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Abstract-Tumor Necrosis Factor (TNF), released by induced macrophages, causes tumor 
necrosis in animals, and preferentially kills transformed cells in vitro. Using pure, recombinant 
human TNF, we report here its cytotoxic action on several human transformed and non-transformed 
cel1 lines. Furthermore, remarkable synegism between TNF and interferon-? (IFNq) was 
observed in a large number of human cel1 lines, especially breast, cervix and colon carcinomas. Some 
other human cel1 lines, not sensitive to TNF alone, became highb sensitive when IFN-y was present 

as well. We could not demonstrate a synergism between TNF and IFN-y on any of the 
bmphoma/leukemia cel1 lines tested. Al1 normal human, non-tranrfonned diploid cel1 lines were 
inrcnsitive to TNF even in the presence of IFN-y. This study also conjrms the observation that 
inhibition of protein synthesis by metabolic drugs (e.g. actinomycin D) remarkably enhances the 
sensitivity of several target cel1 lines to gtolysis by TNF. 

INTRODUCTION 
CARSWELL el al. [l] first reported that sera from 
endotoxin-treated mice, rabbits and rats previously 
sensitized with an immunostimulant such as Bacil- 
lus Calmette Guerin or Corynebacterium parvum 

contained a substance defined as Tumor Necrosis 
Factor (TNF). When injected into mice harboring 
methyl-cholantrene-induced sarcomas, TNF 
causes hemorrhagic necrosis of the tumor but 
apparently has no effect on normal tissue [ 1, 21. Zn 

vitro, partially purified murine TNF is cytostatic or 
cytolytic to many mouse and human transformed 
cel1 lines, but has no or little cytotoxic effect on 
non-transformed cel1 lines [ 1, 3-61. 

The availability of recombinant TNF (rTNF) 
allows further characterization of both the in vitro 

and the in vivo biological activity of this protein. 
Especially intriguing are its mechanism of action, 
the molecular basis for its apparently sclcctivc 
toxicity to transformed cells in vitro, and its tumor- 
necrotizing activity in micc. Hcrc, we describc thc 
results of our study on the in vitro action of rccom- 
binant human TNF (r-hTNF) [7] on a set of 
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well-characterized human transformed and non- 
transformcd cel1 lines. The remarkable synergism 
between interferon-? (IFN-y) and TNF is also 
clearly documented. 

MATERIALS AND METHODS 
In vitro TNF cell-killing assay 

The TNF cell-lysis assay was performed both in 
thc presence and in the absencc of actinomycin D 
(actD), essentially as describcd by Ruff and Gifford 
[3]. Serial dilutions of the sample were made in 
microtitre plates. Targct cells were added to thcir 
cell-specific growth medium at a conccntration of 
1.5-2 X 10” cells/well in thc assay made in the 
absente of actD or at a concentration of 4 X 10’ 
cells/well when actD (at a final conccntration of 1 
pg/ml) was also present. The cclls were incubatcd 
for 48 hr or 18 hr in the abscncc or in thc prcscncc 
of actD, respcctively. Adherent cclls were fìxed and 
stained for 10 min (0.5% crystal violet, 8% (v/v) 
formaldehyde (40%), 0.17% XaCl, 22.3% (v/v) 
ethanol). The wclls wcrc thoroughly washcd with 
tap water and adherent cclls were then dissolved in 
33% acctic acid (0.1 ml/well). Thc relcased dyr 
was measured spectrophotomctrically at 577 nm, 
using a Kontron spcctrophotomctcr (SLT 210). 
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In vitro TNF cell-growth-inhibition assay 
Twenty-four hours beforc treatment, adherent 

cclls were plated out in microtitre platcs at a 
concentration of 5-10 X 103 cclls/well in their 
cell-specific growth medium. Then, serial dilutions 
of TNF, IFN-y, or a combination of both, were 
added. After an incubation period of 72 hr at 37”C, 
the cclls were fixed, stained, and measured spec- 
trophotometrically, as described for the cell-killing 
assay. 

