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ABSTRACT

BALB/c 3T3 cells can be transformed by transfection of an activated
cellular oncogene as well as by chemicals. When the cells were trans
formed by pEJ-nw transfection, a marked increase in M, 21,000 protein
expression was found by Western blotting and immunohistochemical
staining, whereas no such increase was detected in cells transformed by
methylcholanthrene, suggesting two different molecular mechanisms. By
directly microinjecting a fluorescent dye (Lucifer Yellow (II) into indi
vidual cells, we measured junctional intercellular communication among
and between transformed and surrounding nontransformed cells. In both
chemical and oncogene transformation studies, transformed cells and
surrounding normal cells have similar capacities for gap-junctional com
munication, but there was complete lack of communication between
transformed and nontransformed cells. When BALB/c 3T3 cells were
transformed by methylcholanthrene initiation followed by phorbol ester
promotion, again we saw no intercellular communication between trans
formed and nontransformed cells, suggesting that the observed selective
communication block between transformed and nontransformed cells may
be a general phenomenon in BALB/c 3T3 cells. These results indicate
that selective lack of intercellular communication between transformed
and surrounding normal cells may be an important phenomenon that
separates transformed cells and nontransformed cells, permitting trans
formed cells to maintain autonomous growth.

INTRODUCTION

Using the BALB/c 3T3 cell transformation system, we have
studied the relationship between junctional intercellular com
munication and the process of cell transformation (1, 2). We
have obtained several lines of evidence suggesting that blocked
intercellular communication plays an important role during the
later stage (promotion) of the BALB/c 3T3 cell transformation
process. The evidence includes the following: (a) Phorbol ester
tumor-promoting agents inhibit junctional intercellular com
munication between BALB/c 3T3 cells (3), and there is a good
correlation between the ability of phorbol ester promoters to
inhibit junctional communication and to enhance cell transfor
mation (4). (b) Transformation-susceptible cell variants lose
their capacity for junctional intercellular communication when
they are confluent, whereas transformation-resistant variants
do not (5). These results and those of other investigators (6-8)
strongly suggest that blocked junctional intercellular commu
nication plays an important role in cell transformation.

In addition, we have been testing the working hypothesis
that, in order for transformed cells to maintain their trans
formed phenotype, they must have no communication with
surrounding normal cells. If transformed cells do communicate
with normal cells, the latter may neutralize the transformed

Received 10/8/86; revised 2/18/87, 6/29/87; accepted 8/10/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' Part of the study was funded by National Cancer Institute Grant ROÃ•
CA40534. Preliminary results of the work were presented at the 77th Annual
Meeting of the American Association for Cancer Research, Los Angeles, CA,
1986(24).

2To whom requests for reprints should be addressed.

phenotype by feeding some factors through gap junctions.
BALB/c 3T3 cell transformation provides us with an ideal
system for studying selective intercellular communication be
tween transformed and surrounding nontransformed cells, since
the system is a focus assay; i.e., transformed cells can be induced
i/i situ over a monolayer of nontransformed cells (9). The
transformed foci thus produced can be studied directly for
intercellular communication and for communication with non-
transformed cells. We measure junctional communication di
rectly by microinjecting Lucifer Yellow into individual cells and
measuring the spread of dye into neighboring cells (10). We
have shown previously that BALB/c 3T3 cells transformed by
a chemical carcinogen, MCA,3 do not communicate with sur

rounding normal cells, whereas transformed cells and nontrans
formed cells can communicate among themselves, suggesting
that both cell types have the ability to intercommunicate (10).

Recently, it has been proposed that cellular oncogenes are
the target or substrate for chemical carcinogens; therefore, it
has been suggested that activated cellular oncogenes are in
volved in cell transformation (11-13). If cellular oncogenes are
indeed substrates for chemical carcinogens, there should be
common features between chemically transformed cells and
oncogene-transformed cells. In order to test this hypothesis and
to see whether a selective block of junctional communication
between transformed and nontransformed cells is a general
phenomenon in this cell transformation system, we transformed
BALB/c 3T3 cells by transfection of activated oncogene DNA,
and by an initiation-promotion protocol using a carcinogen
followed by promotion with phorbol esters, and studied junc
tional intercellular communication.

Here we report that both oncogene transformation and two-
stage transformation result in selective blockage of junctional
intercellular communication between transformed and non-
transformed cells. These results suggest that a selective block
of intercellular communication is a common feature in this cell
transformation system, and we propose that the lack of inter
cellular communication between transformed and surrounding
nontransformed cells is essential for the maintenance of trans
formed phenotypes.

