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SUMMARY

Tumour necrosis factor-alpha (TNF-oo) stimulated invasion by mouse T-cell hybridomas and
cytotoxic T-lymphocyte clones into rat embryo fibroblast monolayers. The effect on these highly
invasive cells was limited: invasion was stimulated maximally to 130% of controls. However, when
cells were pretreated with pertussis toxin (PT), which inhibits invasion to + 20% of controls, a clear-
cut effect was observed: 400 U TNF-x per ml stimulated invasion usually two- to threefold, and
sometimes even up to I 0-fold. Therefore, experiments were done with PT-pretreated cells.
Stimulation was dose dependent and maximal at 200-400 U TNF-cx per ml. An anti-TNF-a
monoclonal antibody completely abolished TNF-x-induced invasion. The effect was maximal 30 min
after addition of cells and TNF-a to the monolayer and then declined. TNF-a preincubation of T-cell
hybridoma cells, but not of fibroblasts, had a similar stimulatory effect, which was also maximal after
30 min. This shows that TNF-x acts directly on the T-cell hybridoma cells. Invasive T-cell
hybridomas colonize many tissues from the blood similarly as normal T cells. Our data thus suggest
that TNF-o can stimulate migration of normal T lymphocytes into inflamed tissues and can promote
metastasis of malignant T lymphomas. The signals involved are transmitted via a pertussis toxin-
insensitive pathway.

INTRODUCTION

T lymphocytes invade inflamed tissues in order to participate in
immune responses. ' In addition, T cells recirculate continuously
between blood and lymphoid tissues,2 and memory T lympho-
cytes migrate from the blood into non-inflamed, healthy
tissues.3 Haematopoietic tumour cells can be considered immor-
talized leukocytes, and the ability of some of these tumour types
to metastasize may be ascribed to the invasive potential of the
type of leucocyte they arose from. This notion is supported by
the finding that T-cell hybridomas, prepared by fusion of a non-
invasive, non-metastatic T lymphoma with invasive, activated
normal T lymphocytes are invasive in vitro and metastatic in
Vwio.4 6 This suggests that invasiveness is a prerequisite for
colonization of tissues from the blood, a process similar to
extravasation of normal T cells. Elucidation of the mechanisms
involved in invasion by T-cell hybridomas will thus provide
insight both in the migratory behaviour of normal T lympho-
cytes and in the metastatic properties of malignant T lympho-
mas.

Abbreviations: CTL, cytotoxic T lymphocyte; PT, pertussis toxin;
REF, rat embryo fibroblast; TNF-a, tumour necrosis factor-alpha.

Correspondence: Dr E. Roos, Division of Cell Biology, The
Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam,
The Netherlands.

Previously, we have shown that invasiveness of T-cell
hybridomas in vitro and metastasis formation in vivo was
strongly inhibited by pertussis toxin (PT).7 Because PT irreversi-
bly inactivates certain G proteins,8 this implied that a G protein
is involved which transmits an invasion-enhancing signal over
the plasma membrane. This extracellular ligand could be a
cytokine produced by the T-cell hybridoma cells themselves.

Tumour necrosis factor-alpha (TNF-a), is a candidate for
the following reasons: first, because activated T lymphocytes
produce TNF-a9"' and express high affinity TNF-o binding
sites,"1'12 second, because a PT-sensitive G protein can be
involved in TNF-ot signal transmission,'3 1' and finally, because
TNF-cx can influence leucocyte migration.'6 7 This is thought to
be due to its chemotactic/chemokinetic activity'8 20 and to its
effect on adhesiveness of endothelial cells and fibroblasts.2' 24

Here we report that TNF-ax stimulates invasion by mouse T-
cell hybridomas and cytotoxic T-lymphocyte (CTL) clones into
rat embryo fibroblast (REF) monolayers in vitro. This was,
however, PT insensitive. In fact, the effect of TNF-a was more
pronounced when invasion had been reduced by PT-pretreat-
ment of T-cell hybridoma cells. This shows that TNF-a is not the
PT-sensitive autocrine invasion-enhancing factor and that
TNF-ax does not transmit its signal via a PT-sensitive pathway.
Furthermore, these results indicate that TNF-a may enhance T-
cell influx in inflamed tissues and metastasis formation by
malignant T lymphomas by enhancing their invasive potential.
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MATERIALS AND METHODS

