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SUMMARY: TNP-470, an angiogenesis inhibitor derived from fumagillin, is foreseen as a promising anti-cancer drug. Its
effectiveness to restrain tumor growth and its lack of major side effects have been demonstrated in several animal models and
have led the drug to reach phase III clinical trials. Beside its antiangiogenesis activities, TNP-470 exhibits several effects on the
immune system. We had shown previously that TNP-470 stimulated B lymphocyte proliferation through an action on T cells. In
this study, we examined the cellular and molecular modifications induced by TNP-470 in normal human T lymphocytes.
Transmission electron microscopic examination of PHA/TNP-470–treated T cells revealed significant morphologic modifications
when compared with PHA-treated control T cells. TNP-470 induced indeed an important and significant increase of the nuclear
size as well as major nuclear chromatin decondensation. This observation indicated that TNP-470 amplified T-cell activation and
led us to investigate its effects on the activation of transcription factors involved in T-cell activation. Using electrophoretic mobility
shift assays, we have demonstrated that TNP-470 amplifies and extends the DNA-binding activity of nuclear factor-AT, nuclear
factor-kB, and activation protein-1 in T cells. Furthermore, the angioinhibin significantly increased the secretion of IL-2 and IL-4.
Our data demonstrate that TNP-470 amplifies the activation of T cells. This effect, whose molecular mechanisms remain to be
elucidated, has to be taken into account in the assessment of the antitumor effect of the drug. (Lab Invest 2000, 80:13–21).

A t the end of this century, antiangiogenic therapy
appears as one of the most promising strategies

to restrain tumor growth and prevent metastasis
(Brem and Folkman, 1993; McNamara et al, 1998;
Takamiya et al, 1993; Weidner et al, 1991; Yanase et
al, 1993). TNP-470 is one of the several angiogenesis
inhibitors currently under intense investigation in clin-
ical trials. This synthetic analog of the fungal metab-
olite fumagillin is a potent proliferation inhibitor of a
variety of capillaries and large vessel endothelial cells
(Ingber et al, 1990; Kusaka et al, 1994). TNP-470
restrains angiogenesis in several in vivo models such
as the chick chorioallantoic membrane (Kusaka et al,
1991) and the rat or rabbit cornea assays (Yamaoka et
al, 1993; Yanase et al, 1993). More importantly, TNP-
470 significantly inhibits the growth of various exper-
imental murine tumors (Castronovo and Belotti, 1996).

Beside its well-characterized antiangiogenic activi-
ties, TNP-470 seems also to affect the immune system
(Berger et al, 1993; Hasuike et al, 1997; Schoof et al,
1993). We have reported that TNP-470 stimulates the
proliferation of human (Antoine et al, 1995) and murine

(Antoine et al, 1996a, 1996b) B lymphocytes. This
effect required the presence of PHA-activated T cells
and a direct contact between B and T cells. These
results were also observed in vivo. Subcutaneous or
intraperitoneal injections of TNP-470 into mice in-
duced a significant hyperplasia of the germinal centers
of axillary and mesenteric lymph nodes in normal mice
but not in T lymphocyte-deficient mice (Antoine et al,
1996a). Taken together, these results suggest that the
effect of TNP-470 on B cells could be mediated by a
direct activation of T cells.

T lymphocyte activation has been extensively inves-
tigated (Alberola-Ila et al, 1997; Lanzavecchia, 1997;
Zhao and Koretzky, 1997). In the nucleus, this process
starts by the induction of transcription factors that
allow transcription of “early activation genes,” such as
cytokine genes. For example, the T-cell–restricted
nuclear factor of activated T cell (NF-AT) binds to one
site of the IL-2 gene enhancer (Go and Miller, 1992;
Shaw et al, 1988). It is composed of a pre-existing
cytosolic subunit called NF-ATp. During activation,
NF-ATp is translocated into the nucleus where it
combines with an inducible nuclear subunit formed by
Fos and Jun proteins (Rao, 1994; Rao et al, 1997). IL-2
gene transcription is also dependant on the ubiquitous
nuclear factors NF-kB and AP-1 (Go and Miller, 1992).
The active forms of NF-kB are dimers composed of
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different combinations of the members of the Rel/
NF-kB family of proteins (Siebenlist et al, 1994). The
activation protein-1 (AP-1) is composed of different
associations of proteins belonging to the Jun and Fos
families (Angel and Karin, 1991).

