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Culture media,reagents.and
T cell lines. All cultures were
performed in RPMI 1640 medium as described elsewhere (1 1).ReThelymphokineinterleukin
2 (IL-2),' a polypeptide combinant human 1L-2 (rIL-2) (lot LP-265B. 99% pure, endotoxin
hormone of 133 amino acids, plays a critical role in the content 0.01 ng/ml) with a specific activity of 3 U/ng was kindly
proliferative expansion of T lymphocyte effector cells.
IL- donated by Cetus Co. (Emeryville, CA). '251-RadiolabeledIL-2 (23.8
pCi/pg) was purchased from New England Nuclear (Boston, MA).
2 exerts its growth-promoting activity via specific cell
Two helper cell lines L-14 and HT-2 were used in the present
surface receptors (IL-2R)(1) which exist in high and low studies. L-14 is specific for the synthetic random terpolymer poly
affinity forms (2).All the positive t,irjlogic effects of IL-2 (GIu6'. Ala3', Tyr") and is H-2b-restricted (12).L-14 cells were proadaptedto grow in IL-2-containing medium alone (12. 13).
appear to be mediated by high afl'riiitv IL-2R (HA-IL-2R) gressively
HT-2 cells, initially described by J. Watson (14) also grow in the
(1.2).
presence of IL-2-containing medium alone. All the cell lines are
The existenceof two types of r e c r p (:-sp55 (3)and p70 maintained by culture in complete medium supplemented with su(4-7) that separately bind IL-2 with luw or intermediate pernatant from concanavalin A-activated spleen cells prepared a s
described previously ( 1 1). Both cell lines were shown to be Fc recepaffinity has been demonstrated. The res;iIts suggest thattor negative (data not shown).
the association between these two receptors constitute
mAb: purqication, preparationof Fabfragments, radiolabeling,
the HA-IL-2R (4-7). The mechanism and control
of signal and specqicity. mAb 5A2 and 7D4 were purified and labeled with
'
(Amersham, UK) as already described (15). Fab fragmentsfrom
transduction after binding of IL-2 to HA-IL-2R is poorly 15A2
and 7D4 were prepared by digestion with mercuropapain and
understood. IL-2 binding is followed by internalization of pepsin, respectively (15). Fab fragmentswere checked for purity by
the HA-IL-2R/IL-2 complex in human T cellsand a chain sodium dodecyl sulfate-polyacrylamide gel electrophoresis under
both reducing and nonreducing conditions.
To check the immunochemical activity of Fab fragments, antiReceived for publication March 28, 1987.
body-bindinginhibition assays were performed. L-14 cells were
Accepted for publicationSeptember 3. 1987.
washed twice and incubated in
RPMI 1640 medium (pH 7) containing
The costs of publication of this article were defrayed in part by the
0.1 % sodium azide. 1O-' M HEPES, and 1% bovine serum albumin
payment of page charges. This article must therefore be hereby marked (RPMI-HEPES)for 2 h r a t37°C in order to remove membrane-bound
advertisement in accordance with 18 U.S.C. Section 1734 solely to indiIL-2. Cells (5 x 105/well) were incubated in RPMI-HEPES, with
cate this fact.
various concentrations of cold anti-IL-2R mAb or their Fab fragAddress correspondence and requests for reprints toDr. Jacques
Thbe. Unite d'lmmunogenetiqueCellulaire, Dtpartement d'Immunologie. ments for 90 min at 4°C in a total volume of 100 pl in 96-well Vformed plates (Greiner. Labortechnick, Bischwiller, France) in the
