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Summary. The mechanism of sensitivty and resistance of 
various ovarian carcinoma lines to recombinant tumor 
necrosis factor (rTNF)-mediated cytotoxicity has been in- 
vestigated using a 24-h 51Cr-release assay. The cell line 
PA-1 is sensitive to TNF in a dose-dependent manner, 
whereas the cell line SKOV-3 is resistant to TNF even at 
high concentrations. The simultaneous addition of TNF 
and cycloheximide (CHX) in the assay converted the re- 
sistant SKOV-3 line into a sensitive line, but no detectable 
change was observed with PA-I. rTNF inhibited DNA, 
RNA, and protein synthesis of the sensitive PA-I line, 
whereas it had no effect on SKOV-3. This finding was not 
due to differences in the expression of TNF receptors, as 
both cell lines expressed equivalent numbers of receptors. 
The addition of CHX to TNF resulted in suppression of 
DNA, RNA, and protein synthesis in both the sensitive and 
the resistant cell lines. Pretreatment of the cell line with 
TNF for 3 h and subsequent washing resulted in significant 
cytotoxicity of the sensitive PA-1 line and some cytotoxic- 
ity against SKOV-3. However, if the cells were pretreated 
with CHX for 3 h followed by rTNF for 24 h, a significant 
decrease in cytotoxicity was observed in both cell lines. 
Under these conditions, there was no significant inhibition 
of DNA, RNA, or protein synthesis. Pretreatment of cells 
for 24 h with TNF and 24 h with CHX resulted in augmen- 
tation of the cytotoxicity of PA-1 and SKOV-3, whereas 
pretreatment for 24 h with CHX followed by 24 h with 
TNF resulted in no cytotoxicity. Cells pretreated with CHX 
for 24 h showed poor binding of [125]I-TNF and poor inter- 
nalization, whereas cells pretreated for 24 h with TNF 
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showed marked enhancement of intemalization. The sensi- 
tivity of freshly derived ovarian carcinoma lines to TNF 
and CHX demonstrated that TNF-resistant cells became 
more sensitive if treated with CHX. These results demon- 
strate the potential use of metabolic inhibitors in increasing 
the sensitivity of fresh ovarian tumor ceils to TNF. 

Introduction 

Tumor necrosis factor (TNF) is a cytokine, primarily pro- 
duced by macrophages or B cells [11,25], that exerts many 
activities. TNF has been reported to cause necrosis of 
tumors transplanted in mice and to show cytotoxic and 
cytostatic activity in murine and human tumor cells in vitro 
[3, 6, 8, 12, 13, 20]. Recombinant DNA technology has 
made it possible to produce large amounts of recombinant 
TNF (rTNF) for clinical and investigational uses [15, 19]. 
Recent reports [5, 20, 24] have shown that TNF may not be 
directly cytotoxic against a variety of fresh human tumor 
ceils. Although the mechanism of TNF-mediated cytotox- 
icity has not yet been clarified, it has been reported that 
TNF arrests cells at the G2 phase of the cell cycle and that 
TNF-mediated cytolysis occurs at the mitotic phase [4]; 
thus, TNF may take. a long time to mediate its cytotoxic 
activity [7]. 

In an attempt to improve the cytotoxic activity of TNF, 
particularly in resistant target cells, simultaneous use of 
rTNF with various chemotherapeutic agents or biological 
response modifiers (BRMs) has been considered. The 
combination of rTNF with actinomycin D or interferon 
results in augmentation of cytotoxicity [1, 4, 5, 7, I0, 20, 
25]. Other reports have also shown that the inhibitor of 
protein synthesis, cycloheximide (CHX), improves the cy- 
totoxicity of TNF in resistant target cells [9, 10, 18]. 

The cytotoxic effect of TNF on freshly derived human 
ovarian tumors has not been investigated. Our recent study 
[14] showed that some, but not all, fresh ovarian tumor 



cells were sensitive to high doses of rTNF in vitro. These 
results suggest that rTNF alone is not clinically effective in 
treating ovarian tumors, and the use of high doses of TNF 
may cause serious side effects [2, 23]; therefore, it might 
be necessary to apply a relatively low dose of TNF in 
combination with other therapeutic modalities. Our pre- 
vious study [14] demonstrated that the combination of 
suboptimal doses of rTNF and other BRMs (rlFN-2 and 
OK-432) was not very effective against ovarian tumor cells 
in vitro. In the present study, the effect of CHX on the 
antitumor activity of rTNF was examined in vitro against 
established and freshly derived ovarian tumor cell lines. 

