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ABSTRACT

In an attempt to establish an in vitro short-term test to detect tumor-
promoting agents, we studied the effects of these agents on Junctional
intercellular communication in cultured Chinese hamster V79 cells using
a microinjection-dye transfer technique. When Lucifer Yellow CH solu
tion is injected into a cell, the average number of cells that become
fluorescent after 10 min is 11.6 Â±7.8 (SD). When the phorbol ester 12-
O-tetradecanoylphorbol-13-acetate was used as a positive control, the
extent of dye transfer was reduced to 2.9 Â±2.1 cells within 2 h after
incubation with 12-0-tetradecanoylphorbol-13-acetate(100 ng/ml). Nine
chemicals that have been reported to have or suspected of having tumor-
promoting activity in experimental animals were tested at different doses
and after different incubation times. l,l,l-Trichloro-2,2-bisO?-chloro-
phenyl)ethane, lindane (1,2,3,4,5,6-hexachlorocyclohexane), phÃ©nobar
bital, and butylated hydroxyanisole showed inhibitory properties in V79
cells, but with kinetics different from that of 12-O-tetradecanoylphorbol-
13-acetate. With l,l,l-trichloro-2,2-bis(/7-chlorophenyl)ethane and lin
dane, exposure for 24 h resulted in full blockage of dye transfer; with
phÃ©nobarbital,a treatment time of 96 h was necessary to achieve this
effect, and butylated hydroxyanisole was more active after 48 h than
after 24 or 72 h incubation. Five of the reported or suspected tumor-
promoting agents, benzoyl peroxide, anthralin, deoxycholic acid, litho-
cholic acid, and butylated hydroxytoluene, had no effect on communica
tion between V79 cells at noncytotoxic doses; deoxycholic acid, lithocholic
acid, and butylated hydroxytoluene but not anthralin inhibited commu
nication only at cytotoxic doses. Our results indicate that we can detect
several, but not all, types of tumor-promoting agents, using microinjec
tion-dye transfer assay of Junctional communication between Chinese
hamster V79 cells.

INTRODUCTION

Intercellular communication via gap junctions is thought to
play a crucial role in cell proliferation and differentiation and
in tissue homeostasis (1,2). Since the control of proliferation,
differentiation, and homeostasis is disrupted when cells become
tumorous, it has been postulated that modulation of Junctional
communication plays an important role in carcinogenesis (2,
3). The recent finding that a class of tumor-promoting agents,
phorbol esters, can reversibly inhibit Junctional communication
of various types of cultured cells (4-8) has provided support for
this hypothesis. This block of communication may indeed serve
to isolate initiated cells from surrounding normal cells, thus
allowing their clonal expansion during the promotion stage of
carcinogenesis (9, 10).

Several other lines of evidence suggest that blockage of Junc
tional communication is an important determinant in tumor
promotion. For example, skin wounding and partial hepatec-
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tomy are reported to promote tumors on mouse skin (11) and
rat liver carcinogenesis (12), respectively, and both stimuli are
known to reduce gap junctions (13, 14). There is a good
correlation between phorbol ester-mediated inhibition of inter
cellular communication and the enhancement of cell transfor
mation in BALB/c 3T3 cells (15). Other evidence obtained
from our laboratory includes the following: (a) reported anti-
tumor-promoting agents antagonize the effect of TPA4 on

intercellular communication between BALB/c 3T3 cells (16);
(b) transformation-sensitive but not transformation-resistant

variants of BALB/c 3T3 cells lose, at confluence, the capacity
for Junctional communication (17); (c) Syrian hamster embryo
cell lines sensitive to TPA enhancement of cell transformation,
but not resistant lines, were also sensitive to TPA inhibition of
Junctional communication (18); (d) chemically transformed
BALB/c 3T3 cells do not communicate with their surrounding
nontransformed counterparts (19).