Institut Pasteur, 25 rue du Docteur Roux,75724 Paris Cedex 15, France.
'Abbreviations usedin this paper: IL-2. interleukin 2: HA-IL-2R. high presence of 400 pglml of normal rat immunoglobulins. This was
affinity interleukin 2 receptor; IL-2R. interleukin 2 receptor: mAb. mono- followed without washing by a second 90-min incubation a t 4°C
clonal antibody: rIL-2. recombinant interleukin 2; EGF. epidermal growth with 5 ng/well of 'Z51-labeledanti-IL-2R mAb5A2 or 7D4. This
concentration results in around 15% maximal binding under the
factor.
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During the growth of interleukin 2 (IL-2)-depend- of intracellular reactions resulting in T cell growth (8).
ent T cells IL-2 binding is followed by internaliza- During this complex process the respective roles of IL-2
tion of the complex between IL-2 and the high
affin- binding to HA-IL-2R and the internalization of the HAity IL-2 receptor (HA-IL-2R). The respective role of IL-2R/IL-2 complex are still unclear.
IL-2 binding to HA-IL-2R and internalization of the We have attempted to clarify this question using
monocomplex has been examined. Monoclonal antibody clonal antibodies (mAb) specific for the p55 subunit of
7D4 (IgM) blocks IL-2-dependent T cell growth al- the IL-2R (9, 10). ThemAb 7D4 (IgM) has been shown to
though it does not affectIL-2 binding to HA-IL-OR. block IL-2-dependent T cell growth, although it is known
We show here that 7D4 inhibits T cell growth by
IL-2 binding site
blocking IL-2 internalization by HA-IL-2R. In con- to recognize a n epitope distinct from the
on
murine
IL-2R
(9,
10).
We
show
here
that7D4 inhibits
trast, Fabfragmentspreparedfrom
7D4 neither
T
cell
growth
by
blocking
IL-2
internalization
by HA-ILblock IL-2 internalization nor inhibit T cell growth.
2R. In contrast, Fab fragments prepared from 7D4 neiMonoclonal 5A2, that recognizes an epitope related
to the IL-2 binding site as well as its Fab fragment, ther block IL-2 internalization nor inhibitT cell growth.
inhibits T cell growthandIL-2
internalization. A s expected, mAb 5A2 (1 0 ) as well as its Fab fragment
Monoclonal antibody7D4,because of its pentameric which recognizes a n epitope related to the IL-2 binding
structure, probably aggregates the IL-2R at the T site, inhibit T cell growth and IL-2 internalization. The
cell surface and therefore prevents its internaliza- data presented in this paper suggest that simple occution. The data presented in this paper suggest that pancy of HA-IL-2R by IL-2 is not sufficient to transduce
simple occupancy of HA-IL-2R by IL-2 is not suffi- the T cell growth signal. The growth signal
is transmitted
cient to transduce the T cell growth signal: this only by the internalization of the HA-IL-2R/IL-2 complex.
signal is transmitted only after internalization of
the IL-P/HA-IL-BR complex.
MATERIALS AND METHODS
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experimentalconditionsdescribed.
The cellswerewashed
three
efficient that inhibition by the wholecold molecule.
times in RPMI-HEPESand thebound radioactivity was measured in These figures are derived from the quantity, in terms of
a Beckman gamma scintillation counter. Results are expressed in
weight, of cold inhibitor giving 50% inhibition. In the
terms of percent inhibition.
To check the specificity of 7D4, 5A2, and their Fab fragments, experiments described below we have taken into account