Non-adherent cells, at a concentration of 0.5-1.5 
x 104 cells per 100 pl per well, were mixed with 
serial dilutions of TNF, IFN-y, or a combination of 
both. After 72 hr at 37”C, 0.5 pCi [3H]-thymidine 
(21 Ci/mmol; Amersham) in 50 pl medium was 
added to each well. Five hours later, the cel1 
suspension was filtered through glass-fiber filters 
(Type AIE; Gelman Science, Michigan, IL). The 
cups and filters were washed with distilled water 
and ethanol, and the incorporated radioactivity 
was counted. 

One TNF unit (U)/ml is defined as thc reciproc- 
al of the dilution required to rcduce cel1 survival of 
L-929 cells (40,000 cells/0.3 cm2 well; 200~1 Dul- 
becco’s modified Eagle’s medium - 10% new-born 
calf serum) by 50% in the 18-hr cell-lysis assay 
made in thc presence of actD. 

63 and HOS (osteosarcoma), MNNG-HOS (che- 
mically transformed osteosarcoma), Raji (Burkitt 
lymphoma), WISH (amnion), were obtaincd from 
the American Type Culture Collection (Rockville, 
MD). The human urothelial cel1 lines (HCV 29, 
HCV 29 T, Hu 609, Hu 609 T, Hu 456, T-24, Hu 
961a, Hu 1703He) [ 101 and the glioma cel1 line 
(SA-4) [ll], were supplied by Dr. M. Marcel 
(University Hospital, Ghcnt, Belgium). Thc two 
hepatoma cel1 lines PLC/PRF/5 and McG(30- 
80)6 were a kind gift of Dr. M. F. Bassendine 
(University of Newcastle, U.K.). Hela D98/AHg 
[ 121 and Hela H21 (human cervix carcinoma 
sublines), Jurkat C and CEM WT 053 (human 
T-cel1 lymphomas), FS-4 (human diploid fibrob- 
last), were obtained from the cel1 lim collection of 
the Laboratory of Molecular Biology (Univcrsity of 
Ghent, Belgium). The mouse cel1 lim L-929 (fibro- 
sarcoma) and the human diploid fibroblast lint 
EiSM were obtained from the Rega Insitute (Lou- 
vain, Bclgium). Jurkat A (human T-cel1 lympho- 
ma) was obtaincd from Biogen S.A. (Geneva, 
Switzerland). (CCL 23)HEP (human epidcrmoid 
carcinoma) was provided by Dr. C. Weissman 
(Zurich, Switzerland). 

RESULTS 
TNF- and IFN-preparations 

Bacterial r-hTNF, produced in amounts of up to 
30% of the total bacterial protein mass by the E. 
coli strains NF-1 or MC-1061, which harbor the 
expression plasmid pPi,c236mu-hTNF1 [7], and 
purificd to apparent homogeneity (Tavernicr et al., 
unpublishcd results), was used in thc different 
biological assays. The protein preparation was at 
least 99% pure, migrated as a 36 Kd proteln upon 
gel filtration, as a 17 Kd band on a sodium &&cyl 
sulfate (SDS)-polyacrylamide gel, and had a spe- 
cific activity of 2-3 X 107 U/mg. Pure, glycosylated 
human IFN-y [8, 91, produced in cultures of 
Chinese hamster ovary cclls transformed with a 
combination of plasmids coding for dihydrofolatc 
rcductase and interferon gamma (IFN-y), was 
used. The concentration of IFN-y is expresscd in 
intcrnational units (IU)/ml. Immuncron@, human 
interferon y synthesizcd in E. coli, is a product of 
Biogen. 

Sensitivio of human tumor cel1 lines to TNF in a cytolytic 
assay 

Target cel1 lines 

The cytolytic/cytostatic effect of r-hTNF on 
different human cancer cel1 lincs was cxamined. 
Two human diploid fibroblast cc11 lines (FS-4 and 
Et SM) and a human diploid lung cel1 line (WI-38) 
were used as normal cel1 controls. It had prcviously 
been shown that TNF often acts synergistically 
with actD in killing “susceptible” cel1 lines. Cytoto- 
xicity is cnhanced and the cells are killed much 
earlier, cel1 death being alrcady apparent about 8 
hr after exposure [3]. The susceptibility to rTNF of 
a largc number of human tumor cel1 lines was 
tested in a “cel1-1ytic” assay both in the abscncc 
(-actD) and in the prcscnce (+actD) of actD. Cc11 
survival was mcasurcd after an incubation period 
of 48 hr (-actD) or 18 hr (+actD) as dcscribed 
undcr “Mcthods”. Rcsults of both assays (- and 
+actD) arc summarized in Table 1. Sensitivity of 
the targct cells to r-hTNF is exprcssed as thc 
conccntration of TNF, indicatcd in U/ml, ncedcd 
to rcduce cc11 survival by 50%. 

