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ABSTRACT

Tumor necrosis factors (TNFs) are a class of cytokines secreted by
activated effector cells involved in host defense against tumor progression.
Epidermal growth factor (EGF) and recombinant human transforming
growth factor-Â«(rHuTGF-a) were shown to interfere with the in vitro
antiproliferative effects of recombinant human tumor necrosis factor-Â«
(rHuTNF-o) and -fi on a human cervical carcinoma cell line, ME-180.
The inhibitory effect could be observed at EGF or rHuTGF-ot concentra
tions of 100 pK/ml, and was maximal between 1 and 10 ng/ml. This
response was not due to down regulation of the TNF receptor or to
alteration of the affinity of TNF-a for its receptor. Since the antiprolif
erative effect of recombinant human interferon-7 was not significantly
affected by the presence of EGF or rHuTGF-a, the inhibition was specific
for recombinant TNFs and was not due solely to enhanced proliferation
induced by the growth factors. Neither growth factor had a substantial
protective effect on the synergistic cytotoxicity observed when tumor
cells were exposed simultaneously to rHuTNF-a and recombinant human
interferon-7. TGF-/J can also interfere with the antiproliferative effects
of rHuTNF-a in vitro. At concentrations of less than 1 ng/ml, TGF-/8
significantly antagonized the cytotoxic effects of rHuTNF-a on NIH 3T3
fibroblasts. Since EGF, platelet-derived growth factor, and TGF-/3 all
enhanced NIH 3T3 cell proliferation, but only TGF-0 interfered with
rHuTNF-a cytotoxicity, the protective effects of TGF-/S were not related
in a simple manner to enhanced cell proliferation. rHuTGF-a and TGF-
ÃŸdid not have a significant protective effect against rHuTNF-a-mediated
cytotoxicity on two other tumor cell lines, BI -211and L-929 cells. Based
upon these observations we suggest that growth factors might enhance
tumor growth in vivo by a combination of distinct mechanisms: (a) by
autocrine stimulation of tumor cell growth; and/or (h) by interfering with
normal effector mechanisms of host defense.

INTRODUCTION

Macrophages and natural killer cells are two effector cell
types that play an important role in irnmunosurveillance against
neoplastic growth in vivo (1-3). In vitro, cell-mediated cytotox
icity requires selective binding between activated macrophages
and target cells as well as the concomitant release of cytotoxic
factors (4-6). Some of the cytotoxic factors secreted by activated
macrophages include reactive oxygen species such as the super-
oxide aniÃ³nand hydrogen peroxide (7), arginase (8), interleukin
1 (9), and TNF2-a (10). Acquired resistance to the toxic effects

of these factors by tumor cells could be one mechanism which
leads to the onset of tumor formation in vivo.

The observation that TNF-a can act as a potent effector of
the macrophage-mediated antitumor response (10,11) provides
a rationale for its use in further studies on the regulation of
tumorigenesis in vivo and tumor cell growth /// vitro. The genes
encoding TNF-a and TNF-/3, a structurally related cytotoxic
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protein formerly known as lymphotoxin (12), have been cloned
and the corresponding proteins expressed in Escherichia coli
(13-15). These proteins display an array of biological activities,
including induction of hemorhagic necrosis of Meth A sarcomas
in vivo (13, 15-17), inhibition of the growth of certain tumor
cells in vitro (10, 18-24), synergistic enhancement of the ///
vitro antÂ¡cellular effects of IFN--y (18, 23, 25, 26), activation of

human polymorphonuclear neutrophil functions (27), and in
hibition of lipid biosynthesis (28). Recently, rHuTNF-a was
shown to augment the growth of normal diploid fibroblasts in
vitro (18, 29). The divergent proliferative responses in the
presence of rHuTNF-a are not, in general, related to variations
in the number of TNF binding sites per cell or their affinity for
ligand (18, 30, 31), and are reminiscent of the contrasting
growth properties of TGF-/3 on normal and transformed cells
in vitro (32, 33).