Materials and methods 

Preparation of ovarian tumor cells. Two in vitro established cell lines, 
PA-1 and SKOV-3, were used. They are plastic-adherent and are thus 
maintained in monolayer cultures on plastic in culture medium at 37" C 
in 5% CO2. The medium consisted of RPMI-1640 (M. A. Bioproducts) 
supplemented with 10% fetal calf serum (Gibco), 1% nonessential amino 
acids (Gibco), 1% L-glutamine (Gibco), 1% penicillin-streptomycin 
(Gibeo), and 1% Fungisone (Flow). For use, the cells were harvested by 
overlaying the monolayer with a solution containing 0.25% trypsin and 
0.02% EDTA (Gibco). After 5 min incubation for PA-1 and 20 min 
incubation for SKOV-3 at 37"C in 5% CO2, the adherent cells were 
removed from the plastic by tapping the flask sharply and the cells were 
collected. They were then washed three times in Hanks' balanced salt 
solution (HBSS) and resuspended in culture medium. 

rTNF. Purified human rTNF (sp. act. 5.02× 107 units/mg; lot 3056-55) 
was a generous gift from Genentech (South San Francisco, USA). 

CHX. CHX was purchased from Sigma Chemical Company (Lot 96F- 
0688). CHX stock solution was dissolved at 1 mg/ml in culture medium 
containing 20% ethanol and was then diluted in culture medium as 
needed. 

51Cr-release test. Target cells were labeled with Na2 [SICr]O4 (Amer- 
sham; 1 mCi/ml), and 0.2 ml StCr was then added to 106 cells in 2 ml 
culture medium. After 3 h incubation at 37" C in 5% CO:., the cells were 
washed three times in HBSS and suspended at a final density of 
5 x 104/ml in culture medium. The assay was set up in triplicate in 
96-well, U-bottom microtiter plates (Nunclon). In all, 0.1 ml target-cell 
suspension and 0.1 ml rTNF and/or CHX solution was added to each 
well and incubated at 37"C in 5% CO,_. After 24 h incubation, the StCr 
released into 0.1 ml superoatant from each well was determined using a 
Beckman 5500 gamma counter. For total lysis, 0. I mi 2% Triton X was 
added to target cell and 0. I ml culture medium was used for spontaneous 
lysis. The mean value of triplicates was used to calculate the percentage 
of specific lysis as follows: 

%specific lysis = 
(test cpm - spontaneous cpm) 

(total cpm - spontaneous cpm) x 100 

DNA, RNA, andprotein synthesis. The effect of rTNF or CHX on DNA, 
RNA and protein synthesis was examined following the incorporation of 
[3H]-thymidine ([3H]-TdR), [3H]-uridine ([3H]-UdR), and [3H]-leucine 
([3H]-Ieu) respectively, into cells. The target cells were incubated at a 
final density of 5 x 104/0.2 ml per well in a 96-well, fiat-bottom micro- 
titer plate (Nunclon). To each well, a 0.5-I.tci sample of each tritiated 
precursor was added 18 h before cell harvest. The radioactive pulse was 
extended for 18 h to ensure full assessment of the effect of the particular 
agent on DNA synthesis. Since the tumor cells were heterogeneous and 
represented different phases of the cell cycle, we wished to determine the 
effect of the various agents on other stages of the cell cycle, as TNF may 
affect cells that are not primarily in the S phase. 

After 24 h incubation, the supematants were aspirated by pipette and 
0.1 ml solution containing 0.25% trypsin and 0.02% EDTA was added to 
each well. After 5 rain incubation for PA-I or 20 min incubation for 
SKOV-3, the cells were removed from the plastic by pipetting and 0.1 ml 
culture medium was added to each well. Thereafter, the cells were 
harvested onto glass-fiber filters using a multiple-cell harvester (MASH 
II, M. A. Bioproducts). After drying at room temperature, the glass-fiber 
filters were placed in minivials with 3 ml liquid scicntillation fluid 
(Safety-solve) and the radioactivity was counted in a liquid scintillation 
counter (Beckman LS7500). All experiments were set up in triplicate, 
and the mean value was used to calculate the percentage of control uptake 
as follows: 