inhibition of IL-2 binding was performed as already described (10).
the reduced efficiency of 5A2 and 7D4 Fab fragments.
Inhibition of the IL-2-drivenproliferation assay. This assay was
K d (mol/liter) of mAb 7D4 and 5A2 has been measThe
performed a s previously described (15). Briefly, cells were seeded in
ured and found to be 0.49 X
and0.94 X
96-well microtiterflat-bottomed plates (Corning, New York, ref.
25680) with limiting concentrations of rIL-2 giving approximately
respectively. The K d of 7D4 and 5A2 Fab fragmentswere
half-maximalproliferation.Whenindicated.
differentconcentrafoundto be 8.2 X
and4.2 X
respectively.
tions of purified mAb or their Fab fragmentswere added.
IL-2 internalization and inhibitionof internalization by anti-IL- Furthermore, Iz5I-labeled Fab fragments from 5A2 and
2R mAb or their Fab fragments. Internalized '251-labeled IL-2 was
7D4 only bind to cells expressing IL-2R molecules (data
distinguished from surface-bound IL-2 by acid treatment. Exposure
not
shown).
of cells for 2 min a t 4°C to RPMI 1640. containing 25 mM sodium
Fab
fragments prepared
from 5A2 and 7D4 retain their
acetate,and
M HEPES adjusted to pH 4 and followedby two
centrifugations in RPMI-HEPES completely removes surface-bound specificities (Table I). mAb5A2 and its Fab fragment
IL-2 without affecting cell viability.
dramatically inhibit IL-2 binding. whereas 7D4 and its
For inhibition of internalization.the cell (5 X 105/well)were
Fab fragment haveno significant effect. This is in agreeincubated in the presence
of indicated concentrations of mAb 5A2,
7D4. or their Fab fragments 4°C
at for 1 hr in a total volume of 100 ment with previous studies where we have shown that
rl of RPMI-HEPESin Eppendorftubes. After incubation andwithout
the epitope recognized by 5A2is intimately related to the
washing, 0.5 ng of 1251-labeledIL-2 was added to each tube for
IL-2 binding site. whereasthe epitope recognized by 7D4
another 20 min 37°C.
at
The cells werethen immediately centrifuged
is
distant from the IL-2 binding site of the IL-2R (10 ) .
in cold RPMI-HEPES to stop the reaction. The pellet of half of the
samples was treated with RPMI (pH 4) followed by two successive
Effect of Fab fragments from5A2 and 7 0 4 on IL-2washings in RPMI-HEPES. The other samples were washed with
dependent T cell growth. Figure 2 shows the ability of
RPMI-HEPES only. The radioactivity of the cells was then determAb 5A2 and 7D4 and their corresponding Fab fragmined as described above. The radioactivity left after acid treatment
was takena s a measure of IL-2 internalization.
ments to inhibit IL-2-induced proliferation of L-14 (Fig.
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Flgure I . Inhibition of binding of 1a51-labeled mAb 5A2(A) and L251-labeled mAb
7D4 (B)to the p55 subunit of the IL-2R by unlabeled mAb 5A2.
7D4. and their respective Fab fragments. L-14 T helper cells (5 x 105/100 ~l/well)
were incubated with the indicated concentrations of unlabeled
5A2 Fab (W),
7D4 (A-A)
and 7D4 Fab (A-A]
at 4°C for 90 min followed by a second incubation at 4 T for 90 min with
mAb 5A2 1-(,
5 ng of 1251-labeled mAb.
This concentration results in 15%maximal binding under the experimental conditions described and corresponds to around
4000 and 5500cpm for 7D4 and 5A2. respectively.Results are expressed as per cent inhibition.

