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Abstract. The cytotoxic lymphokine, lymphotoxin (LT), has been shown to possess antitumor 
effect in vitro and in vivo. We examined the effect of the combination of partially purified LT 
with anti-cancer drugs and elevated temperatures on mouse transformed fibroblast cell line, L- 
929, and two human carcinoma of the cervix cell lines, HeLa and ME1 80. The cells were treated 
for 7 hr with Adriamycin, cisplatin, or bleomycin. These cells were then incubated for 24 hr in 
the presence of LT. At the end of the incubation period, cytotoxicity was measured by the neutral 
red dye uptake assay. There was 10- to 47-fold potentiation of cytotoxicity of LT on L-929 cells. 
The potentiation of cytotoxicity on human carcinoma of cervix cell lines ranged from 3- to 23- 
fold. L-929 cells and ME180 cells were incubated for 7 hr at 40 or 42°C followed by 24 hr of 
incubation in the presence of LT. The elevated temperature treatment also enhanced (5-  to 9- 
fold) the cytotoxic effect of LT. DNA, RNA, and protein syntheses of the ME180 cells was 
measured following incubation at 42°C. It was observed that all three parameters were suppressed 
by incubation at this temperature. It was, therefore, possible that the repair of LT damaged cells 
was hampered by the elevated temperature treatment. It is suggested that LT may have a potential 
as an anti-tumor agent in combination with selected therapeutic drugs and hyperthennia. o 1986 

Society for Experimental Biology and Medicine. 

Lymphotoxin (LT) is a cytotoxic lympho- 
kine produced by lymphocytes in response to 
mitogenic, antigenic, or allogenic stimulation 
( 1,2). Many lymphoblastoid cell lines can also 
release LT (3-6). We have shown that OKT4+ 
cells were the major source of this lymphokine 
(7). The cytotoxic effect of LT, on tumor cells, 
has been observed in vitro (8-10). It has also 
been shown to possess anti-tumor activity in 
mice and a dog ( 1 1, 12). Phase 1 clinical trials 
of LT are now underway. 

The exact mechanism of cytotoxic action 
of LT is still undetermined. Specific binding 
of human LT to the target cells (L-929) has 
recently been shown ( 13). Evidence suggested 
that LT acted directly on the target cells and 
caused cell membrane damage (14-16). The 
potentiation of this effect by cytotoxic drugs 
could offer therapeutic advantage. Therefore, 
we investigated the effect of some of the widely 
used anti-cancer drugs and elevated temper- 
atures on the cytotoxic activity of LT against 
tumor cells. 

Materials and Methods. Cell line. HeLa 
Cells (human carcinoma of cervix), ME-180 
cells (human carcinoma of cervix), and L-929 
cells (mouse transformed fibroblast) were ob- 
tained from American Type Culture Collec- 

tions (Rockville, Md.). All cell lines employed 
in this study were maintained in RPMI 1640 
(GIBCO, Grand Island, N.Y.) supplemented 
with 10% fetal bovine serum (GIBCO) and 50 
pg/ml gentamycin (Schering Corp., Kennil- 
sworth, N.J.). The stock cultures were main- 
tained in 75-cm2 flasks (Costar, Cambridge, 
Mass.) and subcultured twice a week. 

Assay system. A semi-automated computer- 
assisted microassay for Lt ( 17) was used in this 
study. Briefly, a suspension of a sensitive clone 
of L-929 cells, at a concentration of 1 X lo5 
cells/ml containing 0.5 pg/ml of mitomycin 
C (Sigma, St. Louis, Mo.), was plated into 96- 
well plates (1 50 pl/well). The plates were in- 
cubated overnight. The following day, LT 
samples were added and serial dilutions were 
made. after 24 hr of incubation, the viability 
of target cells was assessed by the uptake of 
neutral red dye (1 7). A unit of LT activity was 
defined as the reciprocal of the highest dilution 
that caused 50% cytotoxicity as compared to 
the control (17). 

