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The potential mechanisms of interferon (1FN)-gamma and tumor necrosis factor 
(TNF)-alpha action on tumor cells have been investigated in a model of mouse 
fibroblasts transformed by distinct retroviral vectors carrying the v-mos, c-myc, 
and v-Ha-ras oncogene, respectively. Treatment with both cytokines not only 
caused growth inhibition of v-mos- and c-myc-transformants, but also a reversion 
of transformation-induced suppression of major histocompatibility complex (MHC) 
class I antigen expression in all transformed cell lines. The phenotypical reversion 
of transformants was preceded by a selective modulation of LTR-controlled on- 
cogene expression. TNF-alpha primarily affected stability of oncogene-specific 
RNAs without influencing the activity of retroviral promoters. In contrast, IFN- 
gamma was effective at the transcriptional level, apparently due to inhibition of 
LTR activity as revealed from reduced CAT activity in IFN-gamma-treated LTR- 
CAT transformants. This IFN-gamma-mediated down-regulation of retroviral 
promoter activity seemed to be selective for Moloney-virus-derived promoters, 
since the activity of other viral and cellular promoters was not suppressed by IFN- 
gamma. 
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Interferon (1FN)-gamma and tumor necrosis factor (TNF)-alpha are cytokines, 
which exhibit multiple biological activities including antiviral, antitumoral, and im- 
munomodulatory action [ 1-81. In sensitive tumor cells, cytokine treatment causes 
profound changes in the expression of genes involved in the regulation of cell 
proliferation, differentiation, and cell-surface antigen expression [3-7, 9- 121. To 
investigate whether the antineoplastic activities of IFN and TNF correlated with 
modulation of oncogene expression, fibroblasts transformed by defined LTR-con- 
trolled .oncogenes of different transforming potential have been demonstrated to be a 
useful model [ 13-16]. In such transformants, murine recombinant IFN-gamma causes 
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inhibition of LTR-controlled v-mos, c-myc, and v-Ha-ras oncogene expression due to 
reduction in gene transcription suggesting an effect of IFN-gamma on retroviral 
promoter activity [ 171. However, the detailed molecular mechanisms of IFN-gamma 
action on LTR-activity remain largely to be defined. We here show that IFN-gamma- 
mediated inhibition of retroviral gene transcription is selective for promoters closely 
related to the Moloney sarcoma virus, since other viral and cellular promoters were 
not down-regulated by IFN-gamma treatment. In contrast, rTNF-alpha inhibits LTR- 
controlled oncogene expression at the post-transcriptional level without affecting the 
retroviral promoters. 

MATERIALS AND METHODS 
Cell Lines 

The various oncogene-transformed NIH3T3 cell lines (3T3mos, 3T3myc, 
3T3ras) as well as the respective control cell lines (3T3mos-, 3T3SVX) were 
obtained by either transfection or retroviral infection with distinct retroviral vectors 
carrying the v-mos-, c-myc-, and v-Ha-ras-oncogene, respectively. All cell lines used 
have been recently described [ 17,181. Cells were cultured in modified Eagle’s medium 
(MEM) supplemented with 10% fetal calf serum, 2.0 mM L-glutamine, antibiotics, 
and 400 p g / d  geneticin (G-418, Gibco, BRL). The in vivo and in vitro growth 
characteristics of retrovirus-transformed cells are summarized in Table I. 

Cytokine Treatment 

Both murine recombinant IFN-gamma (specific activity: 1.5 x lo7 unitdmg 
protein) and murine recombinant TNF-alpha (specific activity: 2.0 x lo7 unitdmg 
protein), produced in Escherichia coli and purified to homogeneity by Genentech 
(San Francisco, CA) , were kindly provided by Boehringer Ingelheim, (Vienna, 
Austria). 

