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Abstract: 
In an in vivo/in vitro assay system (Massa c t al., 1990) we have detected the carcinogenic activity 
of 2.3,7.8-tetrachlorodibenzodioxin (TCDD). The carcinogenic potential measured in this system 
is concentration-dependent. Experiments with other carcinogenic compounds have revealed that 
TCDD at low doses can act as co-carcinogen. 

Introduction: 
We have developed a ho.it-mediated assay system for the detection of the t ransforming action 
of chemical carcinogens on peritoneal macrophages. Directly as well as indirectly acrting carcino
genic substances administered intraperitoneally to MMRI mice could be examined in this way. 
Resident macrophages were recovered by peritoneal lavage from treated and un t rea ted mice and 
werc cultured In soft agar. After 5-6 days normal and transformed cells could be distinguished. 
Statistical analysis comparing cells from 2,3,7.8-tetrachlorodibenzodioxin(TCDD)-treated animals 
with those from control mice proved that the tes t is positive at least on a significance level of SX 
using the t - tes t . TCDD revealed a cell-transforming potential tha t showed a dose-dependent 
response in this host-mediated assay. Tho co-carcinogenic activity of TCDD was established In 
experiments with diphenylhydantoin. Low doses of diphenylhydantoin which did not exhibit any 
transforming potential in our system gained a high oncogenic potential by the simultaneous admin
istration of low doses of TCDD which, as well had no transforming potential Using monospecific 
antibodies to tumor necrosis factor a (TNF-ot) we have found that TCDD suppresses the secretion 
of TNF-a. The experimental data reported here lead to the conclusion that TCDD has a carcinoge
nic as well as co-carcinogenic activity which, probably, involve the regulation of o-TNF secretion. 

Material and method*: 
Host mediated In vivo/In vitro assay 

All animals were 8 week-old male mice of the Inbred NMRI strain weighing approximately 30g. 
They were obtained from the central Breeding Laboratories of the University of Frankfurt and 
were maintained under specific pathogen free conditions. They had free access t o standard diet 
(Altromin) and water. All chemicals were reagent grade and were dissolved for each experiment 
immediately before use. At day 0,12Siig lipopolysaccharid (Sigma, LPS, E. coli, se ro type no. 0127: 

BB), dissolved In 1ml phosphate buffered saline (PBS),was asceptically administered to each 
mouse intraperitoneally. Substances t o be examined were dissolved or emulsified in 1ml PBS con
taining lOOng 12-0-tetradecanoylphorbol-13-acetate, (TPA, Sigma. P-8139) or were dissolved in 
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O.inil i:iTiul.sioM 1)1 :mx DM.SO .uid 705: ixsiiiulDil <;Tnul.sifii:iI in O.Hml I'H.S . Thi."; cocktail wa.s then 
admini.st.i.Tod nt. day 4 intraperitoneally. Control animals were given either PBS containing lOOng 
TPA. or PBS alone or 0.2ml of .TOX DMS0/7()% peanutoil in O.Hinl PBS. 

Macrophages were collected by repeated peritoneal l,ivai;e four days Liter. The approximate 
yield of macrophages per mouse was 2-4 x lO'. The susi>en(l<;d peritoneal macrophages were cen
trifuged at 600 X g for 10 min., resuspended nnd washed twr) times using SmI of a cell culture me
dium (up medium), containing 2 /3 Hanks 19<J (Scromed) with 101 foetal calf serum (PCS) and IX 
penicilline/streptomycine and 1/3 conditionetl Hank's medium (CSF). The production of condi-
tioiK.'d Hank's medium is described below. 

One half of the resusi>ended cells (2,5ml/mouse) was plated into a sterile cul ture bot t le (one 
bo t t le /mouse . 50ml, 25cm', Nunc, No. 163371). supplemented by the same volume of up-medium. 
The bot t les were incubated at 37°C in an atmosphere containing SX COj. Nonadhering cells were 
removed 24 hours later by changing the medium. Metabolically acidified medium was replaced by 
conditioned medium within the first week. Then acidified medium was replaced by Hank's 199 
medium containing IOX FCS and IX penicill ine/streptomycine (1/1). 