MATERIALS AND METHODS

Materials. Lucifer Yellow CH and MCA were purchased from Sigma
Chemical Co. (St Louis, MO). ras"*-p2l antibody was obtained from
Triton Biosciences, Inc., (Alameda, CA), and rabbit anti-sheep IgG and
goat anti-rabbit IgG were from Nordic Immunologie-ai Laboratories
(Tilburg, The Netherlands). pEJ-ras (14) (a pBR322-derived plasmid
containing a 6.6-kilobase human DNA fragment encompassing the
entire activated human Ila-ras oncogene cloned into the vector's
BamHl site) was a kind gift of Dr. R. Newbold. [32P]dCTPwas obtained

from Amersham, Inc. (Buckinghamshire, United Kingdom) at a specific
activity of 800 Ci/mmol. Restriction enzymes were from Bethesda

'The abbreviations used are: MCA, 3-methylcholanthrene; FDD, phorbol
12,13-didecanoate; MEM, minimal essential medium; p21, M, 21,000 protein;
HEPES, 4-<2-hydroxyethyl)-l-piperazineethanesulfonic acid.
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Fig. 1. Transformation of BALB/c 3T3 clone A3I-1-1 by transfection with
pEJ-nu DNA. Control dishes received calcium phosphate solution and calf
thymus DNA. Points, results of 12 plates; hurs, SD.

Research Laboratories (Bethesda, MD). FDD was supplied by CCR
Co. (Minneapolis, MN).

Chemical Transformation. BALB/c 3T3 A31-l-l-cells, obtained from
Dr. T. Kakunaga (9), were cultured in Eagle's MEM supplemented

with 10% fetal calf serum. MCA (0.1, 1.0, or 3 jig/ml) was added to
cultures seeded the previous day at 1 x IO4 cells per 60-mm Falcon
plastic dish. After 48-h treatment, MCA was removed by replacement
with fresh medium. The culture medium was replaced twice weekly
with fresh medium for 6 wk, at which time the cultures were fixed and
stained and the foci counted. In parallel, a representative culture was
selected for microinjection of dye and monitoring of intercellular com
munication, cloning of foci, and growth of transformed clones for
analysis of DNA and p21 (see below). For two-stage in vitro carcino-
genesis, the same procedure was followed, using a single dose of 0.1
/ig/ml MCA/plate. Replacement medium after 48 h contained 0.1 fig/
ml FDD, and treatment at this concentration was continued for the 6-
wk duration of the experiment. Representative cultures were reserved
for analysis of intercellular communication.

DNA Transfection. Exponentially growing BALB/c 3T3 cultures
seeded at 4 x 10* cells/60-mm plate 24 h before treatment were
transfected with pEJ-ras DNA by the calcium phosphate method,
essentially as described by Graham and van der Eb (15). Cells were
exposed to purified plasmid EJ-ros DNA (0.03, 0.1, or 0.3 /ig/plate),
which was diluted in a transfection solution of phosphate buffer (280
mM NaCl-1.5 mM Na2HPO4-25 mM HEPES, pH 7.12), calcium chlo

ride (1.25 M CaCl2-125 mM HEPES, pH 7.12) containing calf thymus
carrier DNA (4 Â¿tg/plate).After 6 h of this treatment, the cultures were
rinsed twice with serum-free MEM, before replacement with MEM
supplemented with 10% fetal calf serum. The medium was changed
twice a week until termination of the experiment after 1 mo, when
cultures were fixed and stained and foci counted. Parallel cultures were
used to study intercellular communication and to clone foci and for
analysis of DNA and p21 (see below).

Southern Blot Analysis of DNA from Cloned Foci. Chemically trans
formed and pEJ-ras-transformed cultures from cloned foci were har

vested for DNA extraction according to the method of Maniatis et al.
(16). Purified DNA was digested overnight with a 10-fold excess of
BamHl restriction enzyme under conditions recommended by the sup
plier, and 10 ng of cleaved DNA were resolved by electrophoresis on a
0.7% agarose gel. Transfer of DNA onto nitrocellulose membranes and
hybridization with 32P-labeled pEJ-ras DNA were done according to
established procedures. Nick-translated probe DNA, labeled to a spe
cific activity of 2 x 10" cpm//ig, was hybridized under stringent condi
tions (42Â°Cin 50% formamide) for 24 h. Washed blots were exposed
for 3 days to Cronex Dupont film at -70Â°Cin the presence of Dupont