Parental NIH3T3 cells and the different retroviral transformants were treated in 
monolayer cultures for the indicated lengths of time with 20 ng/ml recombinant (r) 

TABLE I. In Vitro and In Vivo Growth Characteristics of Retrovirus-Transformed 
Mouse Fibrnblasts 

G-418 Relative Growth in soft MHC class I 
resistance proliferation Growth in agar (cloning antigen 

Cell lines (400 pg/ml) ratea 1 % serumb efficiency in %) expression‘ Tumorigenicityd 

3T3 - 1 .o - 0.1 +++ - 
3T3mos- + 1.1 - 0.1 +++ - 
3T3mosf + 3.6 + 90 + + 
3T3SVX + 1.1 - 0.1 +++  - 
3T3myc + 3.7 + 10 ( + I  + 
3T3ras + 4.3 + 90 (+) + 
aThe in vitro proliferation rate of retrovirus-transformed cells was determined by liquid culture containing 
10% fetal calf serum by 3H-thymidine incorporation and compared to that of parental NIH3T3 cells. 
b +  means a 4- (3T3myc) to 10-fold (3T3mos, 3T3ras) increase in cell no. after 6 days of incubation in 
MEM supplemented with low serum (1 %) concentration. 
‘MHC class I antigen expression was determined by quantitative flowcytometry immunofluorescence 
analysis on Epics C using H-2d-specific antibodies (see also Table 11). 
dPersonaJ communication (3T3mos-, 3T3mos+: W. Ostertag, Heinrich-Pette-Institut, Hamburg, FRG; 
3T3SVX, 3T3myc, 3T3ras: R. Schafer, Ludwig Institute for Cancer Research, Bern, Switzerland). 
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rIFN-gamma and 10 ng/ml rTNF-alpha, respectively. Both cytokine concentrations 
did not cause cytotoxic effects on untransformed and transformed NIH3T3 fibroblasts. 

Cytofluometric Analysis of MHC Class I Antigen Expression 
MHC class I antigen expression of untreated and cytokine-treated cells (48 h) 

was determined by indirect immunofluorescence with the monoclonal antibodies 3 1- 
3-45 (H-2Kd) and 34-4-203 (H-2Dd) obtained from ATCC (Rockville, MD), using 
fluorescein isothiocyanate (F1TC)-conjugated goat-antimouse Ig-antibodies (Medac, 
Hamburg, FRG) as a second reagent. The percentage of cells expressing H-2d 
antigens was calculated upon subtraction of the respective background fluorescence 
determined for each group with the isotype-matched control antibody L243 (anti- 

Promoter CAT Plasmids and Analysis of Promoter Activity 

The recombinant CAT plasmids carrying either cellular or viral promoters were 
kindly provided by Dr. F. Wu (heat shock promoter; Hsp cat), Dr. P. GruB (thymidine 
hnase promoter; Tk cat), [Dr. P. Kourilsky (H-2 promoter; H-2 cat), Dr. H.-J. 
Hauser (Rous sarcoma virus promoter; RSV cat), Dr. M. Grez (myeloproliferative 
sarcoma virus promoter (MPSV-cat) , Moloney murine leukemia virus promoter 
(MoMuLV cat), Dr. U. Koszinowsky (murine cytomegalovirus promoter (MCMV- 
cat)]. Using a DNA-calcium phosphate precipitate [20,21], promoter CAT expressing 
cell lines were generated by cotransfecting 5 X lo5 NIH3T3 cells with 50 pg of the 
appropriate promoter CAT plasmid and 5 pg pAG60 DNA. Stable transformants 
were isolated by selection in MEM supplemented with 400 pg/ml G-418. Extracts 
from both untreated and IFN-gamma (10-100 ng/ml, 48 h) as well as TNF-alpha (10- 
50 ng/ml, 48 h) treated transfectants were prepared, normalized for total protein 
content, and incubated with 14C-labelled chloramphenicol for 4 h to determine CAT 
activity. The acetylated and nonacetylated reaction products were separated by thin 
layer chromatography as described [22]. Total radioactivity as well as radioactivity 
associated with the acetylated forms of chloramphenicol was counted by liquid 
scintillation and percent specific conversion was calculated according to the formula: 
percent specific conversion = (cpm of acetylated chloramphenicol/total cpm) X 100. 

