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In vitro Transformation of BALB/c 3T3 Cells by 1,1,2,2-Tetrachloroethane
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1,1,2,2-Tetrachloroethane (1,1,2,2-TTCE) was shown to be capable of inducing ir viiro transformation
of BALB/¢ 3T3 cells {(clone A-31) either in the presence or in the absence of S9 activating system
nsing an amplification-transformation (level-II) assay by reseeding confluent cells from each treat-
ment and allowing additional rounds of cell replication. In the absence of metabolic activation, the
highest assayed dose (1000 zzg/ml), exerting the highest toxicity, was the only transforming dose,
Lower doses of 1,1,2,2-TTCE were capable of transforming BALB/c cells in the presence of S9
activating system, the dose of 500 g#g/ml exerting the highest transforming activity. The number and
size of transformed foci recognized in the level-II plates were a function of the number of cells
reseeded in the amplification assay. Foci obtained in the presence of §9 activating systems were larger
in size, more deeply basophilic, and exhibited denser multilayering of constituent cells than foci

recognized in the absence of exogenous metabolic activation.

Key words:

1,1,2,2-Tetrachloroethane (1,1,2,2-TTCE)’ is a widely
produced and used solvent and chemical intermediate. It
is toxic to liver, kidney and lung and can be considered as
the most toxic of the smaller chlorinated hydrocarbons."
It is mutagenic in S. typhimurium®® and in S. cerevisiae”
and inhibits the growth of DNA polymerase-deficient
(pol A—) E. coli*?

Like other chlorinated ethanes, 1,1,2,2-TTCE is bio-
activated by cytochrome P450-dependent enzymatic sys-
tems through oxidative metabolic pathways to reactive
electrophilic metabolites which covalently react with
nucleophilic sites of macromolecules.” On the basis of
binding values to liver DNA, measured after ip injection
into rats and mice, 1,1,2,2-TTCE can be classified as a
moderate initiator.” The covalent binding index (CBI),
calculated according to Lutz,® is compatible with the
binding extent to exogenous DNA, measured after in

* To whom correspondence should be sent.

° Abbreviations used in this paper: 1,1,2,2-TTCE, 1,1,2,2-
tetrachloroethane; CBI, covalent binding index; OPI,
oncogenic potency index; 1,2-DCE, 1,2-dichloroethane; GGT,
r-glutamyl transpeptidase; DEN, diethylnitrosamine; 3-MCA,
3-methylcholanthrene; B(a)P, benzo[ a]pyrene; NADPH, nico-
tinamide adenine dinucleotide phosphate, reduced form;
NADP, nicotinamide adenine dinucleotide phosphate; NADH,
nicotinamide adenine dinucleotide, reduced form; PB, pheno-
barbital; D-MEM, Dulbecco’s modified Eagle’s minimal essen-
tial medium; PBS, phosphate-buffered saline; SDS, sodium
dodecyl sulfate.
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vifro bioactivation of 1,1,2,2-TTCE by rat or mouse
enzymatic fractions,” and with the oncogenic potency
index (OPI) calculated according to Parodi et al.” from
long-term carcinogenicity test data. This bioassay has
demonstrated that 1,1,2,2-TTCE can give rise to
hepatocellular carcinomas in mice, whereas only rare
(not statistically significant) hepatocellular carcinomas
and preneoplastic nodules were observed in rats.*” The
CBI of 1,1,2,2-TTCE is even higher than that of 1,2-
dichloroethane (1,2-DCE),'"'" a symmetric haloethane
whose carcinogenicity and genotoxicity have been widely
demonstrated. 1,1,2,2-TTCE is also capable of binding
chromatin constituents, particularly the F, histone frac-
tion (Colacci et al,, unpublished data). Moreover, 1,1,2,2-
TTCE induced a significant increase in 7y-glutamyl
transpeptidase (GGT)(+) foci when administered in a
promotion protocol with or without initiation with
diethylnitrosamine (DEN).'?

It has been recognized that the endpoint of ir vitro cell
transformation has direct relevance to carcinogenesis.
The available data on chemicals show a good relationship
between in vitro cell transformation and in vivo carcino-
genesis (a 69 to 85% correlation has been obtained for
the tested chemicals).” ' Thus, we have tested the in
vitro transforming potential of 1,1,2,2-TTCE in an
attempt to improve our knowledge of the molecular
mechanisms by which this compound exerts carcinogenic
effects.