Lightening Plus intensifying screens.
ras Oncogene Expression in Transformed Foci. Semiquantitative es

timation of Harvey ras p21 protein in cells transformed by MCA and
PDD, or by transfection of pEJ-ras DNA at different concentrations,
was obtained from Western blot analysis (17) of total cellular protein
by detection with an affinity-purified sheep Ha antibody raised against
a p21 Ha-ras synthetic peptide which reacts with p21 in cells trans
formed with Harvey sarcoma virus. Transformed cell cultures were
harvested with Laemmli buffer, heated to 100Â°Cfor 5 min, and stored
at -20Â°Cto -70Â°C.Cell lysates in volumes equivalent to approximately
10s cells were loaded onto a 10 to 20% sodium dodecyl sull'aio

polyaery lam ide gel containing a 3% stacker and were electrophoresed
at 40 V for 16 h. Following electroblot transfer onto nitrocellulose
filters, p21 antigen was detected by incubation with Ha-ras p21 antibody
and visualization with antisera, using peroxidase-bound goat anti-rabbit
IgG and a solution of diaminobenzidine and hydrogen peroxide as
enzyme substrate solution. Details of the reaction conditions are as
recommended by the supplier of the immunological reagent.

p21 in pEJ-ras- and MCA-transformed BALB/c 3T3 cells in situ
was also stained by immunofluorescence using the purified sheep Ha
ras antibody. Cultures with transformed foci, on glass coverslips, were
fixed in 3.7% formaldehyde, permeabilized in cold acetone at -20Â°C
for 10 min, and then incubated with antibody for 1 h at 37Â°C.Cells

were stained with fluorescein-labeled rabbit anti-sheep IgG for 30 min
and then examined with a phase-contrast fluorescent microscope

(Zeiss).
Estimation of Intercellular Communication by Fluorescent Dye Trans

fer. Selective communication between transformed foci and surround-

Table 1 Tumorigenicity in nude mice of BALB/c 3T3 cells transformed by chemicals or oncogenes
Each isolated focus was expanded and injected independently into one (for pEJ-ras group) or two (for MCA group) nude mice, as described in "Materials and

Methods."

BALB/c 3T3 cell
transformation

No. of
expanded
foci tested

No. of cells
injected/animal

No. of animals
given

injection

No. of
tumor-bearing

animals

No. of wk after
injection at first

appearance
of iunior(s)

None

MCA (100 ng/ml)

1 x IO7
1 x 10"
1 x IO5

1 x 10Â«

11

2-3

pEJ-roi0.3
Mg/plate0.1

ÃÃg/plate0.03

jig/plate4

1 xIO71
x10"1
x10s4

1 xIO71
x10Â«1
x10'5

1 xIO71
x10*1
x 10*1441441551441441553-5
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Table 2 Intercellular communication between normal BALB/c 3T3 cells and cells transformed by different methods

Intercellular communication (av. no. of dye-coupled cells/injection)

AmongMethodCarcinogenesis

Two-stage carcinogenesisTreatmentSingle

application of MCA

Single application of MCATransformed

cells28.14Â±
17.79" (14/6)'

8.39 Â±3.42 (23/9)Nontransformed

cells1
3.8 Â±5.74 (12/5)c

10.8 + 7.04(15/6)Between

transformed and
nontransformedcells<1

<1

Oncogene transfection

plus continuous expo
sure to FDD promoter

CaPO4 precipitation with
pEJ-roj DNA

15.66 Â±5.18 (16/5) 9.9 Â±3.54 (20/8) <1

0 Mean Â±SD.
" Number of microinjections/number of independent foci tested.
' Number of microinjections in monolayer areas/number of independent foci next to which tested monolayer areas are present.

1 23456
Kb

23.1

9.4

- 6.6

- 4.4

- 2.3

- 2.1

Fig. 2. Southern blot analysis of DNA from pEJ-ras-transformed BALB/c
3T3 foci hybridizing to "P-labeled pEJ-ras probe. Lane 1, DNA from a human
A2I82 lung carcinoma cell line showing the 6.6-kilobase Mm/Ill c-Ha-ras proto
oncogene fragment; Lane 2, DNA of BALB/c 3T3 A31-1-1 control cells treated
with calcium phosphate and carrier DNA; Lanes 3 to 5, DNA from BALB/c 3T3
A31-I-1 cells transfected with decreasing concentrations of pEJ-ras DNA; Lane
6, DNA from BALB/c 3T3 A31-1-1 cells transformed with 3 ng/ml MCA and
FDD (see "Materials and Methods").