This accumulation of evidence prompted some investigators
to propose the use of blocked intercellular communication as
an assay for detecting environmental tumor-promoting agents
(9, 20). These studies have shown a generally good correlation
between the inhibitory effect of chemicals on communication
and their tumor-promoting effect in animals (9). Previous stud
ies used metabolic cooperation between hypoxanthine-guanine
phosphoribosyltransferase-containing and -deficient cells as a
method to detect Junctional communication. Metabolic coop
eration, however, includes complex biochemical reactions
which can be inhibited at various sites (21); furthermore, this
assay appears to be highly dependent on the protocol used (22-
24). Probably the most serious disadvantage of using metabolic
cooperation as a screening test for tumor-promoting agents is
that the tissue specificity of chemicals cannot readily be tested,
since the assay requires well-characterized mutant cells. Pri
mary cultures cannot be used for the same reason. These
problems can be overcome by use of the dye transfer assay of
Junctional communication, which can measure communication
directly by microinjecting a tracer dye into any type of cells
that grow as monolayer (25). We therefore studied the effects
of various tumor-promoting agents on intercellular communi
cation measured by gap-junctional transfer of Lucifer Yellow
CH. We used Chinese hamster V79 cells in order to compare
our results with data from the V79 metabolic cooperation assay,
as produced by Trosko et al. (9).

MATERIALS AND METHODS

Chemicals. Chemicals were obtained from the following sources:
TPA, from CCR, Inc., Eden Prairie, MN; deoxycholic acid (sodium
salt), benzoyl perioxide, phÃ©nobarbital (sodium salt), from Fluka,
Buchs, Switzerland; lithocholic acid, Serva, Heidelberg, Federal Repub
lic of Germany; anthralin, ICN Chemicals, Cleveland, OH; lindane
(>99% pure), WHO, Geneva; p,p'-DDT, Usine Kuhlmann, Garref,

4The abbreviations used are: TPA, 12-O-tetradecanoylphorbol-13-acetate;
p,p'-DDT. l,l.l-trichloro-2,2-bis(p-chlorophenyl)ethane; BHA, butylated hy

droxyanisole; BHT, butylated hydroxytoluene.
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France; Lucifer Yellow CH, Sigma Chemical Co., St. Louis, MO. BHA
and BHT were kindly supplied by Professor N. Ito, Nagoya City
University, Nagoya, Japan. All other chemicals were of analytical grade.
TPA, anthralin, BHT, BHA, p,p'-DDT, and lindane were dissolved in

dimethyl sulfoxide, benzoyl perioxide in acetone, lithocholic acid in
ethanol, and deoxycholic acid and phÃ©nobarbitalin culture medium.

Chinese Hamster V79 Cell Cultures. V79 cells were cultured in
Eagle's minimum essential medium supplemented with 10% heat-

inactivated fetal calf serum. Stock cultures were maintained by plating
5 x IO5cells onto 10-cm dishes and subculturing twice a week. Solvent

concentrations used were 0.1% for dimethyl sulfoxide and acetone and
0.17% for ethanol. The solvents at these concentrations had no effect
on cytotoxicity or intercellular communication.

Cytotoxicity. Toxicity of test chemicals to V79 cells was measured
after two exposure periods (48 h and 7 days) to establish short-term
and long-term cytotoxicity. Two hundred V79 cells in exponentially
growing culture were seeded in 6-cm Petri dishes; 8 h after seeding, the
medium was changed and the compound to be tested or solvent alone
was added; 48 h later, the medium was removed from all dishes, and
the dishes were rinsed twice with Eagle's minimum essential medium
and incubated for l h at 37Â°C.The treated and washed dishes were

then divided into two groups, one receiving only solvent and the other
receiving the appropriate concentration of the compound again. After
another 5 days, cultures were fixed and stained with Giemsa. Only
colonies with more than 50 cells were scored for survival measurements.
Using the control cultures as a reference [53.4 Â±5.4 (SD), N = 104],
cytotoxicity was determined as the percentage of colony-forming ability.
Five dishes were used to establish each point on the graphs.

Dye Transfer Assay. A 10% solution of Lucifer Yellow CH in 0.33
M lithium chloride was microinjected into individual cells, using an
Olympus Injectoscope YF, as described previously (8).

Inhibition of Intercellular Communication. The effects of various
chemicals on junctional intercellular communication were usually mea
sured after 24, 48, and 72 h of exposure, unless otherwise stated in the
legends to the figures. Concentrations of 5 x 10s cells (for 24-h assays)
or 2.5 x IO5cells (for 48-h and 72-h assays) were seeded in 6-cm dishes

and the test compound was added 8 h later. Intercellular communica
tion was determined 24, 48, or 72 h later in randomly chosen confluent
areas of the culture by measuring the spread of Lucifer Yellow CH.
The growth medium was changed 56 h after seeding of cells. When
cultures reached the confluent state (about 4 x IO6; cells/dish), cells

started to grow in multilayers; microinjection was done only in the
monolayer parts of the culture, since quantitation of junctional com
munication in multilayers was difficult.