The second half of the suspension was transfered into soft agar as follows: One 24-well p la te 
(Greiner, No. 662160) was u.sed for each mouse. First 0.2ml underlayer was pipetted into each well 
After its solidification 0.2ml upperlaycr with the peritoneal macrophages a t a concentrat ion 
2-4 X 10^ cel ls /ml were added. The plates were then incubated at 37°C. in awater satured a t m o s 
phere containing SX CO.. 24 hours later 0.2ml conditioned medium was added per well. 5 to 6 days 
later the growth of ceil colonics was evaluated. Underlayer: 0.6X agar (Difco, No. 0140-01); 59.4X 
Hank's 199 (IX streptomycine/iwnicilline); 20.OX fetal calf serum; 20.OX conditioned medium (con
tains CSF). Upi>erlayer: 50.OX up-medium (containing peritoneal macrophages); 29.4X Hank's 199 
(IX streptomycine/penicilline); 0.6X agar (Difco. No. 014001): 20.OX fetal calf serum. 

Production of conditioned medium 
Mouse fibroblasts L-929 cells were grown in Heink's 199 medium containing IOX FCS and IX 

streptomycine/penicill ine. 2 X 10' cells (of 1 x 10^ cell/ml) were given into a cul ture bot t le (Nunc, 
260ml, 80cm') . They were cultured at 37°C after being equilibrated with a SX COj In air two days 
beyond the time reaching confluency. Supematants of these cultures were collected. After cen
trifugation at 2000 X g for 10 minutes the supernatant was filtered through a membrane filter 
(Millipore, No. SLCV 025BS). This fil trate was used as conditioned medium containing CSF. 

Evaluation of the tes t : 
The transforming potential of substances was characterized as described elsewhere (Massa c t al., 
1990); briefly, microscopically distinguishable clone sizes were divided into 10 classes (C0-C9). 
The frequencies of clone sizes of a defined class were determined for each 24-well plate. They 
werc related to the cell number and were represented a.s indicated in Table 1-4. The microscopi
cally determined frequency o f t h e clone size of each class was multiplied with a factor considering 
the significance of tho clone size. The resulting products of classes C0-C9 were summed up for 
each 24-well plate (result of one animal) separately. The median of each experimental group con
sisting of 5 t o 6 animals and representing 5 to 6 24-well plates designates the transfroming po
tency of the respective substance. 

Reaultg «nH Hlncuaalon: 
In the host-mediated in vivo/in vitro assay with peritoneal macrophages. TCDD revealed a ce l l -
transforming potential that showed a dose-dependent response (Table D.Thc highest concent ra
tion of TCDD used was IOX of LD50 (LDSO of TCDD: 125iJgAg in mice) to decrease the acute tox i 
city as much as possible. Wc determined the lowest doses of TCDD and phenytoin, which were 
positive in the host-mediated assay. A co-administeration of a low-dose of TCDD with a low-
dose diphenylhydantoin revealed a higher eel I-transformation potential than the sum of the cell-
transforming potentials when both substances are tested alone (Table 2). This suggests that the 
CO-administration of low doses of TCDD amd diphenylhydantoin has a higher carcinogenic po ten 
tial than each substance itself. 
It is interesting that the co-carcinogenic activity of TCDD is dependent on the time and schedule 
of application. Intraperitoneal application of TCDD two days Iwfore intra[)eritoneal injection of 
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Table 1: Transforming potential uf variou.s concentrations of TCDD. 