A similar procedure was used to measure 
the cytotoxicity of LT, in combination with 
anti-cancer drugs or elevated temperature, 
against different cell lines. The L-929 cells ( 1.5 
X lo4 cells/well) and the human tumor cells 
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(3 X lo4 cells/well) were seeded into 96-well 
plates and incubated overnight at 37°C. The 
next day, target cells were treated with different 
concentrations of anti-cancer drugs: Adria- 
mycin (doxorubicin), cisplatin (Platinol), and 
bleomycin (bleonoxane). After 7 hr of incu- 
bation in the presence of drugs, the cells were 
incubated for another period of 24 hr with dif- 
ferent amounts of LT. In experiments designed 
to investigate the effect of elevated tempera- 
tures, L-929 and ME 180 cells were incubated 
at 40 and 42"C, respectively. These were the 
highest temperatures which did not kill the 
cells after 48 hr of incubation. After 7 hr of 
incubation at the elevated temperatures, the 
cells were incubated for another period of 24 
hr with different amounts of LT. The viability 
of the target cells was determined and cyto- 
toxicity was calculated as described above. The 
potentiation index was calculated as follows: 

Potentiation index 

LT (units/ml) causing 50% cytotoxicity 

LT (units/ml) causing 50% cytotoxicity 

LT and drugs. LT was produced as de- 
scribed previously (7). Briefly, the buffy coats 
were obtained from the Wadley Central Blood 
Bank and red blood cells were hemolyzed with 
0.83% NH4C1 in Tris-HC1 buffer (0.017 M, 
pH 7.2). The white blood cells were applied 
to a nylon wool column (19 X 19 cm) and 
incubated for 1 hr at 37°C in 5% CO2. The 
nonadherent cells were then eluted using pre- 
warmed (37 "C) culture medium. These cells 
( 1 X 1 O6 cells/ml) were then cultured in RPMI 
1640 containing 80 pg/ml of PHA-P (Difco, 
Detroit, Mich.), 1 pg/ml of indomethacin 
(Sigma), and 50 pg/ml of gentamycin at 37°C 
for 5 days. The supernatant was obtained after 
removing cells by centrifugation at lOOOg for 
20 min. The pool of supernatants was con- 
centrated and dialzyed by Pellicon System 
(Millipore, Bedford, Mass.) using 10,000 mol 
wt cut-off membrane. The crude concentrated 
material was partially purified by Blue Agarose 
and Con-A Sepharose chromatography (7). 
This preparation of LT, with specific activity 
of 5 X lo4 units, was used in the study. 

Adriamycin, cisplatin, and bleomycin were 
obtained through Morton Cancer and Re- 

in the untreated cells 

in the treated cells 

- - 

search Hospital, Dallas, Texas. The drugs were 
diluted with 0.9% NaCl solution to obtain the 
desired concentration, immediately before use. 

Efect of elevated temperature on DNA, 
RNA, and protein syntheses. ME 180 cells at a 
concentration of 1 X lo5 cells/ml were seeded 
into 24-well plates (1 ml/well) and incubated 
overnight at 37°C. The next day, plates were 
incubated at the elevated temperature of 42°C 
for 24 hr. After the incubation, 1 pCi of 
[3H]thymidine (2.0 Ci/mmole), 2 pCi of 
[3H]~ridine (25.2 Ci/mmole), or 4 pCi of 
[3H]leucine (142.3 Ci/mmole) was added and 
incubated for another 4 hr. The materials were 
precipitated with 1 5% tricholoroacetic acid 
(TCA) and the precipitate was collected on 
Millipore filters. The amount of radioactivity 
in the TCA-insoluble material was determined 
by liquid scintillation counting. 

Results. Potentiating efect of drugs on the 
cytotoxic activity of LT. The concentration of 
the drugs for these experiments was predeter- 
mined. The highest concentration which did 
not cause cytotoxicity on target cells after 48 
hr of exposure (in the absence of LT) was used. 
The data in Table I show that all three drugs, 
Adriamycin (0.8 pglml), cisplatin (0.8 pg/ml), 
and bleomycin (0.24 units/ml), potentiated the 
cytotoxic activity of LT against L-929 cells 
(47-, lo-, and 16-f0ld, respectively). 

ME180 cells were quite sensitive to cyto- 
toxic activity of LT. Lymphotoxin at a con- 
centration of 7 units/ml caused 50% cytotox- 
icity to the target cells (Table 11). Following 
drug treatment, the cytotoxic activity of LT 
against ME 1 80 cells was significantly poten- 
tiated. Treating the cells with Adriamycin (0.1 
pglml), cisplatin (0.6 pglml), and bleomycin 
(0.0005 units/ml) potentiated the cytotoxic 
activity of LT, 5 ,  5 ,  and 3 times, respectively 
(Table 11). 