ing normal cells was measured by microinjecting a fluorescent dye
(Lucifer Yellow CH) into a single cell and by observing the transfer of
dye to neighboring cells under a fluorescent microscope (3). Trans
formed or normal cells near the border of a focus were microinjected
with a 10% (w/v) solution of Lucifer Yellow CH in 0.33 M lithium
chloride solution by means of a glass capillary needle prepared with an
automatic puller (Narishige Co., Tokyo, Japan). Individual cells were
impaled at a site close to the nucleus, and the dye was injected contin
uously for 1 to 2 s by hand pressure using an Olympus Injectoscope
(18). Transfer of dye to surrounding cells was monitored under a Zeiss
phase-contrast fluorescent microscope 10 min after microinjection and
recorded photographically using Illuni HP5 (ASA 400) films.

Tumorigenicity of BALB/c 3T3 Cells Transformed by Chemicals or
Oncogenes. Control BALB/c 3T3 clone VU I 1 cultures passaged

twice weekly, or foci picked from oncogene- or MCA-treated cultures
and expanded to obtain 2 x 10* cells, were injected into nude (nu/nu)

mice. Cells were harvested, resuspended in 100 ^1 phosphate-buffered
saline (pH 7.3), supplemented with calcium (0.9 HIM)and magnesium
(0.49 mM), and injected dorsally s.c., according to the protocol sum
marized in Table 1. The amount of time that elapsed between injection
and tumor appearance was recorded, and histolÃ³gica! examination of
tumor tissue following animal sacrifice was used to verify that the
tumors were fibrosarcomas.

RESULTS

Characterization of BALB/c 3T3 Cultures Transfected with pEJ-
rojDNA

Analysis of Transformed Foci. The first foci in A31-1-1 cul
tures transfected with 0.03 to 0.3 Mg/60-mm plate pEJ-ras DNA
appeared 1 wk after transfection, and sample plates were se
lected during the following week for studies of intercellular
communication and for immunofluorescence staining of the ras
p21 protein (see below). The morphology of cells transformed
by pEJ-ras DNA is different from that of chemically trans
formed cells. pEJ-ros-transformed cells are more spindle shaped
and are often bright under the phase-contrast microscope. All
remaining plates were maintained in culture for an additional
2 wk before fixation and counting of foci. Fig. 1 shows that the
number of transformed foci increased with the concentration of
pEJ-ras during transfection. Selected foci from pEJ-rov-treated
and MCA-treated cultures injected into nude mice resulted in
the development of tumors within 3 to 6 wk, whereas mice
given injections of untreated BALB/c 3T3 cells did not develop
tumors during the 6-mo period prior to sacrifice. When IO7

untreated cells were injected into a nude mouse, however, a
tumor was produced after a long latent period, i.e., 11 wk (Table
1). To verify that the activated oncogene had been incorporated
into the genome of focal cells, representative foci were expanded
to 2 x 10" cells for DNA extraction and testing. Southern blot

analysis of DNA from foci cloned from cultures treated with
0.03, 0.1, or 0.3 fig/m] pEJ-ras DNA showed that the number
of copies integrated increased with increasing concentrations of
activated oncogene DNA during transfection. The human pEJ-
ras DNA was, as expected, not detected in normal BALB/c
3T3 cells, nor in cells from foci obtained from two-stage chem
ical transformation (Fig. 2).

BALB/c 3T3 cells transformed by MCA plus FDD were not
tested for their tumorigenicity. However, in a separate experi
ment, 5 foci induced by MCA plus mezerein were injected into
nude mice, and all of them produced tumors upon inoculation
of IO6cells per mouse."

4 Unpublished results.

5660

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2428920/cr0470215658.pdf by guest on 19 M

ay 2023



LACK OF INTERCELLULAR COMMUNICATION BETWEEN TRANSFORMED AND UNTRANSFORMED BALB/c 3T3 CELLS

Fig. 3. Lack of intercellular communica
tion (dye transfer) between normal BALB/c
3T3 A31-1-1 cells and transformed cells in foci
induced by carcinogen plus promoter (A. B, E,/") and by pEJ-ros oncogene DNA transfection

(C, D, G, H). A, B, C, and D, phase-contrast
micrographs; E, F, G, and H, fluorescent mi
crographs of the same area. A. C, E, and G,
microinjection into normal cells; H. D, F, and
//, microinjection into chemically or EJ-roi-
transformed cells. Bar, 20 i<m. â€¢*.microin-

jected cell.