In the present work, we have examined the effect of
TNP-470 on PHA-activated T lymphocytes both at the
morphologic level using electron microscopy analysis
and at the molecular level through DNA gel shift
analysis looking at the activation of NF-kB, NF-AT,
and AP-1 transcription factors. We also investigated
the effect of this drug on the T-cell secretion of two
major cytokines: IL-2 and IL-4.

Results

TNP-470 Induces Significant Ultrastructural Modifications
in PHA-Activated T Lymphocytes

T lymphocytes activated with PHA were treated or not
by TNP-470 and examined by transmission electron
microscopy to detect possible morphologic modifica-
tions. Figure 1A shows a representative microphoto-
graph of control T cells treated with PHA (4 mg/ml) and
0.1% dimethyl sulfoxide (DMSO; vehicle of TNP-470).
A majority of cells appeared in an activated status, as
suggested by the decondensation of chromatin and
the presence of large nucleoli. These two phenomena
were dramatically amplified when PHA-activated T
cells were treated with TNP-470. As shown in Figure
1B, the chromatin of the T cells was fully decon-
densed, and the sizes of the cells and their nuclei were
increased. These observations were quantified by
morphometrical analysis. Six hundred thirty-three
control T cells and 571 TNP-470–treated T cells were
manually delineated to measure cell and nucleus
sizes. The cell and nucleus surfaces of TNP-470–
treated cells were significantly increased compared
with control cells (Table 1). We also found that TNP-
470–treated cells have a nucleus/cell surface ratio
significantly decreased compared with control cells.
No morphologic changes were observed when T cells
were treated with TNP-470 only (data not shown).

TNP-470 Increases and Prolongs the DNA-Binding
Activities of PHA-Induced Transcription Factors

Because nuclear activity seems to be generally ampli-
fied in the presence of TNP-470, we investigated
whether the drug had an influence on transcriptional
factors known to be involved in T-cell activation.
Electrophoretic mobility shift assays (EMSA) were
performed to examine the DNA-binding activities of
three important transcription factors in nuclear ex-
tracts from TNP-470–treated T lymphocytes: NF-AT,
NF-kB, and AP-1. Nuclear extracts were prepared
from cells treated with PHA, TNP-470, or PHA1TNP-
470. Untreated cells were used as controls. EMSA
performed with an oligonucleotide containing a NF-
AT–binding site revealed a rapid induction of this
nuclear factor when the cells were treated with PHA
alone (Fig. 2A, lanes 2–4 ). This induction decreased
after 4 hours (lane 3 ) and disappeared completely after

24 hours (lane 4 ). Although treatment with TNP-470
alone had no effect on NF-AT–binding activity (lanes
5–7), combined treatment with PHA and TNP-470
increased NF-AT nuclear induction. For each tran-
scription factor investigated, the specificity of the
bands observed was demonstrated by competition
with an excess of unlabeled probe, using nuclear
extracts from the cells treated with PHA1TNP-470 for
1 hour (compare lanes 8 and “comp”). Additionally,
when the competition was carried out using oligonu-
cleotides in which the protein-binding site was mu-
tated (see “Materials and Methods”), there was no
inhibition in the formation of the corresponding pro-
tein/DNA complexes (data not shown). Interestingly,
similar experiments using oligonucleotides containing
NF-kB (Fig. 2B) and AP-1 (Fig. 2C) binding sites
revealed stronger induction of DNA binding in cells
treated with PHA1TNP-470 as compared with cells
stimulated with PHA alone. In both cases, this activa-
tion was prolonged in the presence of the two drugs.
These data were quantitatively evaluated by densito-
metric analysis. As shown in Figure 3 (A–C), the
binding activity of the three transcription factors inves-
tigated is increased compared with control cells.

TNP-470 Increases Secretion of IL-2 and IL-4 by
PHA-Activated T Lymphocytes

Because T-cell activation and nuclear factor induction
result in cytokine production, we investigated whether
TNP-470 could stimulate IL-2 and IL-4 secretion. We
cultured human T lymphocytes in the presence of
TNP-470 (500 pg/ml) and/or PHA (4 mg/ml) for 48 and
72 hours. Culture supernatants were analyzed by
ELISA for IL-2 and IL-4 secretion as described in
“Materials and Methods.” Because PHA activation
clearly stimulated IL-2 and IL-4 production, the addi-
tion of TNP-470 induced a further increase in the
secretion of both cytokines (Fig. 4).