The human cel1 lincs ME-180 (cervix carcino- WC observed that in thc 48-hr cell-lysis assay 
ma), SK-BR-3, MCF-7, and BT-20 (breast carci- performed in the absencc of actD, only very fcw cc11 
noma), SK-OV-3 (ovary carcinoma), HT-29, lincs (e.g. Hela D98/AH2 and Hela H21 sub- 
COL0 320 DM, and SK-CO-1 (colon adenocar- cloncs) expressed a 50% cytolytic sensitivity. 
cinomas), A-549 (lung carcinoma), VA-10 and Howcver, this does not mcan that the other malig- 
SV-80 (SV40-transformed fibroblasts), KB and nant cc11 lincs testcd were totally insensitivc to thc 
CALU-1 (epidermal carcinomas), WI-38 (diploid cytolytic action of TNF; it only shows that in thc 
embryonic lung), RPMI-795 1 (melanoma), MG- lattcr targct cel1 lines no 50% cytotoxicity value 



TNF and its Synerpy with Inlerferon-y 421 

Table 1. r-hTNF sensitivity of human malignant and non-malignant cel1 lines 

Cel1 line TNF-sensitivity* 

+act.D -act.D 

Growth-inhibition assayt Growth- 
charact. 

TNF-sensitivity Synergism Growth 
inh. by 
IFN-y 

50% 25% 10% 50% 25% lOo/o 

Cervix carcinoma 
C4-11 
ME-180 
HeLa-H21 
HeLa D98/AH2 
Ovary carcinoma 
SK-OV-3 

Breast carcinoma 
BT-20 
MCF-7 
SK-BR-3 
Epidermoid carcinoma 
KB 
CALC-1 
CCL3 (HEP) 
Lung carcinoma 
A-549 
Colon adenocarcinoma 
HT-29 
COL0 320 DM 
SK-CO-1 
Hepatoma 
McG(3@80)6 
PLCIPRFI5 
Melanoma 
RPMI-7951 
Osteosarcoma 
MG-63 
HOS 
MNN(;-HOS 
Glioma 
SA-4 
Leukarmia/lymphoma 
Jurkat A 
Jurkat C 
CEM WT 053 
Raji 
SV40-transf. fibrobl. 
SV-80 
VA-10 
Amnion. 
WISH 
Non-transformcd diploid 
WI-38 
ElSM 
FS-4 

N.D 
0.25 

10 
10 

20 

N.D. 
- 

50 

- 
.X.D. 

_ 

- 
N.D. 

200 

10 
150 
250 

0.25 

N.D. 
N.D. 
N.D. 
X.D. 

200 
10 

15 

.Tl 
110 

_ 

N.D. 
- 
- 

2200 

- 

- 
- 
- 

N.D. 
_ 
- 

- 

_ 

X.D. 
- 

- 

N.D. 

- 

- 
- 
- 

_ 

.N.D. 
N.D. 
X.D. 
X.D. 

- 
- 

_ 

- 
- 
_ 

- - 
125 30 

3300 40 
100 30 

- - 

40 
80 

5 
1.5 

15 

- 
- 
- 

- 

- 
_ 
- 

- 
- 

_ 

- 

N.D. 
- 

- 

- 

300 
Cl0 
- 

- 
- 

- 

_ 
- 
- 

_ 

40 
- 

- 

- 
_ 

200 

5 
_ 

3300 

- 

N.D. 
3300 

800 

- 

10 
Cl0 
_ 

- 
- 

10 

- 
- 
- 

104 
5 
3 
1.5 

<15 

1 
1 

<15 

5 
3300 

500 

250 

<li 

1.5 
125 

20 

50 
X.D. 
2200 

50 

200 
<10 
<lO 

_ 

- 

40 

1 

- 
_ 
- 

- 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

- 
- 
_ 

- 

+ 
- 
+ 

+ 
- 

- 

- 
X.D. 