Intercellular Communication and Role of ras"* p21

When cells in pEJ-ros-transformed foci were injected with
fluorescent dye, the dye was able to spread to neighboring
transformed cells, but transfer to normal cells was blocked, and
injected normal cells could not transfer dye to neighboring
transformed cells (Table 2; Fig. 3). This block of communica
tion between normal and transformed cells is quite striking; the
abrupt interruption of fluorescence spreading to the border of
a focus demarcates the edge of the focus sharply and coincides
with the morphologically defined limits of the focus as seen
under a phase-contrast microscope (Fig. 3). This result is con
sistent with our findings on the communication behavior be
tween normal and chemical transformed cells (see below).

Normal, chemically transformed, and pEJ-ros-transformed
BALB/c 3T3 cells were used for Western blot detection of p21
by rasH" antibody. This analysis showed a progressive increase
in the amount of p21 from pEJ-ras-transfected foci, according
to the concentration of oncogene DNA used in the transfection

protocol and the number of pEJ-ros copies inserted into the
genomic DNA (Fig. 4). p21 was not detected in an identically
prepared sample from normal BALB/c 3T3 cells, nor in cellular
protein from four MCA-induced foci. The immunofluorescence
pattern of BALB/c 3T3 cultures containing EJ-ras-transformed
foci, incubated with sheep ras"" antibody and counterstained
with fluorescein-labeled anti-sheep IgG, also indicated the pres
ence of elevated p21 levels in these foci as compared to those
in nontransformed cells and foci in MCA-treated cultures (Fig.
5). The transformed phenotype induced by transfected, acti
vated Ha ras gene DNA is attributable to an altered p21 and
greatly enhanced levels of the ras gene product; after MCA-
induced transformation, no detectable change in p21 levels is
seen. Activation of the ras gene by mutation cannot be excluded,
although attempts to show activation of endogenous ras genes
in BALB/c 3T3 cells by carcinogen treatment have been unsuc
cessful.5

9T. Kakunaga, personal communication.
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Fig. 4. Western blot of total protein extracted from transformed foci, incu
bated with sheep ras"" antibody to p21. Lane I, BALB/c 3T3 clone A31-I-1,
untreated control; Lane 2, MCA-transformed focus; Lanes 3 to 5, foci from
cultures transfected with decreasing concentrations of pEJ-ras DNA; Lanes 6 and
7. molecular weight markers.

Communication between Normal BALB/c 3T3 Cells and Cells
Transformed by MCA and FDD

Continuous culture of MCA-treated cells with the phorbol
ester tumor promoter FDD greatly enhanced the number of
foci over that obtained with MCA treatment alone (Fig. 6).
When intercellular communication was measured by the dye
transfer method, we observed a similar pattern of communica
tion capacity in foci induced by initiator plus promoter as in
those induced by the oncogene (Fig. 3, A to D) and in those
induced directly by MCA (10). As we have noted previously
( 10), transformed cells in carcinogen-induced foci have a some
what higher communication capacity (the number of dye-cou
pled cells ranging from 5 to 45) than normal cells (in which the
number of dye-coupled cells is typically in the range of 10 to
20). This may be due to the fact that foci are more tightly
packed in transformed cells than in nontransformed cells in the
monolayer. Thus, the area of dye spread in transformed foci
and in the nontransformed monolayer may be similar. The
concentration of MCA used did not affect intercellular com
munication either quantitatively or qualitatively. The commu
nication capacity of cells transformed by carcinogen plus FDD
was lower than that of cells treated with carcinogen alone (Table
2); the communication capacity of the monolayer was decreased
only slightly. These results are consistent with our previous
findings that FDD is a potent inhibitor of intercellular com
munication in BALB/c 3T3 cells (3); but these results cannot
be compared quantitatively, since in the present study commu
nication was determined at varying times after the last FDD
treatment, and some cells may have recovered from its effects.