Discussion

In this study, we demonstrated that the angioinhibin
TNP-470 significantly amplifies the activation of T
lymphocytes. Transmission electron microscopy and
morphometrical analysis showed that PHA-activated
T cells treated with TNP-470 exhibit a dramatic in-
crease in cell size due to an increase of both the
cytosol and the nucleus. Bigger nucleoli and extensive
chromatin decondensation indicate that the drug af-
fects T-cell activation. Interestingly, TNP-470 was
ineffective when added to T cells that were not pre-
activated with PHA. This observation suggests that
the angioinhibin affects the activation process once it
has been triggered but is not able to initiate it.

The morphologic effect induced by TNP-470 was
associated with a prolonged and increased induction
of three major transcription factors largely involved in
T-cell activation: NF-AT, NF-kB, and AP-1. Direct
interactions occur between transcription factors and
are essential for appropriate DNA binding and trans-
activation. Indeed, NF-AT, AP-1, and NF-kB are
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thought to interact in order to realize proper transcrip-
tion initiation (Angel and Karin, 1991; Jain et al, 1992;
Rao, 1994; Siebenlist et al, 1994). Our data suggest
that TNP-470 may act on a common pathway of cell
activation. Consistently, no effect on NF-AT, NF-kB,

and AP-1 activity was observed when non-PHA–
treated T cells were incubated with TNP-470.

Although the exact mechanism of action of lectins
on T lymphocytes remains unclear, they are thought to
mimic the effect of the physiologic interaction of an

Figure 1.
Transmission electron micrographs of human T lymphocytes. (A) T cells treated for 48 hours with PHA (4 mg/ml) and 0.1% DMSO (vehicle of TNP-470), used as
controls. (B) T cells treated for 48 hours with PHA (4 mg/ml) and TNP-470 (500 pg/ml). Black lines represent 10 mm.
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antigen with the TCR (Bemer et al, 1995; Peacock et
al, 1990). Interactions between a ligand and the TCR
are followed by activation of different enzymes be-
longing to the src and syk families of protein tyrosine
kinases (Alberola-Ila et al, 1997). The activity of these
protein tyrosine kinases allows the development of
two different cascades of events. Firstly, guanosine
triphosphate-binding proteins (ras, rac, rho. . . ) could
be recruited to control a series of serine/threonine
kinase cascades (mitogen-activated protein kinase
cascades). Secondly, activation of phospholipase C
could generate intracellular calcium mobilization and
subsequent activation of protein kinase C. All these
events converge to final effectors, ie, transcription
factors, permitting the development of the cell re-
sponse (in this case, proliferation and cytokine pro-
duction). Interestingly, the activation of NF-AT seems
to be dependent on the calcium pathway (Masuda et
al, 1998; Rao et al, 1997). Indeed, NF-ATp is translo-
cated into the nucleus after the action of the calcium-
dependent phosphatase calcineurin. This fact is con-
firmed by the dramatic negative effect of cyclosporine
A (CsA) on the activation of NF-AT (Flanagan et al,
1991), because it is now well accepted that CsA
inhibits the phosphatase activity of calcineurin
(Crabtree and Clipstone, 1994). Activation of NF-kB
could also depend on intracellular calcium elevation
because its binding activity is affected by CsA
(Schmidt et al, 1990). Taken together, these data
suggest that TNP-470 could act at an early point of the
transduction pathway.

Recently, a mechanism of action of TNP-470 on
endothelial cells have been suggested (Griffith et al,
1998; Sin et al, 1997). Indeed, TNP-470 and fumagillin
are able to bind covalently to the type 2 methionine
aminopeptidase (Met AP-2), a metalloprotease in-
volved in activation of proteins by myristoylation (bind-
ing of myristic acid on N-terminal glycine residues).
This covalent interaction results in inactivation of Met
AP-2. In T cells, Met AP-2 is involved in the regulation
of src proteins (Peseckis et al, 1993), suggesting that
TNP-470 would exert an inhibitory effect on the early
events of activation. Our results suggest that it is not
the case and that another possible explanation has to
be proposed. In this context, recent data, showing
that the redox status of the cell plays a role in NF-kB
activation during the immune response (Ginn-Pease
and Whisler, 1998), have to be carefully considered.
Indeed, T cells require two signals for full activation of
NF-kB. First, a cascade of events mediated by TCR/
CD3 stimulation and, next, an activation pathway
mediated by CD28 or tumor necrosis factor-a receptor