Contro l / Mo of Frequency of clon size Transforming 
carcinogenic pl^'e ' potential of 
sut;stancc U.-ir.pccific: Specific various con-

centrations 
•>-•> «-' i 15-15 7(1-21. i5-M )C-13 M-G K-Tt >W: o f T C D D 

0.2ml DIvlSO/P.oil t 10_ 4.0 1.3 1.3 - - - - - 0 0 
*0.6ml PBS 2 3-3 - _ _ _ _ _ _ _ 
»ltlOng TPA 3 6.0 - _ _ _ _ _ _ _ 
i n. per islMRl-mouse A . - _ _ _ _ _ _ _ _ 

5 4 . 2 - _ _ _ _ _ _ _ 
6 - -

0.2ml Df/.SO/P.oil 1 6.0 0.5 0.5 0.5 - - - - - 8.75 
*?50ngTCDD 2 ^ 2 6.0 3.0 1.5 2.C - _ _ _ 
-0.8ml PBS 3 76 W 3.3 1.3 1.0 1 0 0.5 - -
-lOOngTPA 4 8.8 3.0 0 . 3 - - _ _ _ _ 
I D . per- NMRI-mouse 5 47 15 6.3 2.3 - - - - -

6 25 9.0 5.0 1.8 0.5 0.3 0.8 - -

0.2ml DIvlSO/P.oil 1 63 18 8.0 1.7 0.8 0.8 - - - 4.1 
+l5.5ngTCDD 2 10 4.3 2.3 - - - - - -
*0.8ml PBS 3 125 32 5.8 - - - - - -
tlOOng TPA 4 UO 54 25 2.0 1.0 1.0 - - -
i.p. per NIvlRI-mouse 5 33 19 17 1.0 - - - - -

6 — — _ _ _ _ _ _ _ 

0.2ml DMSO/P.oil 1 '40 32 1.3 1.0 - - - - - 1.3 
t7.8ng TCDD 2 90 4.2 - _ _ - _ _ _ 
+0.8ml PBS 3 too 74 2.7 - - - - - -
tlOOng TPA 4 150 6.0 _ _ _ _ _ _ _ 
i p per IMIvlRI-mouse 5 75 4.0 1.2 - - - - - -

6 85 16 1.6 - - - _ - -

Tuble 2 : Co-carcinogen effects of TCDD with phenytoin. 

Contro l / No. of Frequency of clon size Transforming 
carcinogenic plate potential of 
substance Unspecific Specific TCDD and 

phenytoin 
!-9 «-U B-S 20-24 2!-29 JUS 50-6S TMS >100 

0.2ml DMSO/P.oil 1 ?00 4.0 0,5 - - - - - _ o.5 
+ 7.ang TCDD 2 140 4.0 _ _ _ _ _ _ _ 
+0.8ml PBS 3 150 25 1.0 0.3 - - - - -
i p. per NfvlRI-mouse 4 66 60 2.7 - - - - - — 

5 83 4.2 - - - - - - -

0.2ml DfvlSO/P.oil 1 166 3.3 - - - - - - - Q.O 
+0.8ml PBS 2 133 2.3 _ _ _ _ _ _ _ 
f-lOOng phenvtoin 3 160 33 2.0 0 . 7 - - - - -
i p . per NtvlRI-mouse 4 150 40 0 7 - - - - - -

5 30 - - _ _ _ - - -

0.2ml DIVISO/P.oil 1 6 0 12 1.4 1.2 0.8 0.4 0.6 0.2 - 2.9 
+7.8ng TCDD 2 66 6 6 0.7 0.3 - - - - -
*0.8ml PSS 3 70 13 1.0 - 0.3 - - - -
• lOOiig phenytoin 4 50 13 1.0 0.3 - - - 0.3 -
i.p per NfvlRl-mouse 5 170 50 l.O 0.3 0.3 - 0.3 0.3 -

diphenylhydantoin and vice versa result in a clear lower cell-transformation potential t han a co 

administration of both carcinogens together (Table 3). This suggests that TCDD acts as a co 

carcinogen and not as tumor promoter (Table 3 and 4) like TPA.The comparison of 7.8ng TCDD, 

equivalent with 24pmol TCDD ( M J C D D " 321.69) and lOOng TPA, equivalent with 270pmol TPA 

(MjpA= 364.44) indicates TCDD as a very strong co-carcinogen. 
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Table 3 : Cr.rHrr:in(»M:n r:ff<:cts o f T C n n / p h e n v t o i n . var ia t ion o f i n i e r : t i on - t ime . 