RESULTS

Characterization of Junctional Communication of V79 Cells
and Inhibition by TPA. Before studying the effects of various
chemicals on intercellular communication in V79 cells, we
characterized junctional communication in V79 cells and ex
amined the effects of a positive control chemical, TPA. Fig. \A
shows the capacity of V79 cells for junctional communication
during their growth period. Throughout that time, Lucifer
Yellow CH injected into single cells was found in about 11
surrounding cells, suggesting that they communicate junction-
ally. The level of dye transfer did not depend on the cell density,
since a relatively stable average number of coupled cells was
observed throughout (Fig. IA); however, the standard deviation
at each point was quite large. Fig. IB illustrates the extent of
dye transfer after 2686 injections; it can be seen that the extent
of dye transfer varied widely. We considered the possibility that
this variation in the ability to communicate was due to the
heterogeneity of the cell population in our V79 stock cultures.
Therefore, we isolated nine subclones from the parent V79 cells
and found that the extent and variation of intercellular com
munication of these subclones were similar to those of their
parent cells, indicating that the heterogeneity in intercellular
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Fig. 1. A, communication capacity of Chinese hamster V79 cells during
exponential growth. V79 cells (2.5 x 10') were seeded in 6-cm dishes. At different
times after seeding, cellular growth and the capacity of the culture to transfer
Lucifer Yellow CH were measured. Growth medium was refreshed 48, 72, and
96 h after seeding of cells. T, number of cells per dish. Each point represents the
mean of three independent dishes. â€¢.number of coupled cells per injection.
Microinjection of Lucifer Yellow CH was performed in confluent parts of contin
uously growing cultures. Each pomi represents the mean of 73-415 independent
injections. Bars, SD. B, relative frequency distribution of communication capacity
of V79 cells during exponential growth. Intercellular communication was mea
sured in confluent areas of V79 cells 48-80 h after seeding 2.5 x IO5cells. The
extent of dye spread was assayed IO min after individual cells had been microin
jected with Lucifer Yellow CH. N = 2686, mean Â±SD, 11.6 Â±7.8.

communication found in the parent cultures is not due to the
heterogeneity of the cell population in terms of their intercel
lular communication capacity. It is also unlikely that this het
erogeneity is due to variations in our technique of microinjec-
tion, because with another cell line, BALB/c 3T3, we have
stable, homogeneous distribution of intercellular communica
tion. Since we used V79 cells in the growing phase for this
study, it may be that intercellular communication capacity is
influenced by the stage of cell cycle.

TPA is a potent inhibitor of junctional communication in
V79 cells (Fig. 2). Fig. 2A shows the time course of the effect
of TPA on dye transfer in V79 cells. Within 2 h of exposure of
V79 cells to TPA, there was 75% inhibition of junctional
communication, and the inhibition continued for at least an
other 96 h. These results suggest that TPA does not render
V79 cells refractory to further addition of TPA, although pro
duction of a refractory state with TPA has been reported in
several other types of cells in culture (26-29).

Fig. 2B shows the dose response of TPA inhibition of inter
cellular communication in V79 cells: complete inhibition of dye
transfer was observed with concentrations as low as 0.25 ng/
ml. These results compared well with those published on TPA
inhibition of metabolic cooperation between V79 cells (4).

Effects of Other Known or Suspected Tumor-promoting
Agents on Dye Transfer between V79 Cells. The effects of
various chemicals on cloning efficiency and junctional com
munication are shown in Figs. 3-11. The dose responses of
each chemical on junctional communication at different times
are usually illustrated in the upper part of each figure and the
cloning efficiencies after 48-h and 7-day exposures are shown
in the lower part.
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Fig. 2. Inhibition of dye transfer between V79 cells by TPA. A, time course of
the effect of TPA (100 ng/ml) on intercellular communication in V79 cells. To
measure the time-dependent inhibitory effect of TPA, 2.5 x 10' V79 cells were
seeded in 6-cm dishes; for 1-24 h effects, TPA was added to the growth medium
48 h after seeding of the cells and microinjections were performed during the
subsequent period of 24 h (48-72 h after seeding of the cells); 24-72 h effects of
TPA were measured by adding the chemical to cultures that had been seeded 24
h before and microinjections were performed 24-72 h after addition of the
chemical (48-96 h after seeding the cells). Fresh TPA-containing medium was
added to the cultures 48 h after the first addition of TPA. To measure prolonged
effects of TPA, 4 h after seeding of 2.5 X 10* V79 cells into 6-cm dishes, TPA
was added to the cultures; 48 and 72 h later, the growth medium was replaced by
fresh TPA-containing medium and microinjections were performed 6 h after the
first addition of TPA to the culture medium (100 h after seeding the cells). With
these protocols, microinjections were always carried out in 48-100-h-old cultures.
Intercellular communication was measured by transfer of Lucifer Yellow CH, as
described in "Materials and Methods." Each point represents the mean of 18-76
(O, controls, 0.1 % dimethyl sulfoxide) or 33-146 (â€¢,treated cultures) independent
injections. Bars, SD. B, dose-response effect of TPA on intercellular communi
cation in V79 cells. V79 cells (2.5 x 10*) were seeded in 6-cm dishes; 48 h after
seeding, TPA was added in different concentrations to the growth medium.
Intercellular communication was measured 24 h after addition of TPA. O,
inhibition of intercellular communication as measured by the dye transfer tech
nique. Each point represents the mean of 20-40 independent injections. Bars,
SD. V, inhibition of intercellular communication as measured by the metabolic
cooperation method [calculated from the work of Yotti et al. (4)].