Growth factors have been reported to interact in both a
synergistic and an antagonistic manner. For example, TGF-a
and TGF-/S synergistically enhance the growth of NRK-49F
fibroblasts (34), whereas PDGF down regulates the number of
EGF receptors on 3T3 cells (35, 36). Since a variety of trans
formed cells secrete factors thought to stimulate growth by an
autocrine mechanism (37, 38), we examined whether the pres
ence of purified growth factors could alter the antiproliferative
effects of rHuTNF-a in vitro. It was observed that certain
growth factors can suppress the cytotoxic effects of rHuTNF-a
and -ÃŸon some tumor cell lines. Furthermore, we found that
the antagonistic effects of growth factors (a) may be independ
ent of their ability to stimulate cell proliferation and (/Â»)do not
occur by altering TNF-a receptor number or the affinity of
tumor cells for rHuTNF-a.

MATERIALS AND METHODS

Growth Factors and Cytokines. Murine EGF and human PDGF were
purchased from Collaborative Research (Lexington, MA). Porcine
TGF-/J was purchased from R and D Systems, Inc. (Minneapolis, MN).
Human TGF-/3 was kindly provided by Dr. Michael B. Sporn (Labo
ratory for Chemoprevention, National Cancer Institute) and Dr. Harold
L. Moses (Vanderbilt University, Nashville, TN). rHuTNF-a (13) and
-ÃŸ(15), rHuTGF-a (39), and rHuIFN-7 (40) were produced in Esche
richia coli and purified to homogeneity at Genentech, Inc. (South San
Francisco, CA). The specific activity of the rHuIFN-7 was 4.0 x IO7
units/mg. The antiviral activity in rUuII-'N- -j samples was determined

by measuring inhibition of the cytopathic effect of encephalomyocar-
ditis virus on AS49 lung carcinoma cells with respect to a standard (lot
E9038A; Genentech Standard; based upon NIH IFN-7 reference stand
ard Gg 23-901-530). The specific activity of rHuTNF-a and -ÃŸwas 5.0
x IO7 units/mg and 4.9 x IO7 units/mg, respectively. The activity of
rTNFs is based on their cytotoxicity toward murine L-M fibroblasts in
the presence of actinomycin D (41). One unit of TNF is defined as the
reciprocal of the test dilution resulting in 50% cytotoxicity.

Cell Lines and Materials. ME-180 human cervical epidennoid car
cinoma cells (HTB33), BT-20 human breast carcinoma cells (HTB19),
and L-929 murine fibroblasts (CCL1) were purchased from the Amer
ican Type Culture Collection (Rockville, MD). NIH 3T3 murine fibro
blasts were kindly provided by Dr. Michael Wigler (Cold Spring Harbor
Laboratory, Cold Spring I labor. NY). The murine UV 1591-RE fibro-
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sarcoma, clone 24T2.A, was provided by Dr. Hans Schreiber (Univer
sity of Chicago, Chicago, IL). Media (minimal essential medium,
McCoy's 5A, and DMEM and Ham's F12), calf serum, penicillin G,

streptomycin sulfate, nonessential amino acids, L-glutamine, sodium
pyruvate solution, and trypsin were purchased from Grand Island
Biochemical Company (Grand Island, NY). Fetal bovine serum was
purchased from Armour Pharmaceutical (Kankakee, IL).

Tumor cells were maintained in culture using the following media:
ME-180, McCoy's SA supplemented with 10% (v/v) heat-inactivated
(56'C; 40 min) FBS plus SO units/ml penicillin G and SO Mg/ml

streptomycin sulfate; BT-20 and L-929, minimal essential medium
supplemented with 10% (v/v) heat-inactivated FBS plus 100 nM non-
essential amino acids, 2 imi L-glutamine, 1 nisi sodium pyruvate, and
antibiotics; UV1591-RE (clone 24T2.A), DMEM:F12 (l:l;v/v) supple
mented with 10% (v/v) heat-inactivated FBS plus antibiotics; NIH 3T3,
DMEM supplemented with 10% calf serum plus 2 HIML-glutamine,
and antibiotics. All cell lines were routinely screened and found free of
Mycoplasma infection.