(test cpm - BG) 
% control uptake = 

(control cpm - BG) x 100 

Binding and internalization of [1251]-rTNF. rTNF was iodinated using 
Iodobeads (Pierce) according to the method described in a previous 
report [26]. This assay was set up in triplicate in 12 x 75 mm test tubes 
(Falcon 2058). For assay of specific binding to TNF receptor, 106 cells 
were suspended in 0.5 ml culture medium, the tubes were placed on ice 
for 10 min, and then [~I]-rTNF was added to achieve a final concentra- 
tion of 0.5 nM. After incubation at 4" C .for 2 h, the ceils were centrifuged 
for 60 s at 3,000 g and washed twice in ice-cold culture medium. After 
the washes, a small amount of culture medium remaining in the tubes 
was removed by paper filter and the radioactivity was measured in a 
gamma counter. Preliminary experiments indicated that all of the excess 
unbound [125I]-rTNF was removed under these conditions. Nonspecific 
binding was determined by adding a 100-fold excess of unlabeled rTNF, 
and this represented <10% of the total bound radioactivity. Nonspecific 
binding was subtracted from the total binding. The data obtained from 
the saturation binding experiments were subjected to a Scatchard analy- 
sis. The total number of rTNF binding sites was calculated by inspection 
of the graph. 
The surface-binding and internalization of rTNF in tumor ceils in the 
24-h incubation with radiolabeled rTNF was assessed according to the 
modified methods described by Tsujimoto et al. [21]. Briefly, 1 ~  cells 
were incubated with 0.5 nM [nsI]-rTNF for 24 h at 37"C; this experi- 
ment was set up in triplicate. The cells were washed three times in 
ice-cold culture medium and resuspended in 2 ml 0.05 M glycine-HCI 
buffer (pH 3.0). After incubation for 5 min at 4" C, the cells were centri- 
fuged and the supernatants, collected. The pellet was washed twice in 
culture medium and the cells were solubilized in 0.1% NaDoSO4. t2q 
radioactivity found in the glycine buffer represented the surface-bound 
rTNF, and the activity found in the solubilized fraction gave a measure of 
the internalized intracellular rTNF. Student's t-test was used to deter- 
mine the statistical significance of the values obtained. 

Results 

We have previously shown [14] that certain ovarian tumor 
cells are sensitive to the cytotoxic effect of rTNF, whereas 
others are resistant. The mechanism of tumor cell re- 
sistance to TNF was examined using two established ovar- 
ian tumor cell lines, one sensitive (PA-1) and one resistant 
(SKOV-3) to rTNF. The present studies examined the ef- 
fect of CHX treatment, the metabolic responses to TNF, 
and the determination of [ 125I]-rTNF binding and internal- 
ization. In all experiments the cytotoxic activity was deter- 
mined by a 24-h 5 ICr_releas e assay. 

Effect of simultaneous addition of CHX and rTNF 

The cytotoxic effect of various doses of rTNF and CHX on 
ovarian tumors was examined. PA-1 was sensitive to 
rTNF, and maximal cytotoxicity was obtained with 1000 
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Fig. L The cytotoxic effect of rTNF or CHX on PA- 1 and SKOV-3 ovarian 
tumor cell lines. The radiNabeled tumor cells were incubated with various 
concentrations of rTNF or CHX for 24 h and the percentage of specific 
lysis was calculated from the radioactivity released into the supematants 
as described in Materials and methods 
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Fig. 2. Effect of rTNF on DNA, RNA, and protein synthesis in PA- 1 and 
SKOV-3 ovarian tumor cell lines. The tumor cells were cultured with 
culture medium ( [] ) or 1,000 units/ml rTNF for 24 h ( [] ). A sample of 
tumor cells was pretreated with 1,000 units/ml rTNF for 3 h, washed, and 
incubated for a further 24 h ( • ). [3H]-TdR, -UdR, or -leu was added to 
the wells 18 h before cell harvest. After incubation, the cells were harvested 
onto glass-fiber filters and radioactivity was measured as described in 
Materials and methods, a- f :  P <0.001; g-i:  P <0.05; j :  P <0.01 
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Fig. 3. Effect of CHX on DNA, RNA, and protein synthesis in PA-1 and 
SKOV-3 ovarian tumor cell lines. The tumor cells were cultured with 
culture medium ([ ] )  or 1.0 I.tg/ml CHX ( [] ) for 24 h. One sample of cells 
was pretreated with 1.0 p.g/ml CHX for 3 h, washed, and incubated for 
24 h ( • ). [3H]-TdR, -UdR, or-leu was added to the wells 18 h before cell 
harvest. After incubation, the cells were harvested onto glass-fiber filters 
and radioactivity was measured as described in Materials and methods. 
a-f ,  h, i, k -n:  P <0.001; g,j: P <0.01 
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Fig. 4. The effect of rTNF and CHX used together on PA- 1 and SKOV-3 
ovarian tumor cell lines. The radiolabeled tumor cells were cultured with 
rTNF and CHX for 24 h and eytotoxicity was assessed as described in 
Materials and methods, a, b: P <0.01 