stimulation and subsequent production of H2O2 and
reactive oxygen species. Interestingly, the numerous
reactions in which these very reactive compounds are
implied could also be encountered in the cytoplasm of
cells presenting a nitric oxide (NO) overproduction
(Wink et al, 1998). In normal conditions, NO is pro-
duced by different isoforms of NO synthases and
transported extracellularly after myristoylation and
translocation of the enzyme to the caveolae of the
plasma membrane (Sakoda et al, 1995). The inhibition
of myristoylation by covalent reaction between TNP-
470 and Met AP-2 (see above) could thus suggest an
explanation for the intracellular accumulation of NO
and the subsequent modification of the T-cell redox
status.

We also showed that TNP-470 increases IL-2 and
IL-4 secretion by PHA-treated T cells. These data are
in agreement with the transcription factor activation
observed in this study because IL-2 gene transcription
is known to be dependant on NF-kB, NF-AT, and AP-1
(Crabtree and Clipstone, 1994). For IL-4, a recent
review by Szabo et al (1997) suggests a role of NF-AT
and AP-1 in the control of gene transcription.

In conclusion, we have demonstrated that TNP-470
amplifies and extends the T-cell activation induced by
PHA. Our data explain, at least in part, the significant
increase of B lymphocyte proliferation in the presence
of PHA/TNP-470–treated T lymphocytes. This activity
of TNP-470 may be important in the therapeutic
evaluation of this drug. In addition to its antiangiogenic
activities, TNP-470 could play a role in strengthening
the efficacy of the immune system to fight the cancer
cells. Additional studies need to be performed to
demonstrate such an effect and to elucidate the exact
mechanisms by which TNP-470 amplifies T-cell acti-
vation. Finally, our data identify TNP-470 as a useful
tool to study the molecular mechanisms that are
involved during T-cell activation.

Materials and Methods

T Lymphocyte Purification

Human T lymphocytes were obtained from the periph-
eral blood of healthy donors, kindly collected by the
“Croix Rouge de Belgique” (University Hospital, Liège,
Belgium). Blood lymphocytes were purified by Ficoll-
Hypaque (Pharmacia Biotech, Uppsala, Sweden) den-
sity gradient centrifugation as described previously
(Baijum, 1968). The T-cell population was obtained by
rosetting with 2-aminoethylisothiouronium bromide
(Sigma-Aldrich, Bornem, Belgium)-treated sheep

Table 1. Morphometric Analysis of PHA-activated T Cells Treated or Not with TNP-470

Cell surface* Nucleus surface* Nucleus/cell

PHA1DMSO 23.447 (7.351) 11.084 (1.991) 0.488 (0.113)
PHA1TNP-470 36.447 (14.546) 14.241 (6.475) 0.389 (0.117)

uZu 19.3 11.2 14.9

The values are expressed in square micrometers and represent the means obtained from 633 control cells and 571 TNP-470–treated cells. Standard deviations
are indicated between parentheses.
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erythrocytes and centrifugation over Ficoll-Hypaque.
The erythrocytes were lysed and T lymphocytes re-
covered and rinsed. The T-cell population was con-
taminated by approximately 10% of B cells, as deter-
mined by CD3/CD19 double labeling (Dako,
Carpinteria, CA) and analysis using a flow cytometer
(FacScan; Becton Dickinson, San Jose, CA.). The
T-cell population was further purified by immunomag-
netic Dynabeads (Dynal, Oslo, Norway). Briefly, the
lymphocytes were incubated with anti-B cell monoclo-
nal antibodies (CD19; Dako) and then with a second-

ary anti-mouse IgG, coupled with a magnetic bead.
Subsequent exposure to a magnetic field and washing
steps removed the bead-coated B lymphocytes. This
procedure led to a more than 96% pure T lymphocyte
population, as determined by flow cytometry analysis
(see above).