j

cpm bound in the presence of inhibitor - background
x 100
- cpm bound in the absence of inhibitor - background
A. Eight nanograms of cold 5A2 and 18 ng of cold 5A2 Fab. respectively. are required to obtain 50% inhibition of L251-labeled 5A2binding. B. Ten
nanograms of cold 7D4 and 95 ng of cold 7D4 Fab. respectively, are required to obtain 50% inhibition of 12sI-labeled7D4 binding.

Downloaded from http://journals.aai.org/jimmunol/article-pdf/139/11/3680/1035687/3680.pdf by guest on 04 December 2022

2A) and HT-2 (Fig. 2B) cells. In agreement with previous
results, mAb 5A2 inhibits the proliferation of both L-14
Immunochemical activity of Fabfragments from
5 A 2 and HT-2 cells (10, 15). Its Fab fragment alsoefficiently
and 704 anti-IL-2R mAb. Figure 1 shows the inhibition inhibits this proliferation.Efficiency of inhibition by the
of binding of '251-labeled mAb5A2 (Fig. 1A)and 7D4 (Fig. 5A2 Fab was 4 to 6 times less (in terms of inhibitor
weight) than that of the intact IgG molecule, thus corre1B) toL- 14 T helper cells by different concentrations of
cold mAb and theircorresponding Fab fragments. These lating with results described in Figure 1A). This result
inhibitions are specific and concentration-dependent; in- was confirmed with both L-14 and HT-2 cells. A s a
hibition by the 5A2 Fab fragment was foundto be 2 to 3 control. mAb GK1.5 (anti-L3T4) does not affect the protimes less efficient than inhibition by cold 5A2. Inhibi- liferation of the L3T4+L-14 cells, whereasmAb H-35.899 (anti-lymphocyte function-associated antigen (LFA)-1)
tion by the 7D4 Fab fragment is around 10 times less
RESULTS
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TABLE I
Eflect of5A2. 7D4, and thelr Fabfragrnentson IL-2 blndlng
7% Inhlbltion at Dlfferent Concentratlons
of lnhibltor (In &/well)"

T
lnhlbitor
Cell

30

15

5A2
5A2(Fab)

90
79

8582
75

7D4
7D4(Fab)

1014
2222

16
22

60

L-14

HT-2

21

8

4

75
83

81
11

75
5A2
5A2(Fab)81

82
79

80
82

20

23

7D4
7D4(Fab)
15

3
18

5
15

6
15

8

%-

cpm bound in the presence of inhibitor - background
x 100.
cpm bound in the absenceof inhibitor - background

does not affect theproliferation of the L3T4- LFA-I+HT2 cells.
The results obtained with the 7D4 Fab fragment are
different. Although 7D4 does inhibit the IL-2-induced
proliferation of L- 14 andHT-2. its Fab fragmentdoes not
affect this response. Fab fragments were tested at very
high concentrations in order to compensate for the decreased efficiency of 7D4 Fab (Fig. 1B). mAb 7D4 at a
concentration of 0.02 pg/lOO pl/well inhibits IL-2-induced proliferation of L-14 T cells by 50%.whereas 10
pg/lOO pl/well of 7D4 Fab do not affect this response.
With HT-2 cells, 0.8 pg/100 pl/well of 7D4 inhibits proliferation by 50%.whereas 40pg/lOO pl/well of 7D4 Fab
do not affect thisresponse.

DISCUSSION

The datapresented in this paper indicatethat: 1) binding of IL-2 to HA-IL-2R alone is inadequate to induce
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Figure 2. Effect of mAb 5A2 and 7D4 and their Fab fragments
on IL-2-induced proliferation of L-14 (A) and HT-2 (B)cells. L-14 (2 X 104/200 PI/
well) and HT-2 (lo' cells/200 pl/well) were cultured with various amounts of 5A2 (e".).
5A2 Fab 1-,(
7D4 (A-A),
or 7D4 Fab (A-A)
in
the presence of 0.6 ng/well of rIL-2. This concentration of rIL-2 was found to give around 50%maximal prollferation. After 48 hrof culture, thecells
were pulsed and [3HITdRincorporation measured 16 hr later.['HITdR incorporation in control wells was 15,000 and 25,000cpm for L-14 and HT-2.
were used as controls for L-14 and HT-2 cells, respectively.
respectively. Anti-L3T4 mAb GK1.5 I*-*) and anti-LFA-1 mAb H-35.89.9 (*-*)
Percent inhibltion was calculated as follows:

)

cpm bound in the presence of inhibitor - background
x 100.
cpm bound in the absence of inhibitor - background
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a Indicated concentrations of mAb 5A2. Fab 5A2, 7D4. and Fab 7D4
were added to L-14 (5 X lo5 cells/100 pl/well) or HT-2 (lo5cells/100 pl/
well) for 90 min at 4°C followed by a second incubation with 0.5 n of
lasI-labeledIL-2 for another 90 min at 4°C. Determination of bound
labeled IL-2 was measured as described elsewhere (10). Theradioactivity
of '"'I-labeled IL-2 bound in the absenceof inhibitors was300 and 1000
cpm on L-14 and HT-2 cells. respectively. Background binding never
exceeded 50 cpm. The percent of inhibition of 1L-2binding was calculated
as follows:

Efect of 5 A 2 and 7 0 4 Fab fragments on HA-IL-2R
internalization. L-14 cells were incubated with lZ5I-labeled IL-2 (Fig.
3)and theIL-2 internalized was measured
as indicated in Materials and Methods. The process is
very fast and a significant amount of lZ5I-labeledIL-2 is
internalized after only 5 min. After 15 to 20 min the
process reaches a plateau, representing around 50% of
the cell surface-bound IL-2. Similar resultswere obtained
with the HT-2 cell line (data not shown).In the following
experiment, a period of 20 min was chosen to study the
effects of mAb on IL-2 internalization.
Figure 4 shows the inhibition
of IL-2 internalization by
5A2 and 7D4 and their Fab fragments
by using L- 14 (Fig.
4A) and HT-2 cells (Fig. 4B). mAb 5A2 and its Fab
inhibit
IL-2 internalization very efficiency. This effect is probably the consequence of the inhibition ofIL-2 binding
which may be responsible forIL-2R internalization. However, mAb 7D4which does not inhibitIL-2 binding (Table
I) strongly inhibits IL-2 internalization, paralleling its
inhibition of IL-2-dependent proliferation. In contrast,
7D4 Fab blocks neither IL-2-induced proliferation (Fig.
2) nor IL-2 internalization, even when tested at concentrations up to 400 p g / l O O pl/well to compensate for its
decreased efficiency (Fig. 1).
We have verified that theIL-2 bound to the cell surface
of HT-2 in the presence of mAb 7D4 does not undergo
any significant biochemical modification. It can be removed from the surface either by acidic pH treatment
(Fig. 4) or by trypsin treatment (data not shown). Furthermore theIL-2 removed from the surfaceby acidic pH
treatment migrates as a single band of around 15,000 in
sodium dodecyl sulfate gels (data not shown).
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Figure 4. Influence of mAb 5A2 and 7D4 and their Fab fragments
on the internalization of '"I-IL-2 on L-14 (A) and HT-2 ( S )cells. L-14 (5 x 10'
cells/100 pl/well) and HT-2 (lo' cells/100 pl/well) were incubated with indicatedconcentrations of 5A2 (U
5A2
)
Fab
,[W),
7D4 (A-A),
or
7D4 Fab (A-A)
at 4°C for 1 hr. '=I-labeled IL-2 (0.5 ng/lOO pl/well) was added for another 20min. The reaction was stopped by chilling the cells
and thelUI-labeled IL-2 internalized was determined by treating thecells withacidic RPMI. pH 4. for 2 min.'2sI-labeled IL-2 bound to thecell surface
in the absenceof mAb gave 910 and 2160 cpm for L-14 and HT-2 cells, respectively. For L-14 cells. the inhibition of IL-2 binding Is from 78 to85%
with the different doses of mAb 5A2 and its Fab and7 to 14%with mAb 7D4 and its Fab. For HT-2 cells the inhibition of IL-2 binding is 85 to 95%
with the different doses of mAb 5A2 and its Fab and9 to 13% with the different doses of mAb 7D4 and its Fab. l2'1-labeled IL-2 internalized in the
absence of mAb gave around 500 and 1100cpm for L-14 and HT-2 cells, respectively. Percent inhibition of internalization was calculated as follows:
cpm internalized bound in the
presence of inhibitor - background
cpm internalized bound in the
absence of inhibitor - background