DDT is a tumor promoter in rat liver carcinogenesis (30),
and it has been shown repeatedly to inhibit metabolic cooper
ation between cultured cells (31-35). As shown in Fig. 3, DDT
also inhibited junctional communication between V79 cells at
nontoxic (10-20 Mg/ml) doses. Inhibition of intercellular com
munication by DDT was observed 24, 48, and 72 h after
incubation of cells with DDT. PhÃ©nobarbital, another known
tumor-promoting agent in rat liver carcinogenesis (30), inhib
ited intercellular communication between V79 cells at noncy-
totoxic doses; however, a clear dose-response curve was ob
tained only by incubating cells for 72 or 96 h; very little effect
was observed when cells were incubated for 24 or 48 h. Lindane,
a known mouse liver carcinogen (36), has been shown strongly
to inhibit metabolic cooperation in V79 cells (32); in our assay,
it also inhibited junctional communication in V79 cells at
nontoxic levels (Fig. 5). However, a dose response (0-20 ng/
ml) was obtained only after 60-h exposure, and inhibition after
24-h incubation was obtained only with the highest tested dose,
20 Mg/ml (Fig. 5).

Two antioxidants, BHA and BHT, which have been reported
to have promoting activity of rat bladder tumors (37), were also
tested (Figs. 6 and 7). A clear dose-dependent inhibition of
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Fig. 3. Dose-response effects of p,p'-DDT on intercellular communication

and toxicity of V79 cells. I. intercellular communication as measured by the dye
transfer method. Cells were incubated with different concentrations of p,p'-DDT
for 24, 48, and 72 h. Each point represents the mean of 19-68 independent
injections. Bars, SD. SD in the 48-h curve did not differ significantly from those
in the 24- and 72-h curves. O, 24-h exposure; â€¢,48-h exposure; D, 72-h exposure.
B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.
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Fig. 4. Dose-response effects of phÃ©nobarbitalon intercellular communication
and toxicity of V79 cells. A, intercellular communication as measured by the dye
transfer method. Each point represents the mean of 14-49 independent injections.
Bars, SD. SD in the 48- and 72-h curves did not differ significantly from those in
the 24- and 96-h curves. O, 24-h exposure; â€¢,48-h exposure; D, 72-h exposure;
V, 96-h exposure. B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.

communication was found with BHA after 24, 48, and 72 h,
but the greatest inhibition was found after 48 h (Fig. 6). BHT
inhibited communication only at cytotoxic doses (Fig. 7), and
we assumed that this chemical did not specifically inhibit inter
cellular communication.

Two reported colon cancer promoters, deoxycholic acid and
lithocholic acid (38, 39), did not inhibit communication in our
assay with V79 cells (Figs. 8 and 9). Both compounds inhibited
communication only at toxic doses.
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Fig. S. Dose-response effects of lindane on intercellular communication and
toxicity of V79 cells. A, intercellular communication as measured by the dye
transfer method. Each point represents the mean of 22-42 independent injections.
Bars, SD. O, 24-h exposure; *, 60-h exposure. B, cytotoxicity after 48 h (T) or 7
days (V) of exposure.

25

5 o 20

11Â«
U Co 'Â§10

Ã³ o
Z u

3<a

10
O 50 100 150 200

Concentration ( uM)

Fig. 6. Dose-response effects of BHA on intercellular communication and
toxicity of V79 cells. A, intercellular communication as measured by the dye
transfer method. Each point represents the mean of 40-199 independent injec
tions. Bars, SD. SD in the 48-h curve did not differ significantly from those in
the 24- and 72-h curves. O, 24-h exposure; â€¢,48-h exposure; D, 72-h exposure.
B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.