units/ml rTNF. SKOV-3 was resistant at all rTNF concen- 
trations used. Cycloheximide at 0.1 and 1.0 I.tg/ml was not 
cytotoxic to either tumor cell line (Fig. 1). rTNF had a 
marked suppressive effect on DNA, RNA, and protein 
synthesis of the TNF-sensitive PA-1 cell line, whereas it 
had no effect on the TNF-resistant SKOV-3 cell line 
(Fig. 2). Since the dose of rTNF used exerted 35%-40% 
lysis and suppression of metabolic activities was >75%, 
these results suggest that rTNF inhibits the metabolic ac- 
tivity of residual cells that are not lysed by rTNF in a 24-h 
assay. Treatment with CHX abolished protein synthesis in 
both cell lines (Fig. 3). 

When the tumor cells were cultured with an optimal 
dose of rTNF in the presence of CHX (0.1 or 1.0 ~tg/ml), 

the TNF-resistant SKOV-3 cell line was lysed, whereas the 
magnitude of lysis of similarly treated PA-1 cells was not 
changed (Fig. 4). The profile of DNA, RNA, and protein 
synthesis of SKOV-3 was similar to that of PA-1 (Fig. 5). 

Both PA-1 and SKOV-3 cell lines expressed surface 
membrane receptors for TNF as detected by binding of 
[125I]-rTNF (Fig. 6). The number of receptors was higher 
in ceils treated for 24 h in medium; following treatment 
with rTNF or CHX, the number of TNF receptors 
decreased. Thus, the expression of TNF receptors on the 
target cell membrane of SKOV-3 was not sufficient to 
render the cells sensitive to lysis by TNF. 

The above findings demonstrate that the effect of rTNF 
on the sensitive PA-1 line resulted in inhibition of metabo- 
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Fig. 5. The effect of rTNF and CHX used to- 
gether on DNA, RNA, and protein synthesis in 
PA-I and SKOV-3 tumor cells. The cells were in- 
cubated in culture medium ( [] ), 1,000 units/ml 
rTNF ([]), 1.0 gg/ml CHX ( • ), or 1,000 
units/ml rTNF + 1.0 I.tg/ml CHX ([]) for 24 h. 
[3H]-TdR, -UdR, and -leu were added to the well 
18 h before cell harvest. After incubation, the 
cells were harvested onto glass-fiber filters and 
radioactivity was measured as described in Mate- 
rials and methods, a-j ,  l, m: P <0.001; k: 
P <0.05 
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Fig. 6. Effect of CHX or rTNF on tz-s|-Iabeled rTNF binding. Tumor cells 
were incubated in culture medium ([]), 1,000 units/ml rTNF (1~), or 
1.0 I.tg/ml CHX ( • ) for 3 h or 24 h, then the cells were washed in ice-cold 
HBSS and the cell concentration was adjusted to 106 cells for each tube. 
Thecellswerethen incubated with 125I-rTNF for 2 h at4" Cand[ 12Sl]-rTNF 
binding was determined as described in Materials and methods, a. b: 
P <0.05; c-e, h: P <0.001 ;f, g: P <0.01 

lic activity, whereas it had no effect on the resistant line. 
Treatment with CHX rendered the resistant SKOV-3  cell 
line sensitive to TNF. 