The second carcinoma of cervix cell line 
(HeLa cells) was sensitive to the cytotoxic ac- 
tivity of LT at high concentration. These cells 
required 623 units/ml of LT to cause 50% cy- 
totoxicity (Table 2). Treatment of HeLa cells 
with Adriamycin (0.6 pg/ml), cisplatin (2 pg/ 
ml), and bleomycin (0.24 units/ml) also po- 
tentiated the cytotoxic activity of LT by 17, 
23, and 6 times, respectively (Table 11). 

Experiments were carried out to study 
whether potentiating effect is dose (drug) de- 
pendent. HeLa cells were treated with different 
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TABLE I. POTENTIATION EFFECT OF DRUGS ON CYTOTOXIC ACTIVITY OF LT AGAINST MOUSE 
TRANSFORMED FIBROBLAST CELLS (L929) 

Treatment 
LT (units/ml) required to kill 50% Potentiation 

of cell populations index 

Control 
Adriamycin (0.8 pg/ml) 
Cisplatin (0.8 pg/ml) 
Bleornycin (0.24 units/ml) 

14 -t4' 
0.3 f 0.2 
1.4 k 0.2 
0.9 f 0.4 

- 
47 
10 
16 

' Mean +- SD. 

concentrations of Adriamycin (0.1-0.6 pg/ml). 
A fixed amount of LT ( 125 units/ml) was then 
added. The data in Fig. 1 indicate the drug 
dose-dependent effect. The percentage cyto- 
toxicity on HeLa cells was found to increase 
with the increased concentration of Adria- 
mycin. 

Potentiating efect of elevated temperature 
on the cytotoxic activity of LT. The cytotoxic 
effect of LT at elevated temperature was stud- 
ied on L-929 and ME180 cells. The data in 
Table 111 show that the cytotoxic activity of 
LT on both cells was potentiated by the ele- 
vated temperatures. The cytotoxic activity of 
LT on L-929 cells was potentiated by nine 
times at 40°C and five times on ME 180 cells 
at 42°C. 

The effect of elevated temperature on the 
DNA, RNA, and protein synthesis of ME 180 
cells was also studied. It was found that DNA, 
RNA, and protein synthesis were greatly sup- 
pressed at 42°C as compared to the control 
temperature of 37°C (Table IV). 

Discussion. Lymphotoxin has been shown 
to have cytotoxic effect on certain cell lines 
(1, 2, 8-10, 23, 24). The mechanism of cyto- 
toxic action of LT is not clear at present. It 
has been suggested that LT causes cell mem- 
brane damage (10, 15, 16). Loss of prelabeled 
plasma membrane proteins was observed in 
LT-treated target cells. This loss was general 
and did not involve any particular protein ( 18). 
Recently, Leopardi et al. ( 19) have shown that 
LT can induce changes in the arrangement of 
f-actin and cell configuration, but not in the 
total amount of f-actin. 

Studies on LT-treated cells showed increase 
in the RNA synthesis, plasma membrane pro- 
tein synthesis and RNA polymerase activity 
( 18, 20, 2 1). The increase in these parameters 
appears to be part of the repair process of the 
target cells in response to LT-induced mem- 
brane damage (1 8,22). Inhibition of target cell 
RNA synthesis or protein synthesis by acti- 
nomycin D or cycloheximide enhances the 
cytotoxicity of LT (1 5 ,  23). In this study, we 

TABLE 11. POTENTIATION EFFECT OF DRUGS ON CYTOTOXIC ACTIVITY OF LT AGAINST HUMAN TUMOR CELLS 
(HeLa, ME 1 80) 

Treatment 
LT (units/ml) required to kill 50% Potentiation 

of cell populations index 

ME1 80 cells 
Control 
Adriamycin (0.1 pg/ml) 
Cisplatin (0.6 pg/ml) 
Bleomycin (0.005 units/ml) 

Hela cells 
Control 
Adriamycin (0.6 pg/ml) 
Cisplatin (2 pg/ml) 
Bleomycin (0.24 units/ml) 

7 k 1' 
1.4k 0.1 
1.3-t 0.3 
2.4k 0.2 

623 -t157 
37 f 6 
27 k 6 

109 k 25 

- 
5 
5 
3 

17 
23 
6 

' Mean -t SD. 
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The potentiation of cytotoxic activity of LT, 
by elevated temperatures (40 and 42°C) was 
also observed on L-929 and ME180 cells. 
Similar potentiation was also seen when cells 
were exposed to LT, at the same time that 
drug or elevated temperature treatment was 
initiated (data not shown). 