HLA-DR) [ 191. 

RESULTS 
Cytokine-Mediated Inhibition of the Neoplastic Phenotype of Oncogene- 
Transformed Fibroblasts 

IFN-gamma and TNF-alpha treatment of oncogene-transformed fibroblasts 
caused profound phenotypical changes as revealed by lack of focus formation and 
failure to form colonies in soft agar [16-181. This was confirmed by analysis of in 
vitro growth rate in monolayer culture of v-mos-, c-myc-, and v-Ha-ras-transform- 
ants. As shown in Figure 1, both IFN-gamma and TNF-alpha affected the prolifera- 
tive capacity of some of the oncogene-transformed cells. Compared to untreated 
transformants, IFN-gamma and TNF-alpha strongly reduced the growth rate of 
3T3mos4 and 3T3myc2 cells during a 6-day continuous cytokine treatment (Fig. 1). 
In contrast, no significant inhibition of the proliferative capacity of v-Ha-ras-trans- 
formants was obtained using cytokine concentrations up to 50 ng/ml. Combined 
application of TNF-alpha and IFN-gamma caused complete cytostasis of v-mos and 
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Fig. 1. Growth rate of oncogene-transformed mouse fibroblasts in the absence or presence of cytokines. 
Cells were seeded at low density (2.5 x 105/75 cm2 flaskhime point) to ensure exponential growth 
conditions for the time period analyzed. At the onset and every second day of culture, cells were either 
supplemented with fresh culture medium containing 20 ng/ml IFN-gamma or 10 ng/ml TNF-alpha. At 
the indicated time point, the total cell number was determined by microscopic counting. Results are 
expressed as mean of duplicate cultures: (0-0) untreated cells, (A-A) IFN-gamma-treated cells, (C 
+) TNF-alpha-treated cells. 

TABLE 11. Cytokine-Mediated Modulation of MHC Class I Antigen Expression in 
Retrovirus-Transformed Cells 

Relative fluorescence intensity in % of untreated NIH3T3a 
IFN-gamma TNF-alpha IFN-gamma/TNF-alpha 

Cell lines Untreated (20 ng/ml) (10 ng/ml) (20 ng/ml/lO ngiml) 

NIH3T3 100 222 112 356 
3T3mos- 93 205 111 284 
3T3mosf 35 156 100 298 
3T3SVX 98 20 1 106 344 
3T3myc 12 103 62 192 
3T3ras 18 143 122 263 

aBackground fluorescence with control antibody L243 range from 10-30 for all groups listed above and 
has been subtracted. H2Dd specific fluorescence intensity of NIH3T3 was 121 (100%) on a log scale 
from 1-1,024. 

c-myc transformants and a partial reduction in the proliferative capacity of v-Ha-ras 
cells (data not shown). Further, under the conditions of high serum concentrations 
(10% FCS) used in these experiments, the cytokines had neither an inhibitory nor a 
stimulating effect on the growth of parental NIH3T3 cells (Fig. 1) and the respective 
oncogene negative control cell lines (data not shown). 

In some tumor models, absence of major histocompatibility complex (MHC) 
class I molecules is associated with increased tumorigenicity and metastatic capacity 
[23-251, suggesting that specific immune responses may play an important role in 
control of tumor growth. In accordance with these findings, we here show that 
oncogene-induced transformation of NIH3T3 cells causes inhibition of class I MHC 
antigen expression. V-mos-, c-myc-, and v-Ha-ras-transformants exhibit a signifi- 
cantly lower H-2Kd (data not shown) and H-2Dd (Table 11) membrane expression as 
compared to parental NIH3T3 cells and control cell lines. However, treatment with 
either IFN-gamma or TNF-alpha enhanced the levels of membrane H-2K and H-2D 
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antigens on 3T3mos7 3T3myc, and 3T3ras cells. A typical experiment is showing in 
Table 11, indicating the amount of H-2 antigens on cytokine-treated, oncogene- 
transformed cells was comparable to that of normal, nontransformed cells. Moreover, 
similar to results obtained with human tumor cells [26,28] , a combined application of 
IFN-gamma and TNF-alpha caused a further enhancement of H-2 membrane expres- 
sion in both nontransformed and transformed 3T3 cells (Table II). 