MATERIALS AND METHODS

Radiochemicals and Chemicals [U-%C]-1,1,2,2-
Tetrachloroethane (1,1,2,2-TTCE; chemical structure:
CHCL,CHCI,; specific activity: 29 mCi/mmol; purity
>98%) was obtained from The Radiochemical Centre,
Amersham. Unlabeled 1,1,2,2-tetrachloroethane ( > 98¢
pure) and 3-methylcholanthrene (3-MCA) were ob-
tained from Fluka, Switzerland, and benzo[a]pyrene
(B(a)P) from Sigma Chemical Co., §t. Louis, Mo, Nico-
tinamide adenine dinucleotide phosphate, reduced form
(NADPH), nicotinamide adenine dinucleotide phos-
phate (NADP), nicotinamide adenine dinucleotide,
reduced form (NADH), d-glucose-6-phosphate, glucose-
6-phosphate dehydrogenase grade II, RNAse, and pro-
teinase K were obtained from Boehringer Biochemia
Robin, Milan. Phenobarbital (PB) was from BDH,
Milan. Sodium dodecyl sulfate (SDS) was purchased
from Pharmacia-LKB, Milan.

Cells and cell culture The original stock of BALB/c 3T3
cells, clone A-31, was from the American Type Culture
Collection, Md. Working cultures were expanded from
the original cryopreserved stock. Cells were grown in
Dulbecco’s modified Eagle’s minimal essential medium
(D-MEM, GIBCO) supplemented with 109 newborn
calf serum (GIBCO). The antibiotics streptomycin and
penicillin were present at 50 gg/ml and 50 units/ml,
respectively. Only subconfluent (60-70% confluent) cul-
tures were used in the assays and the target cells were not
maintained beyond the second passage after thawing.
Preparation of S9 fraction and metabolic activation
Adult male inbred Wistar rats, 250 g (from Charles
River, Calco, Milan) were pretreated with PB (1 g/liter
added to the drinking water) during the six days before
being killed. The animals were sacrificed and the livers
were removed aseptically. The excised tissue was rinsed
in cold sterile 0.15 M KCI and then homogenized. The
supernatant fraction (89} was collected following
centrifugation in the cold at 9000g for 20 min, and
portioned into aliquots, which, after measurement of the
protein content, were stored at —80°C until use.

The amount of each component of the activating
system was lowered with respect to that reported in the
recommended protocol™ ' in order to reduce toxic
effects on target cells observed in preliminary experi-
ments. Thus, the final concentrations of activating system
mixture (89-mix} components were: 50 ul/ml 89 frac-
tion, 2 ul/ml glucose-6-phosphate dehydrogenase, 0.2
mM glucose-6-phosphate, 0.28 mM NADH, 0.25 mM
NADP, and 0.27 mM NADPH.

Binding test to cell DNA For in situ treatment, cells
were seeded in 75 cm’® Falcon flasks (Falcon Plastics, Los
Angeles, Calif.) and, when the flasks were approximately
half-confluent, '“C-1,1,2,2-TTCE (2.5 uCi/flask) was
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added to the growth medium with or without 89 activat-
ing system. For each treatment, 15 flasks were utilized.
Incubation was carried out for 24 h in the absence of $9-
mix or for 4 h in its presence, then the monolayers were
rinsed three times with phosphate-buffered saline (PBS),
and the cells were scraped off and counted. Cells from
three flasks were collected and centrifuged, and pellets
were resuspended in 10 mAM Tris- HCI-100 mM NaCli-1
mM EDTA, pH 8.0 at a concentration of 2 X 107 cells/
ml. The suspension was incubated overnight at 50°C in
the presence of proteinase K (100 gg/ml) and 0.5%
sodium dodecyl sulfate (SDS), then extracted three times
with saturated phenol, twice with chloroform-iscamylic
alcohol mixture, and twice with ether. The aqueous solu-
tion was incubated at 37°C for 1 h in the presence of
predigested RNAse (100 gg/ml), then with 100 teg/ml
pronase at 37°C for 2 h and finally reextracted twice with
phenol-chloroform {1:1) mixture, DNA was precipitated
from the agueous solution by adding two volumes of cold
ethanol and then resuspended in 1 ml of 1 mM EDTA,
pH 8.0, DNA recovery, purity and labeling were assayed
by ultraviolet absorption measurement and counting in a
liquid scintillation spectrometer (Beckman LS 5000TD).
For the treatment in suspension, exponentially growing
cells were suspended in conical tubes at a density of
approximately 22 X 10° in 5 ml of PBS containing the §9
reaction mixture and 2.5 gCi *C-1,1,2,2-TTCE. Treat-
ment was carried out in triplicate at 37°C in air under
gentle agitation for 4 h. The DNA extraction procedure
was then performed as reported above.