Effect o f  tumor cell pretreatment with rTNF or CHX 

Tumor cell pretreatment fo r  3 h, Pretreatment o f  tumor 
cells with rTNF for 3 h followed by 24 h incubation with 
1.0 l.tg/ml CHX resulted in a significant augmentat ion o f  
lysis in both PA-1 and SKOV-3  cell lines (Fig. 7). In 
contrast, pretreatment for 3 h with C H X  fol lowed by 24 h 
incubation with rTNF resulted in a decrease of  lysis in both 
PA- I and SKOV-3 tumor cells (Fig. 8). 

Cells pretreated with rTNF for 3 h showed suppressed 
DNA, RNA,  and protein synthesis comparable  with the 
effect seen when TNF was present during the whole 18 h 
of  the assay (Fig. 2). Cells pretreated for 3 h in rTNF and 
subsequently in CHX for 24 h showed suppression of  
DNA, RNA,  and protein synthesis in both cell lines 
(Fig. 9). Cells treated for 3 h with C H X  fol lowed by 24 h 
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Fig. 7. Effect of 3 h pretreatment of 
tumor cells with rTNF and sub- 
sequent incubation with CHX. The 
radiolabeled tumor cells were pre- 
treated with 1,000 units/ml rTNF for 
3 h, washed, and then incubated in 
culture medium ([]), 0. I I.tg/ml 
CHX ([]), or 1.0 I.tg/ml CHX ( • ) 
for 24 h. To control for the cytotoxi- 
cit of rTNF, the tumor cells were in- 
cubated in culture medium for 3 h, 
washed, and then incubated with 
1,000 units/ml rTNF for 24 h. The 
cytotoxicity was assessed as de- 
scribed in Materials and methods, a -  
g: P <0.01 
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Fig. 8. Effect of 3 h pretreat- 
ment of tumor cells with 
CHX and subsequent incuba- 
tion with rTNF. The radi- 
olabeled tumor cells were 
pretreated in culture me- 
dium, 0.I ~tg/ml CHX, or 
1.0 I.tg/ml CHX for 3 h and 
washed. TNF was added for 
24 h. The cytotoxicity was 
assessed as described in 
Materials and methods, a, c, 
d: P <0.05; b, e: P <0.01 
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Fig. 9. The effect of 3 h pretreatment with rTNFand subsequent treatment 
with CHX. The cells were pretreated with 1,000 units/ml rTNF for 3 h 
and washed. For control, the cells were incubated in culture medium alone 
for 3 h. Thereafter, the cells were incubated with 1.0 ~ag/ml CHX for 24 h. 
[3H]-TdR, -UdR, or -leu was added to the wells 18 h before cell harvest. 
After incubation, the cells were harvested onto glass-fiber filters and 
radioactivity was measured according to the method described in Materials 
and methods, k~, control; 1~, 3 h pretreatment with 1.000 units/ml rTNF 
+ subsequent incubation in culture medium for 24 h; I ,  3 h pretreatment 
with 1,000 units/ml rTNF + subsequent incubation with 1.0 la~ml CHX 
for 24 h. a-g,  i -n:  P <O.O01; h: P <O.05 
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Fig. 10.Theeffect of 3 h pretreatment with CHX and subsequent treatment 
with rTNF. The cells were pretreated with 1.0 p.g/ml CHX for 3 h and 
washed. For control, the cells were incubated in culture medium alone for 
3 h. Thereafter, the cells were incubated with 1,000 units/ml rTNF for 
24 h. [3H]-TdR, -UdR, or -leu was added to the wells 18 h before cell 
harvest. The cells were harvested onto glass-fiber filters and radioactivity 
was measured according to the method described in Materials and methods. 
k~ control: [] ,  3 h pretreatment with 1.0 I.tg/ml CHX + subsequent 
incubation with culture medium for 24 h; I ,  3 h pretreatment with 
1.0 I.t~ml CHX + subsequent incubation with 1,000 units/ml rTNF for 
24 h. a-e :  P <0.01 

incubation in rTNF showed slight suppression of DNA 
synthesis, whereas neither RNA nor protein synthesis was 
affected (Fig. 10). Thus, these results demonstrate that 
there was a correlation between the cytotoxic activity seen 
and the inhibition of metabolic activities. 
Tumor cell pretreatment for 24 h. The sequential treatment 
of tumor cells with rTNF for 24 h followed by CHX for 
24 h resulted in increased susceptibility to lysis in both 
PA-I and SKOV-3 cells (Fig. 11). Cells pretreated for 24 h 
in CHX and subsequently for 24 h in TNF showed no lysis 
(Fig. 12). However, pretreatment with CHX for 24 h re- 
sulted in a significant decrease in binding and internaliza- 
tion (Fig. 13). It is noteworthy that no competitive inhibi- 

tion was seen in the presence of nonlabeled rTNF, since the 
ligand was present during the 18-h assay period. 