The potentiating effect of cytotoxic activity 
of LT by drugs or elevated temperatures em- 
ployed in this study may be explained on the 
basis of inhibition of RNA and protein syn- 
thesis which in turn inhibits the repair mech- 
anism of target cells, resulting in increased cell 

a g, m,  kill by LT. The LT preparation used in these 
experiments was partially purified. However, 

FIG. 1. Potentiation effect of adriamycin on cytotoxic 
activity of LT against Hela cells. The target cells were 
treated with different concentrations of adriamycin (0.1 - 
0.6 pg/ml). Fixed amounts of LT at a concentration of 
125 units/ml were then applied. Percentage cytotoxicity 
was determined by using neutral red dye uptake assay. 

it is unlikely that other substances such as in- 
terferon and tumor necrosis factor (TNF) 
contributed substantially to this effect. Our 
preparation contained less than 10 units/ml 
of interferon y, which is far below the amount 
of interferon y (16,384 units/ml) shown to 

investigated the potentiating effect of widely 
used anti-cancer drugs (Adriamycin, cisplatin, 
and bleomycin) which are known to inhibit 
the synthesis of macromolecules, including 
DNA, RNA, and proteins. These drugs greatly 
potentiated the cytotoxic activity of LT against 
mouse transformed fibroblasts (L-929 cells) 
and two human carcinoma of the cervix (HeLa 
and ME180) cells. The potentiating effect of 
Adriamycin was found to be dose dependent. 

potentiate the effect of LT on HeLa cells (26). 
TNF is another cytotoxic protein, produced 
by monocytes and known to be present in 
PHA-stimulated mononuclear cell cultures 
(26). Both TNF and LT are indistinguishable 
in the in vitro assay. However, unlike LT, TNF 
did not bind to Con-A-Sepharose (27). Since 
Con-A-Sepharose was used for LT purifica- 
tion in this study, the presence of TNF in the 
LT preparations can be ruled out. 

Chemoimmunotherapy combining lym- 
phokines and chemotherapeutic drugs offers 

TABLE 111. POTENTIATION EFFECT OF ELEVATED TEMPERATURE ON CYTOTOXIC ACTIVITY 
OF LT AGAINST L-9 19 CELLS AND ME1 80 CELLS 

Treatment 
LT (units) required to kill 50% 

of cell population 
Potentiation 

index 

L-929 cells 
Control (37°C) 
Elevated temperature (40°C) 

Control (37°C) 
Elevated temperature (42°C) 

ME180 cells 

24.3 k 4a 
2.6 f 0.2 

6 ? I  
1.2 * 0.1 

- 
9 

- 
5 

Note. L-929 cells (1.5 X lo4 cells/well) and ME180 cells (3 X lo4 cells/well) were seeded on 96-well plates and 
incubated overnight at 37°C. The next day, L-929 cells and ME180 cells were incubated at elevated temperature, 40 
and 42"C, respectively (temperature at these elevated temperatures did not kill the cells after 4 hr). After 6 hr of 
incubation, the appropriate amount of LT was then added and incubated at elevated temperature for a further 24-28 
hr. The viability of the target cells and potentiation index were calculated as described under Materials and Methods. 

a Mean f SD. 
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TABLE IV 

[ 3H]Uridine 
[ 3H]Thymidine incorporation [ 3H]Leucine 

Treatment incorporation (cpm) (CPd incorporation (cpm) 

Control 37°C 20598 f 1632" ( 58326 f 5754 (100) 144029 f 23930 (100) 
42°C 4098k 756 (20) 17932 k 2429 (3 1) 84266 k 4034 (59) 

" Mean _+ SD. 
% of control. 

an attractive approach to cancer management. 
This study suggests that such an approach may 
be feasible. 
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