Cell Proliferation Assay. Cell lines were maintained in culture in
complete medium at 37Â°Cin a 5% COj-humidified air incubator. For

assays with combinations of cytokines and growth factors, cultures were
washed, detached using 0.25% (v/v) trypsin, and resuspended in com
plete medium at a density of 5 x IO4cells/ml. One hundred-Â»*!aliquots
were dispensed into 96-well microtiter plates and the cells were then
allowed to adhere. This results in a sparsely seeded population of cells.
The media were replaced with media containing different concentra
tions of growth factors. Cells were incubated for 4 h, then increasing
concentrations of rHuTNF-a, rHuTNF-0, or rHuIFN-7 were added to
a final volume of 200 ^1.The cells were incubated for 72 h and analyzed
for relative cell proliferation by either crystal violet staining or [3H]-
thymidine uptake. BT-20, L-929, ME-180, and NIH 3T3 cells were
washed 3 times, fixed, and stained with 20% (v/v) methanol containing
0.5% (w/v) crystal violet. Bound dye was eluted with 150 n\ of Soren-
son's citrate buffer [0.1 M sodium citrate, pH 4.2-50% (v/v) ethanol]

for 30 min at room temperature. The absorbance was measured at 540
nm using a Titertek Multiscan MC microtiter plate spectrophotometer
from Flow Laboratories (McLean, VA). Relative cell proliferation
(AGP) was calculated (Figs. 1-3) as follows

RCP
[mean absorbance (drug treated)

mean absorbance (non-drug treated)]

For Fig. 4, RCP was calculated as described above except that control
wells also contained growth factor.

Changes in the proliferation of 24T2.A fibroblasts were determined
using a standard [3H]thymidine uptake assay. After 72 h of incubation
with various growth factors and rHuTNF-a, tumor cells were treated
with 1 /id of [3H]thymidine (specific activity, 82.3 Ci/mmol; New
England Nuclear, Boston, MA) for an additional 4 h at 37*C. Cells

were then harvested using an automated cell harvester (Cambridge
Technology, Inc., Cambridge, MA). Radiolabeled DNA was fixed to
glass fiber filter strips (Whittaker M. A. Bioproducts, Walkersville,
MD). Samples were counted by liquid scintillation for thymidine incor
poration. Relative cell proliferation represents the ratio (in cpm) of
drug-treated versus non-drug treated (control) 24T2.A cells.

Receptor Binding Assays. rHuTNF-a was radiolabeled by the iodogen
method as described elsewhere (42). Free iodide was removed by filtra
tion with Sephadex G-25 followed by Mono Q-column chromatogra-
phy. For the rHuTNF-a/growth factor competition binding assays,
ME-180 cells were cultured in 12-well plates (Costar) at a density of 2
x IO9cells/well in 2 ml McCoy's 5A medium supplemented with 10%

(v/v) heat-inactivated FBS and allowed to adhere overnight. The cells
were then washed with fresh media and incubated at 37'C for 2 h with
2 x 10* cpm '"I-labeled rHuTNF-a (800 ^Ci/nmol) plus (a) media
alone, (Â¿>)17 ng/ml rHuTNF-a (a 100-fold excess), (c) 100 ng/ml
murine EGF, or (rf) 100 ng/ml rHuTGF-a. After incubation, cells were
washed 3 times with cold medium (4Â°('), solubili/ed with 1 ml of 2%

(w/v) sodium dodecyl sulfate, and counted to determine bound radio
activity.

TNF-receptor binding kinetics was done using cells preincubated
with growth factors as above except for the following changes. Con

fluent monolayers of ME-180 cells were incubated overnight in the
presence or absence of 1 ng/ml rHuTGF-a, washed twice with media,
and incubated with 2x10' cpm of radiolabeled rHuTNF-a and various
concentrations of unlabeled rHuTNF-a at 37'C for 2 h. Bound radio

activity was counted as above. Data were corrected for nonspecific
binding in the presence of a 100-fold excess of unlabeled rHuTNF-a.