Cells and culture conditions
T-cell hybridomas have been prepared by fusion of BW5147 T-
lymphoma cells with allo-antigen stimulated T lymphocytes and
with unstimulated T-cell-enriched spleen cells. They were

cultured in Hybridoma medium.4 Each cell line was cloned at
least once by limiting dilution. Invasive and metastatic proper-

ties were routinely assayed and have been stable for several
years.4'5

Mouse cytotoxic T-cell clones, CTL 23.21 and CTL 16N,
were kindly donated by Dr H. Prahl (F. Hoffman-La Roche,
Basel, Switzerland). They were isolated from spleens of AKR
mice immunized with BIOBR spleen cells.25 Cells were cultured
in Hybridoma medium4 in the presence of irradiated B1OBR
spleen cells as stimulator cells and 12-5% Concanavalin A (Con
A) supernatant as interleukin-2 (IL-2) source. Con A super-

natant was derived from a 2-day culture of 5 x 106/ml rat spleen
cells with 2 uig/ml Con A type IV (Sigma, St Louis, MO). CTL
clones were restimulated every 2-3 weeks.

All lines used were mycoplasma free, as shown by regular
screening using a Mycoplasma rapid detection system (Gen-
Probe Inc., San Diego, CA).

Reagents
Mouse recombinant TNF-x (4 x 107 U/mg) was obtained from
Genzyme (Boston, MA). lodinated mouse recombinant TNF-o
(specific activity 45-6 x I03 c.p.m./pg) and anti-TNF-oc mono-

clonal antibody, 1F3F3, were kindly donated by Dr P. De
Baetselier (Free University, Sint Genesius-Rode, Belgium). A
1:106 dilution of 1 F3F3 neutralizes the cytotoxicity of 1 U TNF-
i for L929 cells. Pertussis toxin (List Biol. Lab., Campbell, CA)
was dissolved in 0 1 M sodium phosphate, 0-5 M NaCl, pH 7.
Cells (I 06/ml) were incubated with 200 ng PT/ml in Hybridoma
medium4 for 2-3 hr at 37 and 50% CO2. washed free of toxin and
then used for invasion assays.

Invasion assays

Invasiveness in REF monolayers was determined as described
previously.5 Briefly, cells, 2-5 x 106 in Earle's balanced salt
solution containing 20 mM HEPES, 0-9 mM CaCI2 and I mM
MgCl2 with or without cytokine and/or monoclonal antibody,
were added to confluent REF monolayers in 10 cm2 wells and
incubated at 37' and 5%0 CO2. Non-infiltrated cells were then
removed by repeated washing and the monolayers were fixed.
Infiltrated cells, visible as dark and flattened cells in the phase-
contrast microscope, were counted in 10 randomly distributed
fields of 0-27 mm'. From this, the number of infiltrated cells per
well was calculated and invasion was expressed as percentage of
added cells.

In some experiments invasion was quantitated using 5'Cr-
labelled cells. Cells were labelled with 51Cr,7 and used for invasion
assays as described above, except that 1 3 x 105 labelled cells
were used per 2 cm2 well. Cultures were washed, lysed with 1 N

NaOH and radioactivity was counted. Invasion was expressed
as the percentage of label associated with the monolayer. This
was feasible because most adherent cells can be washed off the
fibroblasts,2627 so that radioactivity is largely derived from
invaded cells. With this method, the background is higher, but
the TNF-ax effects seen were similar (Table I and data not
shown).

TNF-o binding
5 x 105 T-cell hybridoma cells per well, in V-bottom microtitre
plates (Greiner, Nirtingen, Germany), were incubated with 10
ng/ml '25I-TNF-a in phosphate-buffered saline containing 0 9
mM CaCI2, I mM MgCI2 and 0 1% BSA for 30 min at 4°, washed
in the same, ice-cold buffer, transferred to vials and counted.
Non-specific binding was determined in the presence of 200 ng/
ml unlabelled TNF-a and was less than 10%.