- 

- 

- 
_ 
- 
_ 

- 
- 

- 

_ 
_ 
- 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

- 
- 
- 

+ 

+ 
_ 
+ 

+ 
+ 

+ 

+ 
X.D. 

+ 

+ 

- 
_ 
- 
- 

_ 

+ 

+ 

- 
_ 
- 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
- 
+ 

+ 

+ 
- 
+ 

+ 
+ 

+ 

+ 
N.D. 

+ 

+ 

_ 
- 
_ 
- 

+ 
+ 

+ 

- 
- 
- 

+++ adh. 
++++ adh. 

+++ adh. 
+++ adh. 

++ adh. 

++ adh. 
++++ adh. 

++ adh. 

++++ adh. 
- adh. 

+++ adh. 

+ adh. 

++ adh. 
++++ non-adh. 

+++ adh. 

++ adh. 
- adh. 

+ adh. 

+++ adh. 
X.1). adh. 

++++ adh. 

+ ++ adh. 

- non-adh. 
- non-adh. 
- non-adh. 
- non-adh. 

+ adh. 
+ adh. 

++++ adh. 

- adh. 
- adh. 
- adh. 

*Sensitivity to TNF in the cell-lysis assay in the presencr (+actD) or in thr absente ofactl) (-actD). Sensitivity is rxpressed as U/ml TNF rcquired to 
reduce cel1 sunival to 50% X.D.: nor done: (-): no 50% sensitivity could be obtained at TNF concentrations up to 3300 Uiml. 
tsensitivity ofthe cells to growth in the presencc ofdifierent concentrations of’l’NF, IFN-71 or a combination of both. TNF sensitivity is rxprrsxd as 
U/ml TNF required to induce an antiproliferative effect of 50, 25 or 10%. (-) indicatrs that this elTrct was not present even when using a TXF 
concentration of 3300 U/ml. The presencr (+) or absente (-) ofa synergistic cytotoxic/cytostatic &ct of’I‘NF and IFN-y is indicated at 50, 25 and 
10% sensitivity of the cells to IFN-y alone. ‘The growth-inhibitory efTect of IFN-y (at a conccntration of 18,ooO IU/ml) on the cells is cxprcssed as no 
reduction (-). ora reductionof 10 (+), 20 (++). 40 (+ ++) or60% or more (++++) ofthr trratrd wils compared with thc crll numbwp~rsrnr in thr 
control. 
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could bc obtained within 2 days with TNF doses of 
up to 3000 U/ml. When the assay was pcrformed in 
the presencc of actD, most of the cel1 lines became 
sensitive, so that a 50% lytic value was attained at 
cell-specific TNF concentrations. These results 
show that actD greatly enhances the sensitivity of 
many target cel1 lines to the cytolytic activity of 
TNF. The question can be raised whether treat- 
ment of the cells with actD does not black a 
mechanism which allows the cells to avoid or 
counteract TNF-induced killing, as the apparent 
tumor-cel1 specificity of the TNF activity seems less 
stringent or even partly lost in the presencc of 
actD. Only one of the diploid control cel1 lines 
(FS-4) remained insensitive to the cytolytic action 
of TNF, even when up to 1.6 X 104 U/ml TNF 
were used. The two other non-transformed cel1 
lines tested (WI-38) and Et SM) became clearly 
sensitive to TNF by treatment with actD. 