Susceptibility of fresh ovarian carcinoma lines to rTNF 
and CHX 

The effect of rTNF on fresh ovarian carcinoma cell lines 
was minimal in 3/5 lines studied, whereas it was significant 
in 2/5 lines (Table 1). The addition of CHX enhanced the 
TNF-mediated cytotoxic activity, particularly that in the 
resistant lines. Thus, these results demonstrate that CHX 
can induce sensitivity in rTNF-resistant ovarian tumor 
cells. 
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Fig. 11. The effect of 24 h treatment 
with rTNF and subsequent 24 h 
treatment with CHX. The cells were 
treated with 1,000 unitsA'nl rTNF for 
24 h and washed. Thereafter, the 
ceils were labeled with 51Cr and in- 
cubated in culture medium, 
0.1 ~g/ml CHX, or 1.0 [.tg/ml CHX 
for 24 h. The cytotoxicity was 
assessed according to the method de- 
scribed in Materials and methods. 
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Fig. 12. The effect of 24 h treatment 
with CHX and subsequent 24 h treat- 
ment with rTNF. The cells were 
treated with culture medium, 
0.1 I.tg/ml CHX, or 1.0 p.g/ml CHX 
for 24 h and washed. Thereafter, the 
cells were labeled with 51Cr and in- 
cubated with 1,000 units/ml rTNF 
for 24 h. The cytotoxicity w a s  

assessed according to the method de- 
scribed in Materials and methods. 
a, b: P <0.001; c, d: P <0.01 
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Fig. 13. Effect of CHX or rTNF on surface-binding and internalization of 
rTNF in the tumor cells. The tumor cells were preincubated with culture 
medium, 1.0 I.tg/ml CHX, or 1,000 units/ml rTNF for 24 h at 37" C. The 
cells were washed three times in ice-cold culture medium and adjusted at 
a cell concentration of 106 cells for each tube. Thereafter, the cells were 
incubated in culture medium with [IE5I]-rTNF for 24 h at 37" C, washed 
in ice-cold HBSS, and resuspended in 0.05 M glycine buffer (pH 3.0) for 
5 rain at 4" C and centrifuged. The supernatant was collected and radio- 
activity was measured as surface-bound rTNF. The pellet was washed 
twice and the cells were solubilized in 0.1% NaDoSO4; the resultant 
radioactivity was a measure of the intemalized rTNF. k~, surface-bound 
rTNF; [],  internalized rTNF. a, b, d , f - h , j :  P <0.05; c, e, i: P <0.01. A. 
24 h media + 24 h [t251]-rTNF (0.5 nM); B, 24 h CHX (I.0 I.tg/ml) + 24 h 
[125I]-rTNF (0.5 nM); C. 24 h rTNF (I,000 U/ml) + 24 h [t~-sII-rTNF 
(0.5 nM) 

Table 1. Effect of the combination of rTNF and CHX on freshly separated 
human ovarian tumor cells 

Fresh ovarian tumor: %Specific lysis in 48- (24-h) 
5 ~Cr-release assay: 

Patient Histology rTNF CHX rTNF+CHX 
number (1000 units/ml) (1.0 I.tg/ml) 
(age in years) 

1. (38) Serous 4 (0) 6 (2) 14 (2) 
2. (45) Serous 13 (0) 4 (0) 19 (5) 
3.(75) Endometrioid 10 (4) 6 (5) 31 (14) 
4. (52) Serous 33 (25) 8 (0) 34 (31) 
5. (57) Serous 22 (21) 0 (0) 28 (26) 

Discussion 

We presented evidence demonstrating that TNF-resistant 
ovarian carcinoma tumor cells can be rendered sensitive 
following their exposure to CHX. The time course of expo- 
sure was important, as simultaneous exposure or pre-expo- 
sure to TNF (3-24 h) followed by exposure to CHX was 
uniformly associated with increased cytotoxicity. In con- 
trast, pre-exposure of tumor cells to CHX (3-24 h) fol- 
lowed by TNF was associated with decreased cytotoxicity 
in the sensitive lines and did not result in conversion of the 
resistant line to a sensitive line. 