RESULTS

Effects of Growth Factors on TNF Cytotoxicity. A human
cervical carcinoma cell line, ME-180, was chosen for initial
studies because it is sensitive to the cytostatic effects of either
rHuTNF-a or rHuIFN-7 alone, and shows synergistic antipro-
liferative response in the presence of both cytokines (18).
Growth factors used in combination with rHuTNF-a were
murine EGF, human PDGF, rHuTGF-a, and human TGF-/3.
The antiproliferative effect of rHuTNF-a on ME-180 cells was
reduced in the presence of 0.1 to 100 ng/ml EGF or rHuTGF-
n in a dose-dependent manner (Fig. 1). Maximum protection
was observed with 1 to 10 ng/ml rHuTGF-a or EGF. EGF and
rHuTGF-a by themselves had a stimulatory effect on ME-180
cell growth. Both of these growth factors had a similar effect
on rHuTNF-/3-mediated tumor cell cytostatis (Table 1). EGF
protection of ME-180 cells from the antiproliferative effects of
rHuTNF-/3 was not surprising since rHuTNF-a and -ÃŸhave
been shown to compete for the same cellular receptor (42), and
rHuTNF-a-resistant UV1591-RE fibrosarcoma cell lines are
also resistant to rHuTNF-/3 mediated cytotoxicity (10). Cotreat-
ment with PDGF (1 to 10 ng/ml) or TGF-/3 (2.5 to 20 ng/ml)
did not result in an inhibitory effect on tumor cell cytostasis by
rHuTNF-a (Table 1). Nevertheless, it is evident that EGF and
rHuTGF-a both stimulate ME-180 cell growth and antagonize
the antiproliferative effects of rHuTNF-a on tumor cell growth.

In order to test whether the protective effects of growth
factors were due to a simple antagonism between growth en
hancement by the growth factor and growth inhibition by
rHuTNF-a, we conducted further experiments with the murine
NIH 3T3 cell line, which responds to a wide variety of growth
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Fig. l. Effect of epidermal growth factor and recombinant transforming
growth factor-a on tumor cell proliferation in the presence of rHuTNF-a, with
changes in the relative proliferation of ME-180 carcinoma cells in the presence
of various concentrations of EGF (left) or rHuTGF-a (right) and (O) no rHuTNF-
Â«,(â€¢)50 units/ml ri lu I M ... (A) 500 units/ml rHuTNF-a, and (â€¢)5000 units/
ml rHuTNF-a. ME-180 cells were seeded in 96-well microtiter plates in McCoy's

5A medium with 10% FBS and antibiotics. After 4 h of incubation with growth
factors, rHuTNF-a was added at various concentrations. Points, average of 4
determinations (coefficient of variance was less than 10%). Cells were incubated
at 37'C for 72 hours. Fixing, staining, and quantitation of relative cell prolifera
tion was performed as described in the "Materials and Methods."
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Table 1 Effects of growth factors on the antiproliferative effects ofTNFs on tumor cell proliferation in vitro

GrowthfactorsCell

lineType3T3

EGFFibroblast
growthfactorInsulinPDGFTGF-/3L929

EGFInsulinPDGFTGF-0ME-180

EGFrHuTGF-aEGFInsulinPDGFrHuTGF-aTGF-/3BT-20

EGFInsulin24T2.A

EGFFibroblast
growthfactorPDGFTGF-/JMaximum

stimulatory
effect4(%)+30(10ng/ml)+30

(10ng/ml)+40

(5Mg/ml)+40
(25ng/ml)+25
(10ng/ml)+30(1

ng/ml)+40
(5Mg/ml)+30
(25ng/ml)+10
(1ng/ml)+25

(1ng/ml)+20
(5ng/ml)+40(1

ng/ml)0
(50Mg/ml)+5
(1ng/ml)+20(1

ng/ml)0
(10ng/ml)+10(0.1

ng/ml)0
(50Mg/ml)+35

(10ng/ml)+15(1
ng/ml)+35

(1ng/ml)+10
(1 ng/ml)Tumor

necrosisfactorsType*oraaaaaaaaÃŸÃŸaaaaaaaaaaaMaximum

inhibitory
effect'(%)-95

(1000units/ml)-95-95-95-95-95

(100units/ml)-95-95-95-65

(500units/ml)-65-70

(500units/ml)-75-75-70-75-70

(500units/ml)-70-60

(10units/ml)-60-60-60Combination

of
growth factor
andTNF'(%)-95

(NE)'-85
(+10)-70

(+25)-95
(NE)-15
(+80)-95

(NE)-95
(NE)-95
(NE)-85
(+10)-30

(+35)-10
(+55)-10
(+65)-75
(NE)-75
(NE)-15
(+55)-75
(NE)-55

(+15)-70
(NE)-50

(+10)-50
(+10)-50

(+10)-15
(+45)

* The maximum stimulatory effect of growth factors (concentration of growth factor) on cell proliferation compared to untreated control cells after treatment for
72 h. Changes in cell proliferation were determined by crystal violet staining as described in "Materials and Methods." 24T2.A cell proliferation was measured using
a ['Hjthymidine uptake assay. Data are expressed as the average of 6 determinations (coefficient of variance <1 ()'",').