Synergism of hIFN-y with the cytolytic activity of TNF 
We next evaluated the synergistic action of 

IFN-y and TNF on a set of cel1 lines known to be 
tumorigenic or at least transformed, as wel1 as on a 
set of non-transformed cel1 lines. Preliminary re- 
sults regarding this synergism were obtained with 
natura1 hTNF from 12-0-tetradecanoyl phorbol 
13-acetate (TPA)-induced U-937 cells, on two 
cervix carcinoma cel1 lines, ME- 180 and Hela H2 1, 
and on one breast-carcinoma cel1 line, BT-20. Al1 
these cel1 lines became sensitive or more sensitive 
to the cytotoxic action of TNF by addition of 
hIFN-y, and this synergy was nearly indistinguish- 
able for natura1 hTNF or r-hTNF. Table 1 summa- 
rizes the results obtained by testing different cel1 
lines with r-hTNF and/or hIFN-y in the growth- 
inhibition assay. Data on the sensitivity of the 
target cel1 lines to rTNF in the absente of IFN-y 
are presented for the 50, 25 and 10% cytotoxicity 
levels. The 50 and 25% values were chosen to 
allow an evaluation of the cytolytic effect as wel1 as 
the comparison of the TNF sensitivity of the diffe- 
rent target cells. Thc 10% value of cytotoxicity was 
used to differentiate between cc11 lines that are 
complctely insensitive and cel1 lines that are only 
slightly sensitive to TNF. Furthcrmore, the cxtent 
of growth inhibition of cells treatcd with 18,000 IU 
of IFN-y/ml is indicated. Finally, the presence of a 
synergism betwecn hIFN-y and r-hTNF, attaining 
50, 25 or 10% of the cytolytic activity at a given 
IFN-y concentration, is also shown (this activity 
refers to the cytolytic/antiproliferative effect of thc 
combined treatment with TNF and IFN-y com- 
pared with the effect obtained by treatment with 
IFN-)I alone). 

The data allow a classification of the cc11 lines 
into different groups, depending on their sensitivity 
to cytolysis by TNF alom or in combination with 

hIFN-y. A first group of targct cel1 lincs is char- 
acterized by the fact that they arc sensitivc to 
treatment with TNF alone, as 50% cytolysis occurs 
at a specific TNF concentration, but they become 
clearly more sensitivc when even low doses of 
IFN-y are added. The in vitro TNF-induced cell- 
killing is significantly enhanccd by a combined 
treatment of these target cel1 lines with TNF and 
IFN-y (Table 2 and Fig. 1). This syncrgy is 
dose-dependent and can be observed with as little 
as 10 IU/ml of IFN-y; it reaches a plateau value at 
200 IU/ml. This group includes the cervix carcino- 
ma cel1 lines (ME-180, Hela-H21 and Hela D98/ 
AH2) and two breast carcinoma cel1 lines (BT-20 
and MCF-7). A second group of malignant cel1 
lines (SK-BR-3, SK-CO-1, McG (30-80)6, SK- 
OV-3 and HT-29) are characterized by a relative- 
ly low sensitivity to treatment with TNF alone, 
attaining a cytolytic effect of at most 25% or even 
lO%, but by a remarkable enhancement of this sensi- 
tivity by synergism with IFN-y. At approx. 200 
IU/ml of IFN-y, about 100 U/ml of TNF is 
sufficient to attain a 50% cytolytic effect (Table 2). 
A third group of cel1 lines tested (PLC/PRF/5, 
MG-63, MNNG-HOS, SA-4 and Cl-11) shows 
the same relatively low sensitivity to TNF treat- 
ment, but synergism with IFN-y is less pro- 
nounced than in the second group. Even with 
relatively high doses of IFN-y, a 50% cytolytic 
effect could not bc obtained. The three TNF- 
sensitive leukemia cel1 lines (CEM WT 053 and 
Jurkat A and C) are not susccptible to synergism 
with IFN-y. Finally, al1 non-transformed fibrob- 
last cel1 lines tested (FS-4, WI-38 and E,SM), and 
also two non-adherent malignant cel1 lines (Raji 
and COL0 320 DM), are completely rcsistant to 
the cytolytic activity of TNF even at IFN-y con- 
centrations as high as 18,000 IU/ml. 

Synergism can also be demonstrated by quan- 
tifying the percentage of cells resistant to treatment 
with TNF alom or to a combination of TNF and 
IFN-y. The number of resistant cells remaining 
after treatment with high doses of TNF and IFN-y 
is always remarkably lowcr than the number of 
cells present after treatmcnt with cach of these 
proteins alom (data not shown). Even at IFN-y 
concentrations too low to inducc any anti- 
proliferative effect on their own, the cytostatic/ 
cytolytic effect of TNF is already considerably 
enhanced. This again illustrates thc remarkable 
synergism bctwecn TNF and IFN--y. 