Differential Mechanisms of Cytokine Action 

Our recent data indicated that both IFN-gamma and TNF-alpha can interfere 
with the growth of oncogene-transformed cells due to a down-regulation of LTR- 
controlled oncogenes [ 17,181. TNF-alpha-mediated inhibition of v-mos- and c-myc 
oncogenes was due to a selective mRNA degradation of these oncogenes as revealed 
from a reduced RNA half-life, but unchanged gene transcription [18]. In contrast, 
IFN-gamma suppressed the expression of LTR-controlled oncogenes v-mos , c-myc, 
and v-Ha-ras at the transcriptional level, apparently due to a direct effect on the 
activity of retroviral promoters [ 171. To define further the molecular mechanism(s) 
involved and to investigate the selectivity of cytokine action on retroviral promoter 
activity, other viral promoters (SV, MCMV, RSV) as well as three distinct cellular 
promoters (Tk, Hsp, H-2) linked to the CAT gene were compared with MPSV/MuLV 
cat constructs for sensitivity to IFN-gamma and TNF-alpha in the respective trans- 
formants. As shown in Table III, IFN-gamma, but not TNF-alpha, treatment of stable 
MPSV and Mo-MuLV cat transformants reduced the activity of both MPSV-LTR and 
Mo-MuLV-LTR, as revealed from a 50% suppression of CAT activity. In contrast, 
both cytokines did not inhibit CAT-activity in six distinct promoter CAT-transform- 
ants analyzed (Table III). Rather, IFN-gamma treatment produced a slight enhance- 
ment of CAT-activity in the transformants expressing the CAT gene under control of 
the mouse class I MHC gene (H-2) promoter. The data suggest that IFN-gamma- 
mediated inhibition of promoter activity is probably restricted to certain retroviral 
LTRs closely related to Moloney virus. 

TABLE III. Influence of Cvtokine on CAT-Activitv in Promoter CAT-Transformed NIH3T3 Cells 

Promoter cat constructs % specific conversion of ''C-chloramphenicola 

Promoter Origin Untreated IFN-gammab TNF-alphab 

Hsp cat 95' 94' 96' 
Tk cat Cellular 97 95 96 
H-2 cat 74 91 76 

SV cat DNA virus 52 
MCMV cat 82 

50 
86 

55 
85 

MuLV cat 99 47 95 
MPSV cat Retrovirus 96 51 90 
RSV cat 49 47 51 

aThe CAT-dependent conversion of 14C-chloramphenicol into monoacetylated 1 and 3 acetylchlo- 
ramphenicol, respectively, was determined as described in Materials and Methods. 
bStable CAT-transformants were treated for 48 h with 100 n g / d  of IFN-gamma and 50 ng/ml of TNF- 
alpha, respectively. 
'Percent specific conversion after induction (heat shock, 1 h, 42°C). 
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DISCUSSION 