* TNF type: a, rHuTNF-a (cachedin); 0, rHuTNF-0 (lymphotoxin).
' The maximum antiproliferative effect (concentration of TNF) compared to untreated control cells after treatment with rlluTM â€žor -0 for 72 h. Changes in cell

proliferation were measured as described in "Materials and Methods." Data are expressed as the average of 6 determinations (coefficient of variance <10%).
J Change in cell proliferation at the concentration of growth factor which had a maximum stimulatory effect and the concentration of rHuTNF-a or -ÃŸwhich had

a maximum inhibitory effect. Expressed as the change in relative cell proliferation with respect to untreated control cells (the increase in cell proliferation compared
to cells treated with rHuTNF-a or -ft alone). Data are expressed as the average of 6 determinations (coefficient of variance <10%).

' NE, no effect. Relative cell proliferation was equivalent to the change of cell proliferation in the presence of rHuTNF-a and in the absence of any growth factor.

factors and is growth-inhibited by rHuTNF-a. Even though
EGF enhanced the growth of NIH 3T3 fibroblasts in vitro, it
had no protective effect on the rHuTNF-a-mediated cytotoxic
response (Fig. 2). Treatment of 3T3 cells with PDGF also
resulted in an increase in cell proliferation without inhibiting
the antiproliferative response of rHuTNF-a. Similar to EGF
and PDGF, TGF-0 had a proliferative effect on 3T3 cells.
However, TGF-/3 at concentrations from 1 to 10 ng/ml antag-
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Fig. 2. Effect of platelet-derived growth factor, epidermal growth factor, and
transforming growth factor >>'on tumor cell proliferation in the presence of
rHuTNF-a, with changes in the relative proliferation of NIH 3T3 fibroblasts in
the presence of various concentrations of PDGF (left), EGF (middle), or TGF-0
(riKht) and (O) no rHuTNF-a, (â€¢)10 units/ml rHuTNF-a, (A) 100 units/ml
rHuTNF-a, and (â€¢)1000 units/ml rHuTNF-a. NIH 3T3 cells were seeded in 96-
well mirroti ter plates in Dulbecco's modified Eagle's medium with 10% calf

serum plus 2 mMi ululammo and antibiotics. After 4 h of incubation with growth
factors, rHuTNF-a was added at various concentrations. NIH 3T3 cells were
incubated an additional 72 h at 37'C. Points, average of 6 determinations

(coefficient of variance was less than 15%). Fixing, staining, and determination
of relative cell proliferation was performed as described in "Materials and Meth
ods."

onized the antiproliferative effects of rHuTNF-a (Fig. 2). Treat
ment of NIH 3T3 cells with either fibroblast growth factor (1
to 10 ng/ml) or insulin (50(1ng/ml to SOMg/ml)resulted in a
slight antagonistic effect on the rHuTNF-a-mediated cytostat ic
response (Table 1). The requirement for supraphysiological
concentrations of insulin suggests that cross-reactive binding of
insulin to the IGF-I receptor was responsible for its limited
antagonistic effects (43). Thus, depending upon the susceptible
tumor cell target, different growth factors can interfere with the
antiproliferative effects of rHuTNF-a.

Three additional tumor cell lines sensitive to rHuTNF-a were
screened to see if the addition of exogenous growth factors
could antagonize the rHuTNF-a induced antiproliferative re
sponse. Even though some growth factors had a slight prolif
erative effect on L929 (murine fibroblasts) and BT-20 (human
breast carcinoma) cells, none of the growth factors tested sup
pressed rHuTNF-a-mediated cytostasis (Table 1). TGF-/3, at
concentrations from 0.1 to 10 ng/ml, enhanced the growth of
UV1S91-RE (clone 24T2.A) cells and had a slight protective
effect against the antiproliferative effects of rHuTNF-a. Other
growth factors augmented 24T2.A proliferation but did not
interfere with rHuTNF-a-induced cytostasis (Table 1). There
fore, although growth factors such as TGF-a and -ÃŸcan inter
fere with the antiproliferative effects of rHuTNF-a on certain
tumor cell lines (Figs. 1 and 2), there are other TNF-sensitive
cell types (e.g., BT-20 and L929) for which the addition of
exogenous growth factors does not antagonize the cytolytic or
cytostatic effects of rHuTNF-a.