Correlation between malignancy and TNF-sensitivio 
In order to study in more detail the apparent 

specificity of TNF in killing transformed cel1 lincs, 
a number of human urothclial cel1 lines of non- 
malignant as wcll as of malignant origin wcrc 
tested for thcir TNF-sensitivity and susccptibility 
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Table 2. Synergism of r-hTNF aad hIFN-y on dzxerent human cel1 lim 

hIFN-y 
IU/ml 

HeLa 
W8 

Cel1 line 
HeLa BT-20 MCF-7 MG180 H’P29 SK-BR-3 SK-CGI SK-<)V-3 McG(3& Fs-4 
H21 80)6 WI-38 

E,SM 
U/ml TNF 

0 100 3300 30 80 370 >3300 >33300 
0.9 100 2200 30 80 370 >33Ou >33300 
2.7 100 3300 30 80 370 >3300 >33300 
8 30 3300 30 80 370 2200 >33300 

25 10 1110 30 80 2 35 >33300 
75 12 750 20 80 2 9 270 

220 10 250 9 60 2 5 - 

670 5 125 5 30 2 3 100 
2c00 7 80 5 30 10 9 270 
6000 5 60 5 30 10 9 400 

18OGil 7 35 3 30 10 5 400 

>33300 
>33300 
>33300 

140 
140 

100 

15 

15 

>33300 
>33300 
>33300 
>33300 
>33300 
>33300 

_ 

11100 
11100 
_ 

1250 

>3300 
>3300 
>3300 

2220 
1110 

30 
10 
10 
30 
30 

>3300 
>33Oil 
>3300 
>3300 
>3300 
>3300 
>3300 
>3300 
>3300 
>33(x) 
>3300 

Cells were tested using a “growth-inhibitory” assay as described in “Materials and Methods”. 
Sensitivity is expressed as U/ml hTNF required to result in an antiproliferative ellect of 50% of the number ofcells present whrn trratcd with 

hIFN-y alonc. 

ME-180 ' 
-1w 

Fig. 1. S$ur@srn of h-rTNl;nnd hIFN-_y on diJerent human malignnnt cel1 ik. TNFscn.sitiui~v ( A-A) is expressed ar Ulml r-hTA’lT (leJì orduuzte) required to 
obtain 50% cell-growth inhibition in the presence of the corresponding MN--y concentration. Gmwth inhibition 4~’ hIkWy (w ri~cht ordinate) ir #_ve.wed (LI n 

percentage of the untreated rontrol. 

to the syncrgistic effect with IFN-v. As these cc11 invasivc in vitro (dcstruction of fragmcnts of 

lines have been exceptionally wel1 charactcrizcd embryonic heart tissue) [ 131. The results of our 
and also classificd into different transformation study are summarized in Tablc 3. Hu 609 T and 

grades (TGr) [lol, we have invcstigatcd a possible HCV 29 T cells arc spontancously transformcd 

correlation bctwecn thc grade of transformation sub-lines of Hu 609 and HCV 29, respcctively, 
and TNF-susceptibility. TGrII cells diffcr from and these couplcs may thcrcforc bc considcrcd to 
TGrI in having an infinitc lift span, but both bc pairs of closcly rclatcd cel1 lincs with diffcrcnt 

classes of cclls arc non-tumorigcnic in nudc micc transformation charactcristics. Thr Hu 609 T cc11 

and non-invasive in uitro. TGrIII cclls have thc lint shows somc TNF-sensitivity (10% cytolysis 

ability to product tumors in nude micc and arc with 80 TNF U/ml), which can bc cnhanccd by a 
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combincd treatmcnt with IFN-JJ (up to 25% 
cytolysis). The HCV 29 T cel1 line, on thc othcr 
hand, is not sensitive to thc cytotoxic activity of 
TNF, but shows sensitivity to thc growth- 
inhibitory effect of IFN--y. Othcr cc11 lines tcsted, 
classified as TGrIII, respond variously to treat- 
ment with TNF. Two cel1 lines (Hu 961a and Hu 
1703He) are sensitive to cytolysis by TNF but arc 
not susceptiblc to synergism with IFN-y. Another 
cell’ line (Hu 456) is only slightly sensitive to 
treatment with TNF (up to 25% cytolysis), but the 
sensitivity can be somewhat increased by simul- 
taneous treatment with IFN-v. T-24 is slightly 
sensitive to TNF (up to 10% cytolysis) only when 
treated with IFN-y. 