Cytotoxicity test Exponentially growing cells were
seeded for each treatment at 500 cells/60-mm Falcon
dish in five dishes per treatment. The plaies were in-
cubated at 37°C in a 5% CO, humidified atmosphere for
24 h. After this period, 1,1,2,2-TTCE dissolved in etha-
nol was added to the culture medium. In the presence of
89-mix activating system, incubation was carried out
with serum-free medium. Six different concentrations
were tested (10 #g/ml, 50 ygg/ml, 100 yg/ml, 250 pg/ml,
500 gg/ml, 1000 ng/ml). Cells were exposed to the tested
compound for 72 h in the absence of §9 activating system
or for 4 h in the presence of 89 activating sysiem.
Negative control experiments (untreated cells and sol-
vent vehicle-treated cells) were performed. The final
solvent concentration (0.1%) was equal for all treat-
ments. Following the exposure period, all treatment
media were removed. Cells were washed with PBS and
refed with 3 ml of complete growth medium. The
medium was changed twice a week for the duration of
the assay. Cells were maintained in culture for 7/10 days.
At the end of this period, dishes were fixed with metha-
nol, stained with 10% aqueous Giemsa and scored for
colony formation. Only colonies larger than 50 cells were
counted.

787



Jpn. J. Cancer Res. 81, August 1990

Transformation test Cell transformation assay was
performed according. to the recommended experimental
protocol. ™' Exponentially growing cells were seeded
for each treatment at 1 10* cells/60-mm Falcon dish in
10 replicates per treatment. For each treatment a cyto-
toxicity test was also performed in two replicates. The
plates were incubated at 37°C in a 5% CO, humidified
atmosphere for 24 h. After this period, 1,1,2,2-TTCE
dissolved in ethanol was added to the culture medium.
The final solvent concentration (0.1%%) was equal for all
treatments. Four concentrations were tested (125 yg/ml,
250 pg/ml, 500 pg/ml, 1000 p2g/ml), the most toxic dose
being chosen as the highest assayed dose. Untreated cells
and solvent vehicle-treated cells were used as negative
controls. Positive control experiments were carried out
utilizing 3-MCA or B(a)P as a transforming agent in the
absence or in the presence of 89-mix activating system,
respectively, at the concentration of 2.5 pg/ml.

In the absence of 89, cells were exposed to the test
compound for 72 h. In the modified activation assay cells
were incubated for 4 h in serum-free medium containing
S9 activating system. Af the end of the incubation period,
all treatment media were removed, cells were washed
with PBS and refed with 3 ml of compleie growth
medium. Plates from the cytotoxicity test were fixed,
stained and scored for colony formation after 7/10 days.
In the other plates the medium was changed twice a week
until confluence was attained (about two weeks). At this
time, a level-Il transformation test was performed in
order to obtain transformation amplification. Level-TI
transformation plates were generated by pooling the con-
tents of five confluent plates (level-I transformation
plates defined as the standard test) and reseeding cells at
1 X 10° or 2 X 10° cells/60 mm dish. Medium was changed
twice a week. Level-l and level-II plates were fixed
{methanol), stained (10% aqueous Giemsa) and scored
for foci formation six weeks after the treatment.
Scoring of foci Only foci considered as positive (type
IID)," ' showing deeply basophilic, dense multilayering
of cells, random cell orientation at all parts of the focus
edge, invasion into the surrounding contact-inhibited
monolayer and domination of spindle-shaped cells, were
counted. Foci of less than 2 mm in diameter were not
scored. Transformation frequencies were estimated by
calculating 1} the total number of foci per group of
scored plates; 2) the average number of foci per plate; 3)
the total number of foci per group divided by the number
of cells at risk (cells surviving after treatment) estimated
from the clonal efficiency observed in the cytotoxicity
assay.