RESULTS

TNF-a effect on invasion is PT insensitive and transient

The invasive T-cell hybridoma TAM2D2.2.6 was used to
analyse the effect of TNF-ox on invasion of rat embryo fibroblast
(REF) monolayers. TAM2D2.2.6 is a clone from the previously
described T-cell hybridoma TAM2D2.2.45 TNF-x increased
invasion in a dose-dependent manner when it was present
during the invasion assay [Fig. 1 (f)]. In this experiment TNF-a
stimulated invasion to 127% of the control. In a large number of
similar experiments we found that TNF-a enhanced invasion,
but this effect was not always as clear. This might be due to the
high level of invasiveness of these cells, which can possibly not
be stimulated much further.

We had previously shown that pertussis toxin (PT) inhibited
invasion by TAM2D2.2 cells into REF monolayers to 30%Y, or

less.5 To test the PT sensitivity of the observed TNF-oc effect, we
assayed invasion of PT-pretreated TAM2D2.2.6 cells (200 ng
PT per ml for 2 hr) in the presence ofTNF-oc. As shown in Fig. 1

(U), PT did not inhibit TNF-i-induced enhancement of inva-

sion. On the contrary, the effect of TNF-cx was now much more

evident: invasiveness of PT-pretreated cells was stimulated 10-
fold, whereas invasiveness of untreated cells was stimulated only
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Figure 1. The effect ofTNF-a on invasion is dose dependent. Invasion by
untreated (El) and PT-pretreated (200 ng/ml, 2 hr) (-) TAM2D2.2.6
cells in the presence of increasing concentrations of TNF-x, added at
t = 0. The assay was terminated after 30 min. Invasion is expressed as the
percentage ofcontrol values. Invasion by untreated cells without TNF-a
was 81 /P and by PT-pretreated cells without TNF-a 0-5%/" of added
cells.
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1 3-fold. This shows that TNF-ox does not influence invasion via
a PT-sensitive mechanism. Because the effect of TNF-i was
more evident after PT pretreatment, all further experiments
were performed with PT-pretreated cells.

In nine similar experiments using 400 U TNF-x per ml,
invasion was stimulated, however, to a variable extent. Usually,
invasion was enhanced two- to threefold (Figs 2-4, Table I and
data not shown), but in some experiments, an example of which
is shown in Fig. 1, even higher stimulation was seen. Because of
this variation, results of single experiments representative of at
least four are shown.

Maximal stimulation of invasion was observed with 200-400
U TNF-a per ml (Fig. 1) and 30 min after addition of T-cell
hybridoma cells and TNF-a to the monolayer (data not shown).
The effect of TNF-o on invasion was transient, because it

disappeared after longer incubation. For this reason, sub-
sequent invasion assays were terminated after 30 min.

TNF-x pretreatment of T-cell hybridoma cells, but not of
fibroblasts, stimulates invasion

TNF-x was present during the invasion assay and thus the
results obtained might be due to an effect on either the T-cell
hybridoma cells or on the fibroblasts or both. To test this,
TAM2D2.2.6 cells and REF monolayers were preincubated
with the same concentration of TNF-x that was used for
invasion assays (400 U/ml), washed free of cytokine and then
immediately used for invasion assays. As can be seen in Fig. 2,
invasion by PT-pretreated TAM2D2.2.6 cells was stimulated
twofold when TNF-a was present during the invasion assay
(Fig. 2, control), and a similar effect was observed when the cells
were preincubated with TNF-:x for 15 and 30 min (Fig. 2,
preincubation). Moreover, the time-course of stimulation fol-
lowing preincubation was identical to that observed when TNF-
o was present during the invasion assay: stimulation was
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Figure 2. TNF-a-pretreatment ofT-cell hybridomas stimulates invasion.
TAM2D2.2.6 cells were pretreated with PT (200 ng/ml, 2 hr), washed,
and incubated with 400 U TNF-ot per ml for 15, 30, 45 and 60 min.
respectively, washed twice, and then immediately used to determine
invasion in a 30-min assay without TNF-a [preincubation (U)]. As a

control, invasion by TAM2D2.2.6 cells pretreated with PT, but not with
TNF-x, was measured in the presence [control (U)] or absence [control
(Z)] of 400 U TNF-x per ml, added at the start of the invasion assay.

Invasion is expressed as the percentage of added cells.