Cell Culture

T cells were cultured with complete RPMI medium
containing 10% heat-inactivated fetal calf serum, pen-

Figure 2.
TNP-470 amplifies and extends the DNA-binding activity of NF-AT (A), NF-kB (B), and AP-1 (C) in PHA-activated T cells. DNA-protein complexes were formed between
the corresponding 32P–end-labeled double-stranded oligonucleotides and nuclear extracts from cells treated for 1, 4, or 24 hours with PHA (4 mg/ml), TNP-470, (500
pg/ml), or with PHA1TNP–470 as described in “Materials and Methods.” Untreated cells were considered as controls (lane 1). The arrows indicate specific bands
inhibited by the addition of unlabeled oligonucleotide for each transcription factor (“Comp ” lane).
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Figure 3.
Densitometry analysis of the DNA/NF-AT (A), DNA/NF-kB (B), and DNA/AP-1 complexes formed using nuclear proteins extracted from PHA-activated T cells treated
or not by TNP-470. Densitometry values are given in multiple of 106 “grey scale units” (gsu), which are directly proportional to optical density. The values were plotted
after subtraction of background densitometry. f 5 TNP-470 treatment; F 5 PHA treatment; Œ 5 TNP-4701PHA treatment.

Locigno et al

18 Laboratory Investigation • January 2000 • Volume 80 • Number 1



icillin (200 U/ml), and streptomycin (100 U/ml). Cells
were incubated at 37° C in an atmosphere containing
5% CO2 under saturating humidity. For electron mi-
croscopy analysis, T cells were incubated for 48 hours
with 500 pg/ml TNP-470 (Takeda Chemical Industries,
Ltd., Osaka, Japan) and 4 mg/ml PHA-L (Boehringer
Mannheim, Mannheim, Germany). TNP-470 was dis-
solved in DMSO (with a final concentration lower than
0.1%). For these two types of experiments, control
cells were treated with PHA-L alone or with PHA-L and
DMSO. For transcription factor assays, T lymphocytes
were incubated in the absence or presence of TNP-
470 (500 pg/ml) and PHA-L (4 mg/ml) for 1, 4, and 24
hours. For ELISA tests, T lymphocytes were left un-
treated or were incubated for 48 hours and 72 hours
with TNP-470 (500 pg/ml) and/or PHA-L (4 mg/ml).
Controls were untreated cells.

Transmission Electron Microscopy

T lymphocytes were fixed with glutaraldehyde 2.5% in
cacodylate buffer (pH 7.2, 30 minutes at 4° C). They
were rinsed in the same buffer and postfixed in 2%
osmium in cacodylate buffer for 30 minutes, at 4° C.
Cells were then progressively rehydrated, rinsed in
distilled water, and embedded in Epon. Ultrathin sec-
tions (60 nm) performed using a Reichert microtome
(Philips E–M201, Eindhoven, The Netherlands) were
contrasted with aronyl acetate (15 minutes) and lead
citrate (15 minutes) as previously described (Reynolds,

1963). Sections were observed using an electron
microscope (Philips E-M 201; ).

Morphometric Analysis

Control PHA-L–treated T-cell areas were compared
with T cells treated for 48 hours with PHA-L and
TNP-470 at a concentration of 500 pg/ml. T-cell areas
were measured with a computerized IBAS 2000 image
analyzer (Kontron, Eching, Germany) and expressed in
square micrometers. These data were statistically
analyzed according to a parametric unpaired compar-
ison of the means. A large number of cells was chosen
for each condition (633 for control and 571 for treated
cells). The means of the two conditions were com-
pared for each case (cell surface, nucleus surface, and
nucleus/cell ratio) by the calculation of “Z” value as
follows:

Z 5 (mcontrol 2 mAGM)/= ((s2
control/633) 1 (s2

AGM/571)),

where m 5 mean and s 5 standard deviation. When uZu
is . 5 1.96, the difference between the means is
significant, considering an error risk of 5%.

Nuclear Extracts and Mobility Shift Assays

Nuclear extracts were prepared from about 23107

human peripheral T lymphocytes. The cells were
washed three times with PBS and once in 1 ml of
buffer A [10 mM HEPES, pH 7, 20 mM KCl, 2 mM