x 100.
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7D4 does notrecognize the IL-2 binding siteand does not
affect IL-2 binding but inhibitsIL-Zinduced T cell proliferation. This inhibitionof proliferation appears to relate
to its ability to inhibit internalizationof IL-2 bound to the
HA-IL-2R. Cleavage of 7D4 into Fab fragments abrogates
these effects without affecting the
specificity. mAb 7D4
because of its pentameric structure probably aggregates
the IL-2R at theT cell surface andtherefore prevents its
internalization.
From our data, we cannot exclude that IL-2 binding
transmits positive signals in the absenceof internalization and that unknown inhibitory effects of mAb 7D4
are responsible for inhibition of T cell growth. However,
this appearsunlikely since 7D4 Fab does not affect T
cell
growth and neither does mAb 2E4 which is a n IgG di20
30
rected against an epitope identical or very close to the
epitope recognized by 7D4 (9, 10).
MINUTES
The experimental model described here permits the
Figure3. Kinetics of IL-2 internalization. L-14 (5 x IO5 cells/well) in
on IL-2 binding from
RPMI-HEPES were incubated with 0.5 ng of '2'l-labeled IL-2 at 4°C for 1 dissociation of the events dependent
h r followed byincubation at 37'C for varying periods of time. At indicated
the events that follow internalization of the HA-IL-2R/
times following incubation, the cells were immediately put in chilled
RPMI-HEPES (pH 7.0) and centrifuged. The cells werethen treated either IL-2 complex. Although IL-2 binding in the presence of
7D4 is not followed by T cell growth, other early events
with RPMI (pH 7) or RPMI (pH 4) for 2 min. lUI-labeled IL-2 internalized
inside the cells was determined as described in Materials and Methods.
may occur such as RNA synthesis. IL-2R phosphorylation
(16, 17). modulation of adenylate cyclase activity (18).or
proliferation: 2) IL-2 internalization byHA-IL-2R is an translocation of protein kinase C (19) as had been obessential step in transductionof the growth signal: and served in other systems. In the epidermal growth factor
3)mAb can block IL-2-induced T cell growth either by (EGF)model, it has been shown that cross-linking of the
blocking IL-2 binding or by preventing HA-IL-2R inter- membrane surface receptor by concanavalin A blocks
nalization, probably by aggregating these receptors at the receptor internalizationand mitogenic effects of EGF but
does not affect early events such
as RNA synthesis (20).
T cell surface.
The results obtainedwith mAb 7D4 and 5A2 delineate
Most of the results of this report are derived from the
study of the effects of mAb 7D4 and its Fab fragment some specific features of the IL-2R model. During the
which are specific for the p55 subunitof the IL-2R. mAb process of signal transduction, surface aggregation of
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specific membrane receptors has been observed (21). In
the EGF model, this intermediate stage before internalization seems essential. Fragments of EGF not able to
induce aggregation of the receptor do not lead to any
signal transduction. However, exposure of cells to EGF
fragments in the presence of multivalent antibody specific for the EGF fragments restoresboth the capacity to
aggregate the receptor and to mediate biologic effects (21).
It is noteworthy that 7D4 probably causes some aggregation of the IL-2R because of its pentameric structure
but this does not induce any mitogenic signal (15). On
the contrary, by blocking IL-2 internalization, 7D4 affects the process
of signal transduction.In various membrane receptor systems like EGF (22). specific biologic
effects including mitogenesis can be mimicked successfully by binding of monoclonal or polyclonal antibodies
under appropriate experimental conditions.In these systems,therefore, the receptor alone is responsible for
signal transduction and the hormone is not absolutely
required either at the surface or inside the cells. In the
IL-2R system, none of the mAb studies to date, even
those specific for epitopes related to the IL-2 binding site,
can replace IL-2 (10, 15). Occupancy of the IL-2 binding
site or of a related area by 5A2 or by its Fab fragment
failed to induceany signal for the growth or the activation
of T cells (15).Therefore, despite the fact that we have
shown that internalization of IL-2 bound to HA-IL-2R is
required for T cell growth, the respective roles of IL-2 and
its receptor inside cells remain to be established. IL-2
may be itself necessary ormay be involved only in receptor internalization and the lattermay be the active molecule inside the cell.