Table 1. Anti-TN F-7 monoclonal antibody neutralizes TNF-
x-induced invasion

Invasion (0/o of added cells)
Antibody
dilution + PT-TNF-a +PT+TNF-x

_ 8 1+03 160+1 9
1:2500 81±+05 11 0+0 1
1:1000 ND 11 7+02
1:400 9 4+0 3 8 9+0 6

51Cr-labelled TAM2D2.2.6 cells were preincubated with
PT (200 ng/ml, 3 hr) and invasion in the presence or absence
of 400 U TNF-a per ml and/or anti-TNF-o( monoclonal
antibody I F3F3 at indicated dilutions was measured in a 20-
min assay. Control invasion by untreated cells was 48 1P%,
(± 16) of added cells.

ND, not determined.
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Figure 3. TN F-) stimulates invasion by five invasive T-cell hybridomas.
Cells were preincubated with PT (200 ngnml. 2 hr) and invasion in the
presence (-) or absence of (0) 400 U TNF-x per ml was measured in a

30-min assay. Invasion is expressed as percentage of controls. Control
invasion without PT and TNF-7 was: TAM2D2.2.6, 11-5%,;
TAM8C4.4. 164",; TAM4A6.1.1. 16 1%¼; TCM6B2.30, 64'%,;
TAM8A5.2 1, 9-9"%O of added cells.

maximal after 30 min and then declined. In contrast, TNF-:x
preincubation of fibroblast cultures, even up to 24 hr, did not
alter invasion (data not shown). PT pretreatment of
TAM2D2.2.6 cells inhibited invasion to approximately 20"YO of
controls, and TNF-oc stimulated invasion approximately two-
fold in all cases. Taken together, these data show that TNF-i
directly acts on the T-cell hybridoma cells to stimulate their
invasiveness, and that it does not influence invasion by up-
regulation of cellular adhesion molecules, that mediate T-cell
binding, 2 on the cell surface of the fibroblasts.

Anti-TNF-sc antibody neutralizes TNF-a-induced invasion

To demonstrate that the observed stimulation was in fact due to
TNF-oc, we assayed invasion by PT-pretreated TAM2D2.2.6
cells in the presence of TNF-oa and the anti-TNF-a monoclonal
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CTL 16N CTL 23.21

Figure 4. TNF-a stimulates invasion by two CTL clones. Cells were

preincubated with PT (200 ng/ml, 2 hr), and invasion in the absence (El)
or presence of400 (-) and 1000 (Sn) U TNF-z per ml was measured in a

30-min assay. Invasion is expressed as the percentage of controls.
Control invasion without PT and TNF-a was: TAM2D2.2.6, 14 60%;
CTL16N, 67 60%; CTL23.21, 43 3%/o of added cells.

antibody, 1 F3F3. The results of a representative experiment are

shown in Table 1. IF3F3 (1:400-1:2500) alone did not inhibit
invasion by either PT-pretreated (Table 1) or untreated cells
(data not shown). TNF-Lx stimulated invasion by PT-pretreated
cells twofold and this was completely abolished by a 1:400
dilution of 1F3F3.

TNF-a stimulates invasion by five invasive T-cell hybridomas

Next, we tested whether TNF-a also stimulated invasion by
other invasive T-cell hybridomas. The cell lines used are clones
of the hybrids that have been described previously4.5 and are a

representative sample from the group of highly invasive, highly
metastatic T-cell hybridomas. Invasion by PT-pretreated cells
was assayed in the presence and absence of400 U TNF-cx per ml
(Fig. 3). TNF-a stimulated invasiveness of each cell line to a

similar extent, that is 1 8- to 2-7-fold. In this experiment,
invasion of TAM2D2.2.6 cells was stimulated 2 4-fold.

TNF-a stimulates invasion by two CTL clones

To test whether TNF-a affected invasion by normal T cells, two
mouse cytotoxic T-lymphocyte (CTL) clones were used. Both
CTL clones were very highly invasive: in this experiment 68%
and 43% of added cells invaded the monolayer in case of CTL
16N and CTL 23.21, respectively, compared to 15% of added
cells for TAM2D2.2.6 (Fig. 4). PT pretreatment inhibited
invasion by both CTL clones, but less than T-cell hybridomas.
In four experiments, invasion by CTL clones was reduced to on
average 45% ofcontrols (data not shown), whereas PT inhibited
invasion by T-cell hybridomas to on average 10% of controls
(Figs 1, 3 and 4, Table 1). In the experiment shown, PT
pretreatment inhibited invasion by CTL 16N to 56% and by
CTL 23.21 to 24% of controls. TNF-a enhanced invasion by
PT-pretreated cytotoxic T lymphocytes 13- to 1 6-fold. This
effect is less impressive than for T-cell hybridoma cells: the same
concentrations ofTNF-a stimulated invasion by PT-pretreated
TAM2D2.2.6 cells 2-6- to 3.2-fold. However, in absolute
numbers the increase in invasion for CTL was substantial:

11-4% and 3 8% of added cells by 400 U TNF-a per ml, and
13-1% and 6 4% by 1000 U TNF-a per ml for CTL 16N and
CTL 23.21, respectively, compared to 3 1% (400 U) and 2 2%
(1000 U) for TAM2D2.2.6.