Contro l / f^o of f-roquency of clon si:'e Transforming 
carcinogenic pMte — poicnti. i i of 
substance Llnspecific SvTecific TCDD/ 

— — ohenytoin 
5-1 t ) - u 15-S 20-2* 25-25 30-40 50-60 70-M >100 

4.Tag 1 IOO 50 35 5.0 3.5 ?.5 - - - 3.9 
0.?ml DMSO/P.oil 2 30 2.0 0.8 - 0 4 - - - -

*7 8ng TCDD 3 5.0 - _ _ _ _ _ _ _ 
t0.8ml PBS 4 50 5.0 2.0 1.0 - - - - -
'lOOug phenytoin 5 100 33 6.7 5.0 2.3 1.7 1.7 1.0 1.0 

5.|S.i DMSO/P.oil 1 6 0 3.0 3.0 1.0 - - - - - 0.3 
••0 Sml PBS T 1 n 1 n 
' lOOgg phooyToln r: J.L' ' ( - ' — _ — _ _ _ _ 
A.Taa 3 8.0 1.0 0.3 - - - - - -

g.2n'il DMSO/P.oil A 
»7.8nQ TCDD '• ~ ~ _ _ _ _ _ _ _ 
»o.errii PBS 5 125 2 5 2.0 - - - - - -
2,Taa 
6.2nii DMSO/P.o.i 1 200S.G 0.7 - - - - - - 0 5 

••7.8ng TCDD -, 
«0.8m1 PBS 2 - - _ _ _ _ _ _ _ 
4.TBa 3 3 0 0 - _ _ _ _ _ _ _ 

G.Zml DMSO/P.oil A -?!; t 7 n f l _ _ _ _ _ _ 
•O^Sml PBS ^ ' J ' • ' U.8 - - - - - -
H O O y g p h e n y t o i n 5 2 2 1.5 O.S - - - - - -

Tab le 4 : Co-carc inogen ic e f f e c t o f TCDD compared w i t h t u m o r p r o m o t o r TPA. 

Contro l / r^Jo.of Frequency of clon size Transforming 
carcinogenic plate poteniial of 
substance Unspecific Specific phenytoin.TPA 

ph. /TPA. 
i-9 O-U B-S 20-21 25-25 »-« 50-69 ;o-99 >«» ph. /TCDD 

1ml PBS 1 - - _ _ _ _ _ _ _ 0.0 
I.p. per NMRl-mouse 2 — — _ _ — _ — — — 

3 - - - - - _ _ _ _ 
4 5.0 - - - - - - - -
5 - - _ - - _ _ _ _ 

1ml PBS 1 - - - - _ _ _ _ _ 0.0 
• lOOng TPA 2 25 2.5 - - - - - 2.5 -
i.p. per NMRl-mouse 3 — — _ _ _ _ _ _ _ 

rt 4.0 - - - - - - - -
5 10 - - - - - - - -

0.2ml DMSO/P.oil 1 P l 2.9 0.3 0.3 0 3 - - - - 0.0 
»0.8ml PBS 2 2.0 0.7 - - - - - - -
tlOOiig phenytoin 3 J . J 0.7 - . - _ _ _ _ _ 
i.p. per NMRl-mouse 4 5.5 — — — — — — — — 

5 - - _ _ _ _ _ _ _ 

0.2mrOMSO/P.oi l 1 233 17 3.3 - - - - - - I.O 
+0.8ml PBS 2 IU 18 2.7 0.5 - - - - -
»100ng TPA 3 25 6.3 _ _ _ - - _ _ 
•lOOiig phenytoin 4 150 12 1.0 - - - - - -
i p per l\IMRI-mouse 5 56 2.8 - 0.6 - - - - -

0.2ml DMSO/P.oi l 1 100 50 35 5.0 3.5 2.5 - - - 3.9 
*7.8ng TCDD 2 30 2.0 0.8 - 0.4 - - - -
•0 8ml PBS 3 5 0 _ - - - _ _ _ 
»100iig phenytoin 4 50 5.0 2 0 1.0 - - - - -
i.p per NMRl-mouse 5 100 33 6.7 5.0 2.3 1.7 17 1.0 10 
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