DISCUSSION 
This study documents the in uitro effect of r-hTNF 

on a broad range of human transformed and 
non-transformed cel1 lines. hTNF is cytolytic to a 
number of malignant cel1 lines and has a cytosta- 
tic/cytotoxic effect synergistic with the growth- 
inhibitory effect of IFN-y. This effect was clearly in 
evidente when tested on different cervix and breast 
carcinoma cel1 lines. Remarkable enhancement of 
the cytotoxicity of TNF could be detected with as 
little as 10 IU/ml of IFN-y, the saturation concen- 
tration being 200 IU/ml, while other cel1 lines 
tested needed higher IFN-y concentrations to show 
synergism with the cytotoxic effect of TNF. Some 
cel1 lines, not sensitive to TNF alone, became 
highly sensitive in the presence of IFN-y. Al1 
human, non-transformed, diploid cel1 lines tested 
were insensitive to TNF even in the presence of 
IFN-y. The enhancement of the sensivity of many 
target cel1 lines to TNF-cytolysis by treatment with 
actD was also clearly demonstrated. In contrast to 
the synergism with IFN-y, however, some normal 
cel1 lines in the presence of actD also became 
sensitive to cytolysis by TNF. In order to simulatc 
natura1 conditions, al1 experiments presentcd here 
were performed with glycosylated hIFN-y. But 
synergism was also tested on a number of human 
cel1 lines with unglycosylated human recombinant 
IFN-y (1 mmuneron, Biogen) and, within the 
accuracy of the assay, the results were indisting- 
uishable from those obtained with glycosylatcd 
hIFN-y. 

Our rcsults, obtained by measuring TNF- 
sensitivity of a number of human urothelial cel1 
lines classified into different transformation gradcs, 
suggest that TNF-sensitivity does not automatical- 
ly correlate with an increased degrec of malignan- 
cy. Clearly, not al1 cells displaying well-defined 
transformation characteristics are susccptible to 
cytolysis by TNF or becomc so through syncrgism 
with IFN-y. On the other hand, several cel1 lincs 
classified as TGrIII are sensitive to cytolysis by 

TNF. The reason for the lack of responsc to TNF of 
some tumor cclls and for the cytotoxic or only 
cytostatic response of other malignant cells is not 
yet known. Some lymphoblastoid cel1 lincs do not 
respond to TNF, and indeed, somc lack a signi- 
ficant number of TNF receptors [ 141. Therefore, 
the resistance of at least some cc11 lincs may be dut 
to the (near) absente of specific cell-surfacc rcccp- 
tors to which TNF must bind to exert its cytostatic 
and/or cytolytic activity. However, somc othcr cc11 
lines resistant to the cytotoxic action ofTNF can bc 
killed when also treated with metabolic blockcrs 
such as actD. This makes it unlikely that these cells 
lack the ability to interact with TNF. 