Our previous studies have demonstrated that IFN-gamma and TNF-alpha treat- 
ment of v-mos- and c-myc-transformed cells resulted in the loss of transformed 
properties. So far, the major changes observed in both IFN-gamma- or TNF-alpha- 
treated, transformed cells relate to in vitro growth characteristics in liquid culture and 
semisolid medium as revealed from strong inhibition of the proliferative capacity, 
lack of focus formation, and failure to grow anchorage-independent [ 16-18]. We here 
show that cytokine treatment of transformed cells caused significant phenotypical 
changes independent of the effect on growth characteristics. Thus, in comparison to 
oncogene-negative controls, in all three independently derived, transformed cell lines , 
H-2 expression was strongly reduced, independent of the type of oncogene used for 
transformation. Treatment with IFN-gamma and TNF-alpha, respectively, increased 
H-2 antigen expression to normal levels not only in v-mos- and c-myc-transformants, 
but also in v-Ha-ras-transformants (Table II), which are insensitive to both IFN- 
gamma and TNF-alpha treatment with regard to modulation of in vitro growth 
characteristics (Fig. 1) [ 17,181. Furthermore, an enhanced H-2 expression upon 
combined treatment with IFN-gamma and TNF-alpha was observed in all cell lines 
tested (Table 11). This finding is in accordance with recent reports showing that IFN- 
gamma and TNF-alpha synergistically upregulates both class I and class 11 MHC gene 
expression in various human cells [26-281. 

Down-regulation of MHC antigens induced by selective oncogenic transforma- 
tion provides a model to approach experimentally the question of which mechanisms 
cause suppression of MHC antigens on the cell surface of certain malignant tumors 
[29,30]. We have now obtained evidence for both transcriptional and post-transcrip- 
tional control of H-2 gene expression in transformed 3T3 cells (Seliger, manuscript 
in preparation). As there exists an inverse relationship between major histocompati- 
bility complex antigen expression and tumorigeneity of some animal tumors [31,32], 
a suppression of MHC antigens might represent a possible mechanism for tumor cell 
escape from immunosurveillance. Accordingly, reversion to a normal MHC pheno- 
type by IFN- and/or TNF-alpha treatment may be not only a marker of tumor cell 
response to cytokine treatment, but may, indeed, contribute to control of tumor growth 
via MHC antigen-dependent induction of host immune responses. 

In regard to the molecular mechanisms of IFN-gamma action on oncogene 
expression in transformed cells, our recent studies indicated that IFN-gamma regu- 
lates expression of the Moloney LTR-controlled oncogenes by affecting the transcrip- 
tional activity of these retroviral promoters [ 171. We have here addressed the question 
of selectivity of IFN-gamma action, using plasmid constructs, in which various 
cellular as well as viral promoters were linked to the marker gene CAT. The data 
show that IFN-gamma-mediated suppression of promoter activity appears restricted 
to Mo-MuLV-related LTRs, as no influence was noted on two DNA virus (MCMV, 
SV 40) and one other retrovirus (RSV) promoter (Table 111). Moreover, the cellular 
promoters investigated remained unaffected (Hsp, Tk) or were even enhanced (H-2) 
(Table 111). This was expected from earlier data indicating that IFN-gamma selectively 
induces a number of cellular genes including MHC genes [2,4,19,31,33]. It is 
commonly accepted that promoters/enhancers are regions where site-specific DNA- 
binding proteins interact, thereby controlling transcription [34-361. In order to define 
the detailed mechanisms of IFN-gamma action on Mo-MuLV-related LTR promoters, 
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the identification of specific positive and negative regulated domains and the charac- 
terization of cellular proteins that specifically interact with these regions will be 
required. 

ACKNOWLEDGMENTS 

We thank Drs. M. Grez, F. Wu, P. G d ,  H.J. Hauser, P. Kourilsky, 
U. Koszinowsky, and W. Ostertag for kindly providing plasrnids; Dr. R. Schafer for 
H-ras- and myc-transformed cells; and Dr. G. Adolf for generously supplying murine 
recombinant IFN-gamma and TNF-alpha. The excellent technical assistance of 
G. Stark as well as the secretarial help of G. Schmidt are gratefully acknowledged. 

This work was supported by Stiftung Volkswagenwerk. 