Previous studies have indicated that most TNF-sensi- 
tive target cells require the inhibition of protein synthesis 
to maximize cytotoxicity. This phenomenon is well docu- 



mented in the classic L929 fibroblast celt line, among 
others [17]. It is not clear why protein-synthesis inhibition 
is required for TNF-mediated lysis. It has been suggested 
that some proteins protect the cells and that inhibition of 
their synthesis renders the cells sensitive to TNF [9]. DNA 
repair mechanisms may also be implicated in the phenom- 
enon of sensitivity and resistance. Clearly, as reported pre- 
viously for many target cells [22] and in the present study 
for the ovarian carcinoma cell lines, the mere expression 
of TNF receptors is not sufficient to determine sensitivity 
or resistance. 

The sequence of addition of CHX to resistant target 
cells was a determining factor in their sensitivity to TNF. 
Pre-exposure of cells to CHX for 3-24 h followed by 
pretreatment with TNF resulted in decreased cytotoxicity. 
This decrease correlated with a decrease in the expression 
of TNF receptors. It has been reported that the TNF recep- 
tor has a rapid turnover and is dependent on de novo 
protein synthesis [16]; thus, the inhibition or decrease of 
TNF receptor expression results in resistance. This is 
clearly indicated in the present studies, which demon- 
strated that exposure of PA-1 to CHX for 24 h resulted in a 
marked decrease of binding and intemalization of [1251]- 
TNF and a decrease in cytotoxicity. Also, we found that the 
resistant SKOV-3 cell line binds as much TNF as the 
sensitive line but internalizes only 50%-60% of the 
amount of TNF internalized by PA-1. Although these re- 
suits suggest that internalization may play a role in TNF 
sensitivity, previous studies with other tumor targets [22] 
failed to establish such a correlation. It is conceivable that 
the resistance of different tumor cell lines to TNF may be 
localized at different steps of the lytic pathway, e. g., recep- 
tor binding, internalization, processing, or other intracellu- 
lar events. 

The effect of TNF on the sensitive PA-1 line resulted in 
inhibition of DNA, RNA, and protein synthesis. However, 
these findings were not observed in the resistant target 
SKOV-3. Clearly, CHX inhibits these events and renders 
SKOV-3 sensitive to TNF. It is not clear whether inhibition 
of these metabolic activities is a requisite for sensitivity. 
Nonetheless, such effects might have important clinical 
implications for the therapeutic use of TNF. These results 
suggest that the clinical application of TNF in vivo should 
be followed by drugs that inhibit protein synthesis, such 
that maximal sensitivity and cytotoxicity can be achieved. 

Our studies with fresh ovarian tumor cells showed that 
sensitivity to TNF is generally amplified by the addition of 
CHX. Although CI-LX is used as a chemotherapeutic agent, 
it has resulted in adverse effects when used at high doses. 
In the present study, low concentrations of CHX were used 
(0.1 - 1.0 ~tg/ml) that were sufficient to convert resistance 
to sensitivity; these doses were much lower than those 
reported by others (10-100 I.tg/ml). Our studies show that 
low doses of TNF and CHX are sufficient to kill fresh 
tumor cells. The clinical application of such combination 
therapy will depend on the susceptibility of normal tissues 
to these agents. However, in ovarian cancer, i.p. adminis- 
tration of these agents may reduce the risk of tissue cy- 
totoxicity and maximize the local antitumor effect. Thus, 
the combination of CHX or other, similar agents with TNF 
should be useful in the treatment of ovarian carcinoma. 

It is noteworthy that our studies showing that pretreat- 
ment of tumor cells with CHX followed by TNF results in 
tumor resistance have strong clinical implications. It may 
be reasoned that patients who have undergone chemother- 
apy may carry tumor cells that are insensitive to TNF, as 
was shown in the present in vitro studies. Furthermore, 
such patients may bear tumor cells that are multiple-drug- 
resistant as well as resistant to TNF. Thus, it is important to 
monitor each patient's tumor cell sensitivity to TNF alone 
or in combination with other drugs prior to selecting proto- 
cols for therapy with TNF. 
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