TNF-z does not stimulate invasion by non-invasive T-cell hybrido-
mas

In addition to invasive T-cell hybridomas, we have tested the
effect of TNF-a on non-invasive T-cell hybridomas, that we
have obtained previously.4'5 Invasion by neither untreated- nor
PT-pretreated cells was affected by TNF-a, whereas in the same
experiments the usual results were obtained with invasive
TAM2D2.2.6 cells, so both PT and TNF-a were active (Table 2).
To test whether this was due to absence of TNF-receptors, we
measured '25I-TNF-cx binding to non-invasive cells. Cells were
incubated with 10 ng/ml '25I-TNF-a, the same concentration
that was used in invasion assays. As expected, '251-TNF-a bound
to invasive TAM2D2.2.6 cells (1816+ 16 c.p.m./500,000 cells),
but also to the non-invasive T-cell hybridoma TASIONI14.31
and the non-invasive BW5147 T lymphoma (1549+45 c.p.m.
and 788 + 23 c.p.m./500,000 cells, respectively). Thus, although
non-invasive cells have TNF-cx binding sites on their cell surface,
TNF-a cannot induce invasiveness of these cells.

DISCUSSION

The results presented here demonstrate that TNF-a stimulates
invasion by T-cell hybridomas into fibroblast monolayers in
vitro. We have used T-cell hybridomas as a model for invasion
by normal T lymphocytes, rather than freshly isolated spleen T
cells, because the spleen contains a heterogeneous mixture ofT
cells in different maturation stages and the level of invasiveness
of different isolates is variable (G. La Riviere, J. Klein
Gebbinck, C. Schipper and E. Roos, unpublished results). The
advantage of T-cell hybridomas is that they are cloned cell lines,
consisting of a single population of cells and that their invasive
potential is stable.45 TNF-a not only enhanced invasion by five
independent, representative invasive T-cell hybridomas, but
also by two mouse cytotoxic T-cell clones. This indicates that at
least part of the invasive machinery is identical and that T-cell
hybridomas are an appropriate model to study invasion by
normal T lymphocytes.

For T-cell hybridomas invasiveness in vitro correlates with
widespread metastasis in vivo,4'5 indicating that invasiveness is a
prerequisite for colonization of tissues from the blood, a process
similar to extravasation of normal T cells. The CTL clones
tested were also very highly invasive in vitro. Because these cells
have been repeatedly restimulated,25 they are probably compar-
able to memory-T lymphocytes in vivo. Recently, Mackay et al.3
showed that memory-T cells migrate from blood into healthy,
non-inflamed tissues. Taken together, this suggests that the high
level of invasiveness of memory CTL is responsible for their in
vivo migration behaviour. The effect of TNF-a on untreated T-
cell hybridoma cells was not always evident, and maximal
stimulation was only 1 3-fold. It is difficult to judge whether this
limited effect is relevant in vivo, but TNF-a may contribute to
migration of (memory) T cells into inflamed areas, where
cytokines, among which TNF-a, are produced.28

By enhancing invasiveness, TNF-a may also enhance metas-
tasis formation by T lymphomas. In line with this notion are the
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Table 2. TNF-a does not stimulate invasion by non-invasive T-cell hybridomas

Invasion (0X, of added cells)

Cell line -PT-TNF-i* -PT+ TNF-xt +PT-TNF-4 +PT + TNF-a§

BW5147 21 15 15 17
TAS5C4.1.2.18 1.0 06 06 1.1
TASIONI14.31 03 16 10 03
TAS9B5.49 0 9 0 8 0 3 0 5
TAM8A3.15 0 6 0 7 0 6 0-6