Figure 4.
TNP-470 increases secretion of IL-2 (A1 and A2) and IL-4 (B1 and B2) in PHA-activated T lymphocytes. T cells were treated 48 hours (A1 and B1) or 72 hours (A2
and B2), and cytokines were quantified in the culture supernatant as described in “Materials and Methods.” In each experiment, cells were treated with TNP-470 (500
pg/ml), PHA (4 mg/ml), or TNP-470 1 PHA (T 1 P). Control cells were untreated.
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MgCl2, 0.1 mM EDTA, 1 mM dithiothreitol (DTT), 1 mM

phenylmethlysulfonyl fluoride (PMSF), proteases in-
hibitors—see below] and then incubated for 30 sec-
onds at 4° C in 1 ml of buffer B (buffer A plus 0.2%
Nonidet P-40 and 10 mM KCl). Nuclei were then
pelleted at 6000 rpm for 5 minutes. Pelleted nuclei
were washed twice with 500 ml of buffer A. Two
volumes of buffer C (20 mM HEPES, pH 7.9, 1.5 mM

MgCl2, 0.2 mM EDTA, 0.63 mM NaCl, 25% glycerol, 0.5
mM DTT, 1 mM PMSF, and proteases inhibitors—see
below) were added to the resulting pellet. After mixing
on a rotating table for 30 minutes, the viscous solution
was centrifuged at 14 000 rpm for 30 minutes. The
supernatants containing nuclear proteins were saved
at 270° C until use. Concentrations of proteins were
determined by the BioRad Protein Assay (BioRad
Laboratories, Hercules, CA). Buffers A, B, and C
contain protease inhibitors (Boehringer Mannheim) as
follows: 74 mM antipain, 1 mM leupeptin, 1 mM pepsta-
tin, 0.3 mM aprotinin, 130 mM bestatine, 0.17 mM

chymostatine, 28 mM E-64, and 4 mM Pefabloc. EMSA
were performed as described (Bressler et al, 1991).

Binding reactions were carried out in a solution
containing 3 mg of poly(dI)poly(dC) (Pharmacia Bio-
tech, Piscataway, NJ), 1 mg of bovine BSA, 2 mg of
nuclear proteins, and an adequate volume of buffer D
(20 mM HEPES, 10 mM KCl, 0.2 mM EDTA, 0.5 mM DTT,
0.5 mM PMSF, and 20% glycerol) to bring the volume
of the reaction to 20 ml. The mixture was then incu-
bated for 30 minutes at room temperature. When a
competition was made to test the specificity of the
binding reaction, a 50-fold excess of unlabeled corre-
sponding probe was added before adding the nuclear
proteins. Additional controls include competition with
an excess of mutated oligonucleotides for each tran-
scription factors studied. The probe for NF-kB was
derived by annealing oligonucleotides 59-ttggAAG-
GAGAGGGGATTCCCCTGCCGTTG-39 and 59-ttggC-
AACGGCAGGGAATCCCCTCTCCTT-39, whereas the
mutated probe was obtained after annealing oligonu-
cleotides 59-ttggACCGATCGCTCATTGTGCTGAGG-
TTG-39 and 59-ttggCAACCTCAGCACAATGAGCGA-
TCGGT-39. The probe for AP-1 was derived by anneal-
ing oligonucleotides 59-gatcTCATGACTCAGAGG-
AAAAC-39 and 59-tcgaGTTTTCCTCTGAGTCATGA-39,
whereas the mutated probe was obtained after an-
nealing oligonucleotides 59-gatcTCGCGAAGCATC-
GGCGATC-39 and 59-gatcGATCGCCGATGCTTcg-
CGA-39. The probe for NF-AT was derived by anneal-
ing oligonucleotides 59-ggttGTATGAAACAGTTTTTC-
CTCCTT-39 and 59ggttAAGGAGGAAAAACTGTTTCA-
TAC-39, whereas the mutated probe was obtained
after annealing oligonucleotides 59-ggttAAGGAGGC-
AAAACTGTTGCATAC-39 and 59-ggttGTATGCA-
ACAGTTTTGCCTCCTT-39. The samples were sub-
jected to electrophoresis at room temperature in 4%
polyacrylamide gels in 0.25X TBE (90 mM Tris, 90 mM

boric acid, 2 mM EDTA, pH 8.0) followed by autora-
diography. Each experiment was repeated at least two
times.

Densitometry Analysis

Autoradiographies resulting from EMSA were
scanned. The relative densitometry of each band was
evaluated using the Scan Analysis software from Ap-
ple Computer, Inc. (Cupertino, CA).

Quantification of Secreted IL-2 and IL-4 by ELISA

After 48 or 72 hours of treatment (see above), IL-2 and
IL-4 concentrations were measured in the T-cell cul-
ture supernatants by ELISA, using Predicta Elisa Kits
(Genzyme, Cambridge, MA).
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