Tumorigenicity testing Transformed foci obtained by
1,1,2,2-TTCE treatment as well as those obtained in the
positive controls were isolated. The cells were allowed to
multiply in minimal essential medium. Groups of five
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nude mice {Charles River) per treatment were sc injected
with 5X 10° cells of each clone in a volume of 200 1l of
PBS. Transformed cells from plates treated with 1000
ug/ml in the absence of 89-mix or with 500 gg/ml in
the presence of metabolic activation were assayed for
tumorigenicity.

RESULTS

C-1,1,2,2-TTCE covalently bound to DNA of
BALB/c 3T3 cells both in the absence and in the pres-
ence of metabolizing fractions (Table I). In the absence
of §9 activating system, binding to DNA was higher than
in its presence.

In Table II, the results of cytotoxicity test are re-
ported. In the absence of 89-mix activating system the
highest assayed dose (1000 ug/ml) was a toxic dose
leading to a reduction of cloning efficiency (about 30¢%)
with respect to that of the solvent control. In the pres-
ence of 89-mix activating system, the doses of 500 g/ml
and 1000 zg/ml exerted toxic effects. Thus, the high dose
employed in the transformation test was selected to give
the highest toxicity.

No transformation foci were obtained in the standard
transformation assay (level-I) in the absence of metabolic
activation and only a few foci, too small or not fully
corresponding to the morphologic characteristics of
“mature” type III foci, were recognized in the level-I
standard assay performed in the presence of $9-mix
(Table III}. No or very few foci were obtained in the
untreated BALB/c 3T3 cells cultured under the same
experimental conditions as the treated cells (data not
shown).

Tables IV and V summarize the results from level-1T
amplification cell transformation experiments. The trans-
formation frequency in solvent control groups both in the
absence and in the presence of metabolic activation was

Table I.  Binding of '*C-1,1,2,2-Tetrachloroethane (1,1,2,2-
TTCE) to DNA and Protein of BALB/c 3T3 Cells in the
Presence or in the Absence of Metabolic Activation®

Specific activity (pmol/mg)

Treatment
DNA Protein
In situ (—)89 54,95+ 4.68 2279.60+191.38
activating system
In situ ()89 7.50+1.43 331.20£36.17
activating system
In suspension (+)89  20.531+2.17 80.6118.20

activating system

@) Data are reported as mean values of three replicates £SE,
each from five treated flasks of cells.



Table II.
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Cytotoxic Effects of 1,1,2,2-Tetrachloroethane (1,1,2,2-TTCE) on BALB/¢ 3T3 Cells in the Absence or

in the Presence of the Exogenous Metabolic Activation System?®

In the absence of activating system

In the presence of activating system

Treatment Mean no. colonies/

plate scored

Relative clonal
efficiency (%)?

Relative clonal
efficiency (%)%

Mean no. colonies/
plate scored

Untreated cells 69.4+5.5
Ethanol-treated cells 61.6£7.6
10 pg/ml 1,1,2,2-TTCE 49,7148
50 pg/ml 1,2,2,2-TTCE 612124
100 pg/ml 1,1,2,2-TTCE 61.3+54
125 gg/ml 1,1,2,2-TTCE 59.2+4.7
250 #g/ml 1,1,2,2-TTCE 60.2+7.2
500 gg/ml 1,1,2,2-TTCE 45.1+6.0
1000 zg/ml 1,1,2,2-TTCE 35.7%7.5

112 28.7£5.3 80
100 35.7+7.6 100
80.7 255156 71
99.3 21.9%+3.2 6l
99.5 27.61t48 - 75
96.1 31.7%6.5 89
91.7 32.7+49 92
73.2 23.3%4.1 65
58.0 13.3%4.1 37

a) Data are reported as mean values of five replicates =SE from two different experiments.
b) Values are expressed as total number of colonies per treatment relative to the negative control,