Invasion by untreated (*, t) and PT-pretreated (200 ng/ml, 2 hr) (t, §) cells was determined in
the presence (t. §) or absence (*, +) or 400 U TNF-a per ml in a 30-min assay. Parallel control
experiments using invasive T-cell hybridoma cells and the same PT and TNF-a preparation
showed that both TNF-a and PT were active (data not shown).

enhanced metastasis of TNF-a transfected Chinese hamster
ovary cells,29 and the increased lung colonization of human
melanoma cells in nude mice caused by TNF-a.30 Furthermore,
it is conceivable that TNF-(x is one of the factors causing
enhanced metastasis to injured and healing tissues.3' In using
TNF-a as an 'anti-cancer' agent, this should be taken into
account.

Pertussis toxin (PT) strongly inhibits invasion and metasta-
sis by T-cell hybridomas.5'7 This implies that an invasion-
enhancing signal is transmitted over the plasma membrane via a
PT-sensitive G protein. The ligand is not TNF-a, because TNF-
a stimulated invasion also after PT pretreatment. Preliminary
experiments have indicated that T-cell hybridomas synthesize
TNF-Lx messenger RNA (mRNA), but this does not necessarily
imply that the cells also secrete TNF-oc protein, as shown by
Krdnke et al.32 If the T-cell hybridoma cells do produce TNF-1,
it could be responsible for the low level of invasiveness that
remains after PT pretreatment.

The signal leading to TNF-o-mediated stimulation of inva-
sion is not transmitted by a PT-sensitive G protein, but it is not
clear which other transduction pathway may be used. TNF-cx
can enhance phospholipase A2 activity,'333 transiently activate
protein kinase C34'35 and increase or decrease intracellular cyclic
AMP levels.20'3637 TNF-a-induced endothelial cell retraction is
mediated via phospholipase A2, and this is inhibited by PT,'3
indicating that in T-cell hybridoma cells the invasion-enhancing
signal of TNF-cx is not transmitted via this pathway. In
neutophils, a fall in cyclic AMP levels was induced by a
synergistic action of TNF-oc receptor binding and CD18 (#2)
integrin engagement, and this was accompanied by actin
reorganization and cell spreading.37 This is particularly interest-
ing, because the CD18 integrin leucocyte function-associated
antigen-l (LFA-1) is involved in invasion by T-cell hybrido-
mas.38'39 It is therefore conceivable that joint action of TNF-a
and LFA- 1 binding to its ligand on the fibroblasts, induces a fall
in cyclic AMP and promotes cell spreading, similarly as in
neutrophils, thus enhancing invasion by T-cell hybridoma cells.
This is in line with the very recent observations that TNF-oa
induces motility of lymphokine-activated killer cells apparently
by decreasing cyclic AMP levels.20

TNF-a did not induce invasion by non-invasive T-cell
hybridoma cells. This is not due to lack of TNF receptors,
because the cells bound '25I-TNF-a. Possible explanations are
that these cells: (i) lack (part) of the post-receptor signal

transduction machinery, and/or (ii) lack protein(s) that are
indispensable for invasion to occur and/or (iii) contain invasion
suppressors. Identification of invasion-specific proteins and
elucidation of their function, should reveal which of these
explanations is correct.

On endothelial cells, TNF-ox induces expression of the
cellular adhesion molecules (CAM), intercellular CAM-1
(ICAM-1), endothelial CAM-1 (ELAM-1) and vascular CAM-
I (VCAM- 1), which mediate T-cell binding.",2'40 Similarly, TNF-
a induces ICAM-1 on fibroblasts.4' We found that TNF-o
pretreatment ofREF did not enhance invasion by either control
or PT-pretreated cells, showing that the effect of TNF-a on
invasion is not due to increased expression of adhesion mol-
ecules on the fibroblasts. In line with this we found that the level
of ICAM-1 was not increased during a 30-min treatment with
TNF-a (data not shown). In fact, preincubation of T-cell
hybridoma cells stimulated invasion to the same extent and with
the same kinetics as when TNF-Oa was present during the
invasion assay. Gamble et al.2' showed that TNF-Lx increases
neutrophil adhesion to endothelial cells, by affecting both
endothelial cells and neutrophils. Our data show that TNF-oc
can also act directly on T cells to stimulate their invasiveness.
TNF-c8 thus plays a regulatory role, not only in T-cell growth
and function," 28 but also in T-cell migration.
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