Effects of rHuIFN-7-mediated Cytotoxicity by EGF and
rHuTGF-a. The suppressive effect of a product from activated
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murine suppressor T-cells, soluble immune response suppres
sor, on antibody secretion by B-lymphocytes is also inhibited
by murine EGF (44). To determine if EGF and rHuTGF-a
could inhibit the antiproliferative effect of other immunomod-
ulatory proteins, we examined whether these growth factors
could interfere with the antiproliferative effects of rHuIFN-7
on ME-180 cell growth in vitro. Unlike rHuTNF-a-mediated
cytostasis, EGF and rHuTGF-a had a minimal effect on tumor
cell cytostasis induced by rHuIFN-7 (Fig. 3). At concentrations
of EGF or rHuTGF-a ranging from 0.1 to 10 ng/ml, the
maximum increase in relative ME-180 cell proliferation in the
presence of rHuTNF-a was 5 to 15 percent. These data imply
that rHuIFN-7 and rHuTNF-a inhibit the proliferation of ME-
180 cells by different mechanisms.

Growth Factor Effects on the Enhanced Antiproliferative Re
sponse with rHuTNF-a and rHuIFN-7. Coirea(meni of ME-
180 cells with rHuIFN-7 and rHuTNF-a results in an aug
mented antiproliferative response (18). Since EGF and
rHuTGF-a can induce a TNF-resistant phenotype in ME-180
carcinoma cells, it was of interest to examine whether the
enhanced cytostatic effects of rHuTNF-a and rHuIFN-7 in
combination could also be inhibited. ME-180 cells were treated
in vitro with either 10 ng/ml EGF, 10 ng/ml rHuTGF-a, or
media alone for 4 h prior to the addition of various amounts of
rHuTNF-a and/or rHu!FN--y. In this assay, changes in relative
cell proliferation reflect differences between cells treated with
growth factors alone versuscells treated with growth factors in
the presence of combinations of cytokines. The results depicted
in Fig. 4 indicate that treatment of ME-180 cells with either
EGF or rHuTGF-a does not block the enhanced antiprolifera
tive response in the presence of rHuTNF-a and rHuIFN-7.

Changes in TNF Receptor Binding by EGF and rHuTGF-a.
Preincubation of either Swiss 3T3 cells or human foreskin
fibroblasts with PDGF was shown to decrease the binding of
iodinated EGF to its receptor (35, 36). It is possible that EGF
and rHuTGF-a might interfere with the antiproliferative effects
of rHuTNF-a on ME-180 cells by an analogous mechanism.
This was examined in 2 ways. To begin with, we determined
whether EGF and rHuTGF-a compete with rHuTNF-a for
binding to the same cellular receptor. Total binding of I25I-
labeled rHuTNF-a to ME-180 cells could be inhibited with
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Fig. 3. Proliferative response of tumor cells in the presence of rHuIFN--y and

growth factors, with changes in the relative proliferation of ME-180 carcinoma
cells in the presence of various concentrations of EGF (left) or rHuTGF-a (right)
and (O) no rHuIFN->, (â€¢)50 units/ml rHuIFN-y, (A) 500 units/ml rHuIFN-7,
and (â€¢)5000 units/ml rl lull- N -,. Points, average of 4 determinations (coefficient
of variance was less than 10%).

unlabeled rHuTNF-a but not by EGF or rHuTGF-a (Fig. 5).
This demonstrates that EGF and rHuTGF-a do not act by
blocking rHuTNF-a binding. Another mechanism by which
EGF/rHuTGF-Â«could interfere with rHuTNF-a activity is by
either down regulating TNF receptor number or changing the
affinity of the TNF receptor for ligand. The data presented in
Fig. 6 indicate that there was no pronounced difference between
the affinity of rHuTNF-a for binding to ME-180 cells, whether
or not they were pretreated with rHuTGF-a. Furthermore,
tumor cells preexposed to rHuTGF-a appear to have an equiv
alent number of rHuTNF-a binding sites when compared to
untreated cells (approximately 3000) (Fig. 6). Therefore, EGF
and rHuTGF-a do not interfere with the antiproliferative effects
of rHuTNF-a by blocking rHuTNF-a binding, by altering the
affinity of rHuTNF-a for its receptor, or by reducing the
number of TNF binding sites per cell.