DISCUSSION

BALB/c 3T3 cells transformed by a chemical initiation-
promotion protocol and by transfection of an activated cellular
oncogene had the usual levels of junctional communication, but
they did not communicate with surrounding normal cells. We
occasionally obtained transformants in culture dishes treated
only with dimethyl sulfoxide or calcium phosphate, and these
spontaneous transformants also showed a selective communi
cation block with surrounding normal monolayer cells (data
not presented). We have shown previously that BALB/c 3T3

cells transformed by MCA alone also show a selective lack of
communication with nontransformed cells (10). In addition, we
have preliminary data which suggest that cells transformed by
Ar-methyl-Af'-nitro-./V-nitrosoguanidine, ultraviolet radiation,

7,12-dimethylbenz (a) anthracene, or MCA plus transforming
growth factor do not communicate with surrounding normal
cells.6 These results indicate that blockage of intercellular com

munication between transformed and nontransformed cells is a
general property of the BALB/c 3T3 cell transformation sys
tem. We also have preliminary findings that show a selective
lack of communication between transformed and nontrans
formed rat liver epithelial cells,6 suggesting that selective inter

cellular communication of transformed cells is a more general
phenomenon.

In our hypothesis of selective communication, if there is
communication between transformed and nontransformed
cells, homeostasis would be established between transformed
and nontransformed cells through gap junctions, and the trans
formed phenotype would disappear. This phenomenon might
be related to that described by Stanbridge et al. (19), who
demonstrated that the normal phenotype is dominant when
transformed and nontransformed cells are hybridized; transfor
mation suppressor gene products may be responsible, and this
message may pass through gap junctions. Indirect evidence to
support the idea of the suppression of transformed phenotypes
by surrounding nontransformed cells comes from experiments
carried out by Sivak and Van Duuren (20), in which they
cocultured a small number of SV40-infected Swiss 3T3 cells
with a large number of noninfected cells. Under these condi
tions, probably because single transformed cells were sur
rounded by a vast number of normal cells, the SV40-trans-
formed cell phenotype was suppressed, unless croton oil was
added. Since croton oil contains phorbol esters, which are
potent inhibitors of junctional intercellular communication, it
is possible that junctional communication between transformed
and nontransformed cells was the cause of the suppression of
this transformed phenotype. Additional evidence for this inter
pretation is provided by recent studies by Mehta et al. (21), in
which cells transformed chemically or virally were cocultured
with normal cells, and the appearance of the transformed phe
notype and junctional communication capacity between trans
formed and nontransformed cells were measured. There was a
consistent lack of association between junctional communica
tion capacity among transformed and nontransformed cells and
presence of the transformed phenotype. There was no expres
sion of the transformed phenotype when there was communi
cation between the two cell types; when no junctional commu
nication between transformed and nontransformed cells was
observed, the transformed phenotype appeared.

Since transformed cells communicate among themselves, the
transformation process does not alter their capacity to form
gap junctions. Why, then, do they not communicate with sur
rounding normal cells? There are at least two possible mecha
nisms, (a) The structure of gap junctions is different in trans
formed cells and in nontransformed cells, and, therefore, nor
mal cells and transformed cells cannot form common gap
junctions for communication, (b) Transformed and nontrans
formed cells have different cell-to-cell recognition molecules;
the two cell types no longer recognize each other and therefore
do not form gap junctions. Our recent preliminary experimental
data indirectly support the latter hypothesis; chemically trans
formed BALB/c 3T3 cells started to communicate with sur-

' Unpublished data.
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Fig. 5. Immunofluorescence staining of
BALB/c 3T3 clone A31-1-1 cells transformed
with MCA plus FDD (A, D) or pEJ-roi DNA
(0.3 ^g/plate) (B, C, E, F) following incubation
with sheep ras"* antibody and fluorescein-la-
beled rabbit anti-sheep IgG. .â€¢(,H, and C, phase-
contrast micrographs; I), E, and /â€¢'.fluores

cence micrographs of the same area. Bars, 20
/Â¿m.

SO,

a.
~ 30
5

! 20.

10.

Ã“0.1 1.0 2O
ug/ml 3-Methylcholanthrene

Fig. 6. Transformation of BALB/c 3T3 clone A31-1-1 by MCA alone (â€¢)or
by two-stage carcinogenesis with MCA plus 0.1 fig/ml FDD (O). Points, mean
results of 12 plates; bars. SD.

rounding nontransformed monolayer cells in the presence of
dibutyryl cyclic AMP or retinoic acid, and their transformed
phenotype gradually disappeared,4 indicating that two types of

cells can form common gap junctions between each other.
Selective intercellular communication between transformed

and nontransformed cells can also be attained when trans
formed cells themselves lose their capacity to communicate;
since transformed cells do not communicate with each other, it

is obvious that they do not communicate with surrounding
normal cells (22). This type of selective intercellular commu
nication has recently been reported with chemically induced
C3H10T'/2 cells (23).
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