Similarly, two mouse skin tumor-promoting agents, benzoyl
peroxide (40) and anthralin (41), gave negative results in our
communication assay (Figs. 10 and 11). Benzoyl peroxide has
been reported to inhibit metabolic cooperation between cultured
cells (41), but in our assay even the highest soluble dose of
benzoyl peroxide, 4 ng/m\, had no effect on the communication,
nor was any sign of cytotoxicity seen.

DISCUSSION

We have attempted to see whether inhibition of communi
cation between Chinese hamster V79 cells can be used as a
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Fig. 7. Dose-response effect of BHT on intercellular communication and
toxicity of V79 cells. A, intercellular communication as measured by dye transfer
method. Each point represents the mean of 16-30 independent injections. Bars,
SD. SD in the 48-h curve did not differ significantly from those in the 24- and
72-h curves. O, 24-h exposure; â€¢,48-h exposure; G, 72-h exposure. B, cytotoxicity
after 48 h (T) or 7 days (V) of exposure.
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Fig. 8. Dose-response effects of sodium deoxycholic acid on intercellular
communication and toxicity of V79 cells. . I. intercellular communication as
measured by the dye transfer method. Each point represents the mean of 15-31
independent injections. Bars, SD. SD in the 48-h curve did not differ significantly
from those in the 24- and 72-h curves. O, 24-h exposure; â€¢,48-h exposure; D,
72-h exposure. B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.

screening test for tumor-promoting agents. First, we character
ized the communication capacity of V79 cells, using the mi-
croinjected dye transfer method, and its inhibition by TPA. The
effect of TPA on communication was similar to that seen in
the conventional metabolic cooperation assay. The effects of
nine chemicals that have been reported to have or be suspected
of having tumor-promoting activity, and which (with the excep
tion of BHA) have been reported to inhibit metabolic coopera
tion between Chinese hamster V79 cells (9), are summarized in
Table 1, together with their in vivo tumor-promoting activity.
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Fig. 9. Dose-response effects of lithocholic acid on intercellular communica
tion and toxicity of V79 cells. I. intercellular communication as measured by the
dye transfer method. Each point represents the mean of 18-41 independent
injections. Bars, SD. SD in the 48-h curve did not differ significantly from those
in the 24- and 72-h curves. O, 24-h exposure; â€¢,48-h exposure; G, 72-h exposure.
B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.
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Fig. 11. Dose-response effects of anthralin on intercellular communication
and toxicity of V79 cells. A, intercellular communication as measured by the dye
transfer method. Each pomi represents the mean of 17-40 independent injections.
Bars, SD. SD in the 48-h curve did not differ significantly from those in the 24-
and 72-h curves. O, 24-h exposure; â€¢,48-h exposure; D, 72-h exposure; O, 120-
h exposure. B, cytotoxicity after 48 h (T) or 7 days (V) of exposure.
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Fig. 10. Dose-response effects of benzoyl peroxide on intercellular communi
cation as measured by the dye transfer method. Each point represents the mean
of 20-50 independent injections. Bars, SD. SD in the 48-h curve did not differ
significantly from those in the 24- and 72-h curves. O. 24-h exposure; â€¢,48-h
exposure; D. 72-h exposure. Exposure of V79 cells to benzoyl peroxide (4 >ig/ml)
for 48 h or 7 days had no effect on colony-forming ability. Relative to that of
control cultures, survival of treated cultures was 99% after 48-h exposure and
100% after 7 days of exposure.

In the present study, clear positive results were obtained with
DDT, phÃ©nobarbital, lindane, and BHA, all of which inhibited
the junctional communication at noncytotoxic levels. Inhibition
of communication by deoxycholic acid, lithocholic acid, and
BHT was associated with cytotoxicity. Neither benzoyl perox
ide nor anthralin had inhibitory effects at the doses tested. All
five chemicals that gave negative results in our assay have been
reported to give positive results in at least one V79 metabolic
cooperation assay (Table 1). A possible reason for this discrep
ancy is that our dye transfer assay measures communication at
a particular time after treatment, whereas the metabolic coop
eration assay measures the cumulative effect of a chemical
during the incubation period.