REFERENCES 

1. Pestka S, Langer JA, Zoon KC, Samid CE: Annu Rev Biochem 56:727, 1987. 
2. Friedman RM, Vogel SN: Adv Immunol34:97, 1983. 
3. Old LJ: Science 230:630, 1985. 
4. Trinchieri G, Perussia D: Immunol Today 6:131, 1985. 
5. Pfuenmaier K, Kronke M, Scheurich P, Nagel GA: Blut 55:1, 1987. 
6. Kirchner H: Immunopathology 7:347, 1984. 
7. Clemens M: Nature 313:513, 1985. 
8. Carswell EA, Old LJ, Kassel RL, Green S, Fiore N, Williamson B: Proc Natl Acad Sci USA 

72:3666, 1975. 
9. Esteban M, Paez E: Prog Med Virol32:159, 1985. 

10. Perucho M, Esteban M: J Virol 54:229, 1985. 
11. Ruggiero V, Latham K, Baglioni C: J Immunol 138:2711, 1987. 
12. Sugarman BJ, Aggarwal BB, Hass PE, Figari IS, Palladino MA, Shepard MM: Science 230:943, 

13. Samid D, Chang EH, Friedman RM: Biochem Biophys Res Commun 119:21, 1984. 
14. Samid D, Chang EH, Friedman RM: Biochem Biophys Res Commun 126:509, 1985. 
15. Samid D, Flessate DM, Greene JJ, Chang EH, Friedman RM: In Silverman RH, Williams BRG 

(eds): “The 2-5A System: Molecular and Clinical Aspects of the Interferon-Regulated Pathway. ” 
New York: Alan R. Liss Inc., 1985, p 203. 

1985. 

16. Seliger B, Kruppa G, Pfiienmaier K: J Virol61:2567, 1987. 
17. Seliger B, Kruppa G, Schafer R, Redmond S, Pfienmaier K: J Virol 62:619. 
18. Seliger B: J Immunol, in press. 
19. Pfuenmaier K, Bartsch H, Scheurich P, Seliger B, Ucer U, Vehmeyer K, Nagel GA: Cancer Res 

20. Graham FL, Van der Eb AJ: Virology 52:456, 1973. 
21. Wigler M, Sweet R, Sim GK, Weld B, Pellicer A, Lacy E, Maniatis T, Silverstein S, Axel R: Cell 

16:777, 1979. 
22. Gorman CM, Moffat LF, Howard BH: Mol Cell Biol2:1W, 1982. 
23. Goodenow RS, Vogel JM, Linsk RL: Science 230:777, 1985. 
24. Festenstein H, Garrido F: Nature 322:502, 1986. 
25. Tanaka K, Isselbacher KJ, Khoury G, 
26. Pfuenmaier K, Scheurich P, Schliiter 
27. Collins T, Lapierre LA, Fiers W, Strominger JL, Pober JS: Proc Natl Acad Sci USA 83:446, 1986. 
28. Scheurich K, Kronke M., Schliiter C, Ucer U, Pfizenmaier K: Immunobiology 172:291, 1986. 
29. Schrier PJ, Bernards R, Vaessen RTMJ, Monweling A, Van der Eb JAJ: Nature 305:771, 1983. 
30. Bernards R, Dessai SK, Weinberg RA: Cell 47:667, 1986. 
31. Hayashi H, Tanaka K, Jay F, Khoury G, Jay G: Cell 43:263, 1985. 

45:3503, 1985. 

Science 228:26, 1985. 
nke M: J Immunol 138:975,1987. 

GICP: 13 



2l2:JCB Seliger et al. 

32. Eager KB, Williams J, Breiding D, Pan S, Knowles BB, Appella E, Ricciardi RP: Proc Natl Acad 
Sci USA 82:5525, 1985. 

33. Fellous M, Nir U ,  Wallach D,  Merlin G ,  Rubinstein M, Revel M: Proc Natl Acad Sci USA 
79:3082, 1982. 

34. Scholer HR, GruR P: Cell 36:403, 1984. 
35. Dynan WS, Tjian R: Nature 316:774, 1985. 
36. Rogers B, Saunders GF: Bioassays 4:62, 1985. 

14:GICP 