DISCUSSION

The reason why TNF-a has antiproliferative effects on only
40% of the tumor cell lines examined is unclear (18, 22). Some
cell lines appear to be resistant because of a decrease in the
number of TNF-a binding sites on their surface (30, 45, 46).
Because most cell types have a similar number of high-affinity
binding sites for TNF-a (18,30,31), it is unlikely that alteration
of receptor number or ligand affinity is a prevalent mechanism
of resistance to the cytolytic or cytostatic effects of TNF-a.
Additional mechanisms of resistance to TNF-a must therefore
be used by malignant cell lines. Another receptor-associated
defect that could be responsible for resistance to TNF might be
an inability to transduce a cellular signal which occurs subse
quent to the binding of TNF-a (or -/3)to its receptor. Altered
signal transduction has been observed for both the insulin
receptor in insulin-resistant obese mice (47) and the EGF
receptor in senescent human fibroblasts (48). However, until
the TNF-a receptor is further characterized, we cannot deter
mine whether this sort of defect occurs among TNF-resistant
tumor cells.

The data presented in this study demonstrate that certain
growth factors can inhibit the antiproliferative effects of
rHuTNF-a on some transformed cell lines in vitro. This result
is important because many transformed cell types are known to
produce TGF-a (49-51) and -0 (52-55). Since EGF, PDGF,
and TGF-/3all augment NIH 3T3 cell growth, but neither EGF
or PDGF interfere with the cytotoxic effects of rHuTNF-a (Fig.
2), then the protective effect(s) of TGF-/3are not simply due to
enhanced cell proliferation. Recent evidence also suggests that
the proliferative effects of TGF-/3are indirect and are due to de
novo synthesis of a PDGF-related protein (56). The protective
effect of TGF-/3 on NIH 3T3 fibroblasts is not apparently
mediated by induction of PDGF because PDGF does not inter
fere with the antiproliferative effects of rHuTNF-a on this cell
line (Fig. 2). These results imply that production of growth
factors by certain tumor cells might account for their TNF-a
resistant phenotype in vitro. Since addition of exogenous
growth factors to TNF-sensitive tumor cell targets does not
always elicit a TNF-resistant phenotype in vitro (Table 1), it is
not clear whether production of growth factors by tumor cells
is a general mechanism which can account for the TNF-resistant
phenotype of many tumor cell lines. We are attempting to
confirm this hypothesis by using antibodies to TGF-a to see if
they can convert TNF-resistant tumor cells to a TNF-sensitive
phenotype.

Our data also demonstrate that EGF and rHuTGF-o do not
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Fig. 4. Response of tumor cells to treatment in vitro with rHuTNF-a and rH u11â€¢N -. in the presence or absence of growth factors ((//), with changes in the relative

proliferation of ME-180 cells in the presence of no exogenous growth factors (left), 10 ng/ml EGF (middle), or 10 ng/ml rHuTGF-a (rixht) and various doses of
either cytokine alone or with the 1 cytokines in combination. O, rHuTNF-a only; â€¢,rHuIFNo- only; D, rHuIFN-f [50 units (i/)/ml) plus increasing doses of
rHuTNF-a; A, rl lull A -, (500 units/ml) plus increasing doses of rHuTNF-a; (A) rl lull N -, (5000 units/ml) plus increasing doses of rHuTNF-a. ME-180 carcinoma
cells were seeded in 96-well microtiter plates. Cells were allowed to adhere overnight, and the media were replaced with media containing EGF, rHuTGF-a, or no
growth factor. Cells were incubated for 4 h, then various doses of rHuTNF-a and/or rHu!FN--y were added. Relative cell proliferation was determined as described
in "Materials and Methods" (i.e., note the difference in the way that relative cell proliferation was determined for Fig. 4 versus Figs. 1, Ã•,and 3). Points, represents

the average of 6 determinations (coefficient of variance was less than 10%).
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Fig. 5. Competition of 125I-labeled rHuTNF-a with rHuTNF-a, EGF, and
rHuTGF-a for binding to ME-180 carcinoma cells. Cells were incubated with
iodinated rHuTNF-a plus media alone (D)<or a 100 fold M excess nf unlabeled
rHuTNF-a <â€¢).rHuTGF-a (O). or EGF (D). ME-180 cells cultured in 12-well
plates were incubated at 37'C for 2 h. ' -"I labeled rHuTNF-a was added to media

alone (control), 17 ng/ml rHuTNF-a (8500 units/ml), 100 ng/ml EGF, or 100
ng/ml rl Iu l'( il- ii. After incubation, cells were washed, solubilized, and counted

to determine bound radioactivity. A complete description of the assay is outlined
in "Materials and Methods." Kim. SD.