Differences in the method of estimating cytotoxicity in our
study and in metabolic cooperation assays may also have con
tributed to the discrepancy. Determination of the cytotoxicity
of chemicals is an important problem in this assay system; there
is no way of measuring the intrinsic cytotoxic effect of chemicals
in our system, since cloning efficiency is measured at a low

density of cells, and in order to measure intercellular commu
nication, a higher density is needed so as to have cell-to-cell
contact. Since the cytotoxic effects of chemicals may also con
tribute to the destruction of junctional communication (13), we
should not use cytotoxic doses to measure their effect on
junctional communication inhibition. In order to measure cy
totoxicity, we used two different exposure times, 48 h and 7
days. Usually, 7-day exposure yielded more cytotoxic effects,
and we took this as the standard, although it may overestimate
the cytotoxicity. Therefore, chemicals that inhibit intercellular
communication at nontoxic doses are clearly positive in our
assay system.

It is generally considered that tumor-promoting agents are
tissue specific (42). Therefore, any in vitro test that uses a single
cell type may not detect all types of tumor-promoting agents.
In our study, we used only Chinese hamster V79 cells as targets;
in future research, we shall use other types of cells to measure
inhibition of intercellular communication by chemicals. With
our technique of microinjected dye transfer, we can use a variety
of different cells as targets; for example, to test suspected liver
tumor-promoting agents we can use liver cells, and for skin
tumor-promoting agents we can culture skin epidermal cells.

It is interesting to note that inhibition of junctional commu
nication in V79 cells was obtained both with TPA and with
other, unrelated compounds. It has been shown recently that
TPA binds to and activates protein kinase C, and it has been
suggested that the activation of protein kinase C is an important
biochemical mechanism of action of phorbol ester tumor-pro
moting agents (43), including inhibition of intercellular com
munication (44, 45). Since DDT, phÃ©nobarbital, BHA, and
lindane probably do not bind to protein kinase C, junctional
communication inhibition can also be accomplished by mech
anisms different from protein kinase C activation. Previously,
we attempted to use a "cell adhesion assay" as a screening test

for tumor-promoting agents (46); however, only phorbol esters
and related compounds were positive in this assay, suggesting
that it could be used to detect protein kinase C-related effects.
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Table I Ability of various reported and suspected tumor-promoting agents to inhibit junctional intercellular communication in cultured mammalian cells

Inhibition of intercellular
communication in V79 cells

Chemical
Tumor-promoting

activity

Lucifer Yellow
CH transfer

(see text)

Metabolic
cooperation

assay

Inhibition of junctional
communication measured

in other types of
cells and/or by

other assay methods

TPA

p,p'-DDT

Mouse, skin (47, 48)

Rat, liver (30)

+ (4, 23, 24, 49) + in mouse epidermal cells/mouse
fibroblasts MCÂ°assay (5)

-I-in human ftbroblasts MC assay
(28, 50)

+ in human fibroblasts/V79 MC assay
(26)

+ (32, 33) + in human fibroblasts MC assay
(34, 35)

+ in primary rat hepatocytes/rat liver
epithelial cells MC assay (31)

PhÃ©nobarbitalLindaneBHABHTSodium

deoxycholicacidLithocholic

acidBenzoyl
peroxideAnthralinRat,

liver (30)+Not

tested*+Rat,

urinary bladder (37)+Rat,
urinary bladder (37)â€”Rat,
colon(38)Rat,

colon(39)Mouse,
skin(40)Mouse,
skin (41)+

(9)-(20)+

(32)not
tested+
(9)+
(9)-(20)-(52)+

(9,20,51)+
(40)+

(20,53)-(22)+

in primary rat hepatocytes/ratliverepithelial
cells MC assay(50)+

in human keratinocytes MC assay (53)

" MC, metabolic cooperation.
* Carcinogenic in mouse liver (36).

Tumor promotion is defined only in two-stage models of
experimental animal carcinogenesis. Therefore, in establishing
in vitro short-term tests for tumor-promoting agents, we must
recognize that they can never reflect the entire process of tumor
promotion in cell cultures. Only one or two biological and
biochemical mechanisms involved in tumor promotion proc
esses can be used to detect this effect in vitro. Inhibition of
junctional communication is considered to play an important
role in the process of tumor promotion (9, 10). As described in
this paper, dye transfer assay in V79 cells alone has limitations
to detect tumor-promoting activity of all chemicals. However,
the use of other cell types and improvement in measuring
intrinsic cytotoxic effects of chemicals in the assay may prove
the inhibition of intercellular communication as a possible
short-term test for tumor-promoting agents.
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