Table II1. In vitro BALB/c 3T3 Cell Transformation (Level-I} (Standard) by 1,1,2,2-Tetrachloroethane

in the Presence of Exogenous Metabolic Activation®

Treatment

Plates with foci/plates

Mean no. of transformed TFY (X107%)

scored foci/plate
Untreated cells 0/5 0.00+0.00 0.00
Ethanol-treated cells 1/5 0.20+0.20 3.51
B(a)P (2.5 gg/ml)® 3/4 0.75+0.25 4.84
1,1,2,2-TTCE (125 ug/ml) 1/2 0.50+0.50 7.94
1,1,2,2-TTCE (250 xg/ml) 0/4 0.00£0.00 0.00
1,1,2,2-TTCE (500 yg/ml) 1/4 0.25+0.25 5.30
1,1,2,2-TTCE (1000 pzg/ml} 1/4 0.2510.25 9.26

@) Only positive foci (type IIT) not smaller than 2 mm have been considered. In the absence of §9-mix
activation no foci having these characteristics were scored.
b) Transformation frequency expressed as the number of transformation foci per number of cells at risk

after chemical treatment.

¢} Dissolved in dimethylsulfoxide (DMSQ) which, at the final concentration employed (0.25%), did not

exert any transforming activity.

very low and did not exceed the maximum allowed by the
recommended protocol. Also, positive controls induced a
significant number of transformed foci relative to the
negative control. In the absence of exogenous metabolic
activation, 1,1,2,2-TTCE was capable of inducing foci at
the highest assayed dose, especially when cells from the
level-I transformation test (from which no foci were
obtained) were reseeded at 1 X 10° cells/plate (Table IV).
In the presence of $9-mix (Table V) marked transform-
ing activity by 1,1,2,2-TTCE and positive dose-response
correlations were observed up to the dose of 500 yg/ml,
exerting the highest transforming activity. The number
and the size of transformed foci were more evident when
cells were reseeded at a number of 1X10° per plate.

Transformed cells from 1,1,2,2-TTCE-treated plates at
the dosage of 300 ug/ml or 1000 1g/ml as well as from
positive controls induced tumors within two months in
all injected mice.

DISCUSSION

1,1,2,2-TTCE is considered the most toxic and
carcinogenic chloroethane. It is also the most effective
among the chloroethanes we studied®'™ in interacting
with DNA, reaching an in vivo CBI value typical of
moderate initiators, according to Lutz’s classification,®
and even higher than that detected for 1,2-DCE, which is
carcinogenic in rodents as found in long-term tests and
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Table IV, Invitro BALB/c 3T3 Cell Transformation (Level-II) (Amplification) by 1,1,2,2-Tetrachloroethane in the Absence
of Exogenous Metabolic Activation®

Cells replated at 2 X 10°/plate Cells replated at 12X 10°/plate
Treatment Plates with foci/ Mean no. of trans- TF? Plates with foci/ Mean no. of trans- TF?
plates scored formed foci/plate (X 10™*)  plates scored formed faci/plate (< 10Y
Experiment I
Untreated cells 0/5 0.000.00 0.00 0/5 0.00x0.00 0.00
Ethanol-treated cells /4 0.5010.50 6.36 1/3 0.33+£0.33 4.20
3-MCA (2.5 ug/mly? 5/5 3.001+0.63 19.35 4/4 4251048 27.42
1,1,2,2-TTCE (125 pg/ml) 2/4 0.75£0.48 8.06 3/5 0.60+0.25 6.45
1,1,2,2-TTCE (250 ug/ml) 0/7 0.001+0.00 0.00 0/4 0.0010.00 0.00
1,1,2,2-TTCE (500 pg/ml) 0/5 0.00£0.00 0.00 0/5 0.00£0.00 0.00
1,1,22-TTCE (1000 gg/ml) 5/5 5.201+0.86 173.33 3/3 7.33%£0.67 244.33
Experiment IT

