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ABSTRACT: A murine monoclonal antibody, CP.B8, specific for the extracellular portion of the human
commony (y¢) chain, and its Fab fragment are shown to block the binding of IL-2 to COS-7 cells transfected
with the cDNA for the full-length IL-2 receptof (IL-2R/3) andy. chains, components which together
comprise the intermediate affinity IL-2 receptor (IL-2R) expressed on the surface of resting T cells, NK
cells, and on certain intestinal epithelial cells. To investigate the mechanism of this inhibition, the
extracellular portions of the IL-2Rand y. chains were expressed and purified, and their interactions
with each other and with IL-2 were studied by gel filtration and by surface plasmon resonance (SPR).
By gel filtration, a stable ternary complex was formed by association of the three proteins, while no
stable binary complexes were detected between any two of the three proteins. By SPR analysis, IL-2
was shown to associate rapidly with IL-BRforming a binary complex with an equilibrium dissociation
constant Kq) of 800 nM, which permitted subsequent association ofjthehain. Dissociation of the
IL-2/IL-2RB/y. chain complex was significantly slower than dissociation of the IL-2/Il32Remplex.

Using these model systems, we tested the ability of mAb CP.B8 to inhibit the associationygtctiean

with IL-2 and IL-2R3. By gel filtration, mAb CP.B8 formed a stable complex with thechain, preventing

its association with IL-2 and IL-2R MAb CP.B8 was also capable of dissociating theehain already
complexed with IL-2 and IL-2R. SPR analysis confirmed these findings and showed, in addition, that
the Fab fragment of CP.B8 was also capable of inhibiting the association ¢f tein with the 1L-2/
IL-2R complex. We conclude that mAb CP.B8 blocks the second step in the formation of the intermediate
affinity IL-2R on the surface of transfected COS-7 cells by binding at or close to a region gacthain

that is involved in contact with IL-2 and/or IL-2R

The receptors for the cytokines IL-2, IL-4, IL-7, IL-9, and  (1—6) which was first identified as the third subunit of the
IL-15 share a component called the commofy.)* chain IL-2R (1). They.chain is expressed on CD4nd CD8 T
cells (7—9), B cells (7), NK cells (7, 8), monocytes 7),

* Corresponding author. E-mail: darren_baker@biogen.com.

1 Abbreviations: PBS, 1.5 mM KO, 8.1 mM NaHPO,, pH 7, surface plasmon resonance; RU, resonance units; PBMC, peripheral
2.7 mM KCI, and 138 mM NacCl; HBS, 10 mM HEPES, pH 7.4, 150 blood mononuclear cells; PHA, phytohemagglutinin; PTH, phenylth-
mM NacCl, and 3.4 mM EDTA, IL-2, interleukin-2; IL-2R, interleukin-2  iohydantoin; cpm, counts per minute; MOI, multiplicity of infection;
receptor;y. chain, commony chain; yuis, His-tagged extracellular SDS-PAGE, sodium dodecy! sulfatgolyacrylamide gel electro-
portion of the commory chain; BSA, bovine serum albumin; SPR,  phoresis; FCS, fetal calf serum; CTL, cytotoxic T lymphocytes.
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neutrophils 10), bone marrow, and cord blood CD34 Here we report that the binding of IL-2 to the intermediate
progenitor cells 11), as well as on dendritic cell4?) and affinity IL-2R on the surface of COS-7 cells can be blocked
on certain intestinal epithelial cell$g). The mature protein by a mAb, CP.B8, directed against the extracellular portion
is a 347 amino acid residue, type | integral membrane protein, of the y. chain. We have characterized the interactions of
and is a member of the hematopoietic receptor superfamily the extracellular portions of the IL-ZRandy. chains with

(14). The extracellular portion of thg. chain contains two  each other and with IL-2 using gel filtration and SPR, and
fibronectin type lll-like domains which, in addition to being we have used these systems to establish the mechanism by
involved in cytokine binding, may also play a role in cell which mAb CP.B8 inhibits complex formation.

adhesion and signaling through activagdintegrins (5).

The importance of the. chain as a functional constituent EXPERIMENTAL PROCEDURES

of multiple interleukin receptors is underscored by the
severity of immunodeficiency often associated with mutations
in the y. chain gene 16, 17). The resulting syndrome,
X-linked severe combined immunodeficiency (XSCID), is
characterized by the absence, or presence of only very low
levels, of T and NK cellsX8). Mutations found in patients
with XSCID occur in both the extracellular and cytoplasmic
portions of the protein, resulting in impaired cytokine binding
and/or in cytokine-mediated signal transductidr, (19—

23). In addition to the role that thg; chain plays in thymic
development24, 25), the protein is also required for mature
T cell proliferation @).

Of the y. chain-dependent cytokine receptors, the IL-2R
is the most studied. On antigen-activated T cells, high- ; . S .
affinity binding of IL-2 (Ks = 10 pM) (26) is dependent Hc—:(l&dmthylam&nopgopyl)cagﬁ;\;d||m|(|1e, and ethanolamine-
upon the association of the IL-2RIL-2Rp3, andy. chains, were purchased from core inc.
while signal transduction, mediated by the activation of JAk1 ~ Human [AJIL-2 was purchased from New England
and JAK3 kinases5), is dependent specifically upon the Nuclear._ Recombinant human .IL—2_, purified and refolded
association of the cytoplasmic portions of the IL2Bnd @S described37, 38), and the derivative of the pBlