AA, kilobases.

phis in creased by an A to T transversion within codon 61 of
the ras11' gene (14). As shown in Fig. 4, each lane, except the
control in Lane /, exhibits the 8-kilobase and 4-kilobase bands
characteristic of this mutation in addition to the normal alÃele
at 12 kilobases. In preliminary experiments (Fig. 4.1). compar
isons of the relative intensities of the mutated versus the normal
alÃelesin lines 308 and BP-4 suggested that the mutated alÃele
had become amplified. However, further studies in which a
depurination step (16) was added prior to transfer of the DNA
to nitrocellulose (Fig. 4B) indicated that the apparent amplifi
cation in the cell lines was a transfer artifact due to an incom
plete transfer of the larger, normal alÃele.On the other hand,
activated ras"' sequences from the secondary transfectants ap

peared to be truly amplified, since even after depurination,
DNA from these NIH 3T3 cells had more intense bands at 4
and 8 kilobases than that of the normal 12-kilobase alÃele(Fig.
4Ã„,Lanes 4, 6 and 8).

DISCUSSION

We have developed four epidermal cell lines which produce
squamous papillomas when grafted, along with primary dermal
fibroblasts, to nude mouse recipients. Three of these lines (BP-
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4, SP-1, and 308) originated from epidermal cells initiated with
DMBA. Lines SP-1 and BP-4 were derived from papi litunas
produced on the backs of SENCAR and BALB/c mice, respec
tively, by repeated treatments with the tumor promoter TPA
after initiation. SENCAR mice are highly susceptible to skin
carcinogenesis by this protocol, while BALB/c mice are more
resistant (17). Line 308 was derived from BALB/c mouse
epidermal cells obtained by selection in culture for cells resistant
to Ca2+-induced terminal differentiation after initiation in vivo

with DMBA. Line 308 was previously described by us (4, 18),
but this is the first report that 308 cells can produce papillomas
in vivo. LCI4 cells appear to be spontaneously initiated cells
from cultures of newborn BALB/c primary epidermal cells.

During the past several years our laboratory has provided
evidence for an association between initiation of carcinogenesis
in mouse skin and resistance to terminal differentiation (4, 5,
19, 20). Induction of terminal differentiation in cultures of
epidermal cells from initiated skin by raising ( 'a'~ levels in the

medium leads to survival of resistant foci which can be ex
panded to produce cell lines (19). Using this technique, we have
developed lines of presumed initiated cells from newborn and
adult mouse epidermis, initiated in vivo or in culture, with
DMBA or A'-methyl-A''-nitro-Af-nitrosoguanidine as initiating

agent (4, 21). Many of these lines were nontumorigenic when
tested by s.c. injection into athymic nude or syngeneic newborn
hosts. Furthermore, we showed that infection of normal mouse
epidermal cells with Harvey murine sarcoma virus, which con
tains an activated raÃ"' gene, results in cells with properties

similar to those we have found for our presumed initiated cell
lines, in particular, survival in culture under conditions that
would lead to death by terminal differentiation in normal cells
(22). Experiments with temperature-sensitive mutants in the
ras"* gene demonstrated that the ras gene was responsible for

the resistance to terminal differentiation (22). Utilization of the
skin grafting technique to athymic nude mouse hosts allowed
us to test directly the biological behavior of our presumed
initiated cell lines in a relatively normal epidermal environment.
The formation of squamous papillomas would be a clear dem
onstration that our test cells were at least initiated. We inserted
the activated ras"" gene into normal primary epidermal cells
using a replication-defective engineered virus and showed that
the cells, when grafted, formed papillomas similar to those
produced by initiation-promotion protocols /'// vivo (19).

The present study complements these earlier experiments by
demonstrating that three cell lines, all derived from protocols
involving initiation with DMBA, have an activated endogenous
r<fv"agene and all form benign squamous papillomas when

grafted. Furthermore, line LCI4, a line derived from primary
BALB/c mouse epidermal cell cultures in which the ras""

oncogene spontaneously was activated, also produces papillo
mas when grafted. Our findings are in agreement with those of
Brown et al. (23), who showed that Harvey murine sarcoma
virus painted onto wounded back skin of mice led to the
formation of papillomas when the skin was treated with TPA.
These investigators (14) also reported that a large majority of
papillomas arising from mouse skin initiated with DMBA have
an activated ras11"gene. Our cell lines contain a ras gene with a

new Xbal restriction site in codon 61, suggesting that the A to
T transversion reported by Quintanilla et al. (14) has occurred.
This activating mutation probably explains the results of trans-
fection assays with NIH 3T3 cells.

Our results demonstrate the importance of depurination of
DNA in gels before transfer to nitrocellulose, since in the
absence of depurination, transfer artifacts resulted in changes

in the relative intensity of bands. Initially, this led us to the
erroneous conclusion that amplification of the mutated alÃele
or loss of the normal alÃelehad occurred. Fig. 4B shows that
after depurination there is no evidence for amplification of the
activated ras"' sequences in the original cell lines, but amplifi
cation is seen in the NIH 3T3 cells which are secondary trans-

fectants.
Our finding of a spontaneous raÃ"*gene activation in LCI4

is of interest but is also problematic. The unique clonal growth
properties and response to TPA treatment by LCI4 cells dem
onstrate that it is not an accidental contamination by one of
the other cell lines. A high frequency of spontaneous mutation
at codon 61 of the roÃ""gene in keratinocytes could complicate

the interpretation of studies in vivo suggesting direct mutation
of this site by the initiating carcinogen. Several other cell lines
which have spontaneously evolved in culture and have an altered
response to medium with high Ca2+ levels are currently under

study in this laboratory. To date, LCI4 is the only line found
with a spontaneous codon 61 mutation." From other studies
(22,24) it is clear than an activated roÃ""gene provides a strong

growth advantage to keratinocytes cultured in medium with low
Ca2+ levels. The conditions used to derive LCI4 may have

selected for such a mutation, which may be rare. Nevertheless,
the possibility that spontaneous mutation at this site is favored
in cells which have initiating mutations other than activation
of the raÃ""gene must be considered until further analysis of

the frequency of this mutation can be completed.
Each of the four cell lines had unique clonal growth proper

ties, Ca2+ requirements, and responses to treatment with TPA.

With the exception of LCI4, all could proliferate and clonally
expand in medium with high ( V. In the simplest genetic
situation, in which a single activated raÃ"' gene was inserted

into normal cultured keratinocytes (22, 24), proliferation of the
recipient keratinocytes was limited to growth in low Ca2+ con

ditions. Together, these results suggest that, at a minimum, SP-
1, BP-4, and 308 cells have further genetic changes in addition
to the activated raÃ""alÃele.These additional changes, however,

were insufficient to result in malignant conversion. The possi
bility of accommodating multiple genetic changes within the
benign phenotype could explain the biological heterogeneity
long known to be associated with skin papillomas (6).

Taking all these findings together, it now seems clear that
activation of the ras"' gene is associated with initiation in most

mouse papillomas initiated by DMBA. However, initiation not
involving activation of roÃalso occurs with DMBA and may be
more common with other initiators. An earlier attempt by our
laboratory to develop cell lines from papillomas induced in
SENCAR mice by initiation with DMBA and promotion with
TPA resulted in six cell lines (PA, PB, PC, PD, PE, and PF),
two of which (PC and PF) were nontumorigenic by s.c. injection
(7). When DNA from each of these cell lines was tested for
transforming activity by transfection into NIH 3T3 cells, no
such activity was detected in any line (3), implying the absence
of an activated roÃgene. We speculate that the inclusion of
EGF in the medium when isolating these six cells lines may
have led to selection of cells without an activated ras gene. It is
possible that epidermal cells initiated by DMBA in which the
roÃgene is not activated may respond preferentially to EGF,
perhaps through higher levels of EGF receptor. Yamamoto et
al. (25) have reported a high incidence of amplification of the
EGF receptor in human squamous carcinoma cell lines. In
recent experiments all six of our original papilloma cell lines
(PA, PB, PC, PD, PE, and PF) produced carcinomas in skin
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graft experiments.5 Other presumed initiated cell lines isolated
from foci resistant to Ca2+-induced terminal differentiation

after initiation in vivo or in culture have also proved to be
malignant when grafted. Although it is clear from shorter latent
periods and larger tumor size that grafting is a more sensitive
assay for tumorigenicity than s.c. injection, it is also clear that
initiated cells and papilloma cells can spontaneously convert to
malignancy both in grafts and in culture. However, with SP-1
at least, conversion was not affected by maintenance in culture
at confluence for 8 weeks or by treatment with EGF or TPA
for a similar time period. The latter observation is consistent
with results from in vivo carcinogenesis studies which demon
strate that TPA does not affect the rate conversion of papillo-
mas to carcinomas (2). Because of spontaneous conversion, it
is essential that viable stocks of papilloma cells frozen in liquid
nitrogen be established as early as possible and that frequent in
vivo tests for malignant conversion be done by grafting.

Presumably, the stability of the papilloma phenotype is an
inherent property of each cell line, with a particular probability
of conversion to malignancy at each cell doubling. Uniformly
malignant tumors should be more likely if conversion has
occurred before grafting, whereas focal malignancies within
papillomas should result from conversion of a single cell after
grafting. We have not explored spontaneous conversion rigor
ously, and spontaneous malignant conversion is now less fre
quent in our experiments since we no longer use cells at high
passage numbers. Furthermore, our routine histological evalu
ation of tumors is based upon a single random section. How
ever, within these limitations, it appears that the probability of
malignant conversion is higher for line BP-4 than for 308 and
SP-1. We have seen focal malignant conversion as early as
passage 4 in BP-4 cells, while by passage 8 all grafts were
squamous cell carcinomas. With line 308, cells from passage
40 produced papillomas with no evidence of malignancy in
about 80% of the grafts, with focal carcinomas in the remainder.
Spontaneous conversion seems less probable in line SP-1 than
line BP-4, but the relative probabilities for SP-1 and 308 are
not presently well defined. It is possible that malignant conver
sion may occur by a number of small steps so that, for example,
BP-4 cells may be much closer to malignancy than 308 cells.
This could explain a higher probability of conversion for line
BP-4 than for line 308.

The availability of cell lines that form papillomas in grafts
should allow us to create an "initiated" skin by grafting a small

number of papilloma cells in the presence of a large excess of
normal primary epidermal cells. In preliminary experiments,
we have shown that epidermal cells but not dermal fibroblasts
suppress papilloma formation in such mixtures. Using papil
loma cells into which we have inserted marker genes, such as
neomycin resistance, along with antisera specific for their gene
products, we should now be able to follow the development of
papillomas in "initiated" skin in response to tumor promotion
prior to their "clinical" appearance. Furthermore, we have

characterized benign tumor cells which can be used as targets
for the identification of potential malignant conversion genes.
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