Untreated cells 2/10 0.20+0.13 1.84 0/10 0.00+0.00 0.00
Ethanol-treated cells 1/8 0.1210.12 1.53 2/7 0.33£0.33 4.20
Acetone-treated cells” 1/10 0.10£0.10 ND 7/7 3.71+0.47 ND
3-MCA (2.5 pg/mh? ND ND ND 11/11 8.45+0.91 54.52
1,1,2,2-TTCE (125 pg/ml) ND ND ND ND ND ND
1,1,2,2-TTCE (250 pg/ml) ND ND ND ND ND ND
1,1,2,2-TTCE (500 z2g/ml) ND ND ND ND ND ND
1,1,2,2-TTCE (1000 gg/ml) 9/10 1.90%0.41 63.33 3/9 4.4410.67 148.00

@) Results from two independent cell transformation experiments are reported. Confluent cells from level-I (standard)
transformation were reseeded at 2 X 10° cells/plate or 1X 10° cells/plate.

b) Transformation frequency expressed as the number of transformation foci per number of cells at risk after chemical
treatment.

¢) Dissolved in dimethylsulfoxide (DMSQ) which, at the final concentration employed (0.25%), did not exert any transform-
ing activity.

d) Solvent-treated cells used as the negative control for 3-MCA-treated cells.

¢) Dissolved in acetone.

ND=not determined.

Table V. InvitroBALB/c 3T3 Cells Transformation (Level-II} (Amplification) by 1,1,2,2-Tetrachloroethane in the Presence
of Exogenous Metabolic Activation®

Cells replated at 2 X 10°/plate Cells replated at 1 10°/plate

Treatment Plates with foci/  Mean no. of trans- TF® Plates with foci/ Mean no. of trans- TF®

plates scored formed foci/plate (X 107%) plates scored formed foci/plate (X 107%)
Untreated cells 3/10 0.3010.15 5.26 277 0.291+0.18 5.09
Ethanol-treated cells 3/9 0.331£0.17 4.62 3/10 0.4010.22 5.60
B(a)P (2.5 ﬂg/ml)" 4/10 0.50*0.22 3.22 10/10 6.10+0.48 39.35
1,1,2,2-TTCE (125 pg/ml) 6/9 0.7810.22 12.38 10/10 34010.72 53.97
1,1,2,2-TTCE (250 tg/ml) 4/6 0.6710.21 10.30 8/8 2.75%£0.37 58.51
1,1,2,2-TTCE (500 ug/ml) 8/9 3.3310.67 70.85 3/3 19.33+1.45 411.27
1,1,2,2-TTCE (1000 gg/ml) 10/10 4.10+0.60 151.85 3/3 5.20+1.39 192.59

a) Confluent cells from level-I (standard) transformation were reseeded at 2 X 10° cells/plate or 1X 10° cells/plate.

b) Transformation frequency expressed as the number of transformation foci per number of cells at risk after chemical
treatment,

¢) Dissolved in dimethylsulfoxide (DMSOY) which, at the final concentration employed (0.25%), did not exert any transform-
ing activity.
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also genotoxic as demontrated by positive results in many
different short-term tests. 1,1,2,2-TTCE is capable of
inducing a significant excess of liver tumors in the mouse
{data from carcinogenicity bioassay are too limited to
draw any conclusion as to its carcinogenicity in the rat).
The transforming activity of 1,1,2,2-TTCE was analyzed
in a previous study'™ using a standard transformation
assay, in the absence of exogenous activating systems and
. employing doses up to 250 g#g/ml. No significant incre-
ment of transformation foci with respect to controls were
observed under these experimental conditions.'® The
reported data show that this compound is capable of
inducing in vitro transformation in BALB/¢ 3T3 cells in
a cell amplification-transformation assay. This replating
process allows additional rounds of cell replication which
may be required for complete expression of the trans-
formed phenotype as judged by the numerous level-II
transformed foci exhibiting the characteristic morpho-
logical aberrations recognized in the amplification assay.
Indeed, in the standard transformation test performed in
the absence of replating, only a few foci were observed
which were too small and did not exhibit the morpholog-
ical characteristics of a fully “matured” transformed
focus. The amplification of the transformation is even
more evident when cells were replated at a number of
1X10° cell/plate, thus allowing even more additional
rounds.