antagonize the antiproliferative effects of rHuIFN--y alone (Fig.
3) or the enhanced antiproliferative effects using combinations
of rHuIFN-7 and rHuTNF-a (Fig. 4). Even at concentrations
of EGF or rHuTGF-a which had a maximal stimulatory effect
on ME-180 proliferation (1 to 10 ng/ml), these growth factors
had no substantial protective effect on rHuIFN-7-mediated
cytostasis.

Tumor cell variants arising from subpopulations refractory
to host defense systems confer a selective growth advantage to
the tumor and can represent an initial step in the metastasis of
primary tumors (57,58). Resistance of neoplastic cells to killing
by macrophages and natural cytotoxic cells, processes in which
TNF-a-mediated cytotoxicity plays a critical role (10, 11, 59),

1400

1200 -

1000 -

800 -
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0.001 001 01 I

[TNF],nM
100

Fig. 6. Effects of growth factors on rHuTNF-a binding to tumor cells. Com
petition of '"I-labeled rHuTNF-a with unlabeled rHuTNF-a preincubaled in the
presence (A) or absence (O) of rHuTGF-cr. Inset, Scatchard plot analysis of 125I-
labeled rHuTNF-a binding to ME-180 cells under these conditions. Briefly,
confluent monolayers of ME-180 cells were incubated overnight in the presence
or absence of 100 ng/ml rHuTGF-a, washed, and incubated with '"I-labeled
rl lu I Nl ,, and various concentrations of unlabeled rHuTNF-o (A/, 17.1). Bound
radioactivity was counted as described in "Materials and Methods."

represents one mechanism that may lead to enhanced growth
of tumors in vivo (1, 3). Evidence presented in this report
suggests that TGF-a and -ÃŸmay accelerate tumor progression
by circumventing normal TNF-a-mediated host defenses in
addition to enhancing proliferation by an autocrine mechanism
(37, 38, 60). That neither EGF nor rHuTGF-a interfere with
rHuTNF-a binding to ME-180 carcinoma cells implies that
their inhibitory effects are mediated by a common intracellular
event elicited after EGF or TGF-Â«bind to the EGF receptor,
such as activation of the receptor-associated tyrosine kinase
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(61,62). Therefore, we postulate that tumor cells whose growth
is regulated by an altered growth factor receptor, such as the
erb-B oncogene product (63, 64), which results in constitutive
activation of receptor function in the absence of bound ligand
(64), might also result in increased resistance to TNF-a-medi-
ated host defense systems. There are other possible mechanisms
by which growth factors could interfere with host defense.
Observations by Rook et al. (65), showing that TGF-/3 reduces
natural killer cell cytolytic activity in vitro, suggest that growth
factors can interfere with tumor cell killing by suppressing the
functions of effector cells.

Our observation of antagonism in vitro between the growth
inhibitory effects of rHuTNF-a and proliferation induced by
EGF, rHuTGF-a, or TGF-0 is an important addition to pre
vious reports of positive and negative interactions between
cytokines and growth factors (18, 29, 44, 66). These observa
tions suggest that: (a) IFN-7 and TNF-a (or -ÃŸ)inhibit tumor
cell growth by distinct mechanisms; (b) the protective effects of
certain growth factors on tumor cell killing is specific for TNFs;
(c) protection is not an effect due simply to proliferation in
duced by growth factors; (d) protection from the antiprolifera-
tive effects of TNFs by growth factors is specific for certain cell
lines and growth factors; (e) TGF-a-induced protection does
not involve changes in the number or affinity of TNF receptors;
and, (J) induced resistance by EGF/TGF-a to TNF-a-induced
cytostasis can be overcome by combination with IFN-7. It will
be important to identify the intracellular mediators of TNF-a
and growth factor action that result in their opposing effects
on tumor cell growth.
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