The molecular mechanism of the enhancement 
of TNF cytotoxicity of IFN-y or actD is at present 
unknown. It was previously shown [3], and the 
present study confirms this, that inhibition of 
protein synthesis in the target cel1 line by certain 
metabolic drugs causes a remarkably accelerated 
TNF-induced cytolysis. The hypothcsis that a 
mechanism, required for repairing a TNF-induced 
defect, is inhibited stil1 needs to be proved. Using 
similar assay conditions, we could find no corrcla- 
tion between the enhancement of the sensitivity of 
the target cel1 and the treatmcnt with actD or with 
IFN-y. Presumably, actD and IFN-y influencc 
different steps in the complex process of TNF- 
induced cel1 lysis. While metabolic blockers such as 
actD possibly increase the sensitivity of the cc11 by 
interfering with some protective or repair mechan- 
ism, IFN-y may enhance the sensitivity of the cclls 
by inducing (more) TNF-receptors or changes in 
the membrane structure. Studies on thc effect of 
IFN-7 on the target cells have shown that, besidcs 
an antiproliferative effect, an alteration of the 
membrane structurc could also be observed [ 151. 
The cel1 lines tested varied in their sensitivity to the 
antiproliferative effect of IFN-y, added as a single 
effector, but no correlation bctween the dcgrcc of 
cell-growth inhibition and the sensitivity to TNF- 
cytolysis induced by synergism with IFN-y could 
be detected (Table 1). Schrciber et al. [16] have 
shown, by using monoclonal antibodies, that IFN- 
y contains topologically distinct functional do- 
mains responsible for inducing different rcsponscs. 
Therefore, the antiproliferativc effect of IFN-y may 
pcrhaps not be directly corrclated with its syncrgis- 
tic action on cel1 lysis by TNF. WC were not ablc to 
demonstrate synergy betwccn IFN-y and TNF on 
any of the lymphoma/lcukemia cel1 lines tcstcd. 
Indecd, some lymphoblastoid cc11 lines do not 
carry mcmbranc rcceptors for IFN-y [ 171. 

By using thc growth-inhibition assay it is dif- 
ficult to prove unambiguously whcthcr cytostasis 
or cytolysis occurs during treatment with the com- 
bination of TNF and IFN-y. By comparing thc 
numbcr of cells present bcfore and aftcr thc 3-day 
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Table 3. TNF sensitivi& of different human malignant urothelial cel1 lines 

Classifica- 
tion 

TNF sensitivity Synergism with IF-Y-y Growth 
inhihi- 
tion hy 
1 FN-y 

50% 25% 10% 50% 25% 10% 

Hu 609 TGr 11 _ _ _ _ _ +++ 
HCV 29 TGr 11 _ -. _ _. _ _ 

Hu 609 T TGr 111 _ _ 80 _ + + ++ 
HCV 29 T TCr 111 _ _ _ _ ttt 
Hu 961 a TGr 111 80 1 1 _ _ ++ 
Hu 1703 He TGr 111 40 3 1 _ _ +++ 
Hu 456 TGr 111 _ 2000 80 - + + +++ 
T-24 TGr 111 _ _ _ + +++ 

Legend: see Table 1. 

treatment, it is possible to get an idea as to which 
effect predominates. These data suggest that 
cytolysis and cytostasis occur simultaneously, and 
that thc balance depends on the specific sensitivity 
of the target cel1 line. Furthermorc, the growth- 
inhibitory effect of IFN-y is not only additive but 
clearly synergistic with the cytostatic effect of TNF 
itself. But further studies, using techniques which 
allow quantitation of the cells which actually lyse 
in the growing culture, may be needed for morc 
definite conclusions. 

The known in vitro and in vivo biological activities 
of TNF and lymphotoxin (LT) are very similar. 
LT is produced by B-cells, while TNF is secrcted 
by macrophage-type cells. LT has also been re- 
ported to act synergistically with IFN [ 18, 191. 
Even the synergism between TNF and IFN, first 
described by Williamson et al. [20], most probably 
refers to a synergism between LT and IFN, as thc 
cytotoxic product was produced by a B-cc11 lint. 
Sequence analysis of cloned TNF and LT has 
shown that therc is about 30% homology betwccn 
the amino acid scquences of the two protcins. In 
addition, LT activity on L-929 cclls is not inhi- 
bitcd by TNF-spccific antibodics (data not shown) 

[21]. TNF and LT may intcract with a common 
membrane receptor or, alternativcly, the two pro- 
ducts may share common biological activitics 
acting on different targets. 

Since TNF is cytotoxic to a broad range of 
human tumor cel1 lines, especially in combined 
treatment with IFN-y, it could prove to bc an 
important tool in canccr therapy, for limiting 
tumor growth, and, hopefully, also for prcventing 
invasion and metastasis. The usc of TNF in a 
combined treatment with othcr clinical cytotoxic 
drugs, now used in canccr therapy, should also bc 
evaluated. 
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