Moreover, 1,1,2,2-TTCE requires metabolic activation
in order to become biologically reactive.” Thus, the
limited inherent metabolizing activity associated with
BALB/c 3T3 cells has necessitated supplementing the
endogenous metabolic capacity with exogenous en-
zymatic fractions. Indeed, in the absence of 89-mix no
transformation foci were detected at doses lower than
1000 fg/ml, a four times higher dose than that assayed
previously'® which is also the only one exerting toxic
effects among the assayed doses. It has been reported that
cytotoxic chemical products formed through metabolism
of compounds requiring bioactivation are similar to those
which transform cells, either qualitatively or quan-
titatively and even 80-909% toxicity is often required to
help ensure sufficient metabolism in the production of
transforming products.'”” Conversely, lower non-toxic
doses of 1,1,2,2-TTCE are capable of transforming
BALB/c cells in the presence of the activating system,
although the greatest number of transformation foci was
obtained when the doses also eliciting toxic activity were
employed, 500 yg/ml showing the highest transforming
ability. Foci obtained at this dosage are larger in size, and
more deeply basophilic, exhibiting denser multilayering
of constituent cells. In contrast, no particular differences
seem to exist between foci recognized at the highest
assayed dose (1000 ug/ml) in the presence or in absence
of exogenous metabolic activation with regard to the

Tetrachloroethane Transforming Activity

transformation frequency, size and morphologic charac-
teristics.

The molecular mechanisms of 1,1,2,2-TTCE induction
of transformation remain to be identified. Both initiating
and promoting activity by this compound could be in-
volved. The genotoxic properties of 1,1,2,2-TTCE have
been described.*® It is metabolized through oxidative
steps which involve the microsomal mixed function oxi-
dase system and microsomal and cytosolic GSH-
transferase(s), all dependent on PB-inducible forms of
cytochrome P450.” Reactive products are electrophilic
enough to react covalently with nucleophilic sites of
biological macromolecules.”

Like other haloalkanes, except for 1,2-dibromoethane,
whose major DNA-adduct has been identified as S-[2-
(N’-guanyl)ethyl]glutathione,'” the specific DNA-
adduct(s) formed by 1,1,2,2-TTCE reactive meta-
bolite(s) is unknown as yet. Nevertheless, more than one
product of 1,1,2,2-TTCE metabolism may be capable
of interaction with biological macromolecules. The
main metabolic product of 1,1,2,2-TTCE, identified as
dichloroacetyl chloride, can bind covalently to macro-
molecules or be hydrolyzed to dichlorcacetic acid. More-
over, products formed by GSH-conjugation-as well as
free radicals can cooperate in the genotoxic process in-
volving 1,1,2,2-TTCE.” 1,1,2,2-TTCE is also capable of
binding chromatin constituents, particularly the lysine-
rich histone defined as F,, leading to some modification
which may cause a change within the nucleosome, possi-
bly affecting transcription of the immediate genome
{Colacci et al., unpublished data). The genotoxic activity
of 1,1,22-TTCE is confirmed by its ability to bind
covalently DNA of BALB/c 3T3 cells both in the pres-
ence and in the absence of metabolic activation. The
binding extent to BALB/c DNA in the absence of 89-mix
is similar to that obtained in an in vitro cell-free system
utilizing calf thymus DNA as the binding acceptor.” In
the presence of the exogenous activating system binding
to DNA is lower probably because of competitive reac-
tions between endogenous and exogenous metabolizing
activities and/or to detoxifying mechanisms triggered by
the supplemented enzymes. Also, the 89 itself may serve
as a nucleophilic receptor for reactive electrophilic me-
tabolites. Moreover, 89 poorly catalyzes, if at all, the
GSH-conjugation whose products may be responsible for
DNA binding to a greater extent than other reactive
metabolites. Nevertheless, the lower binding to DNA in
the presence of §9-mix does not affect the transformation
response, which is probably the result of both initiating
and promoting effects exerted by 1,1,2,2-TTCE. Indeed,
promoting activity of this compound has been postu-
lated."” Generally, promoting agents give mixed results
with regard to the relationship between in vitro transfor-
mation and in vivo carcinogenesis. We are performing
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further studies in order to clarify the role of 1,1,2,2-
TTCE in the multistep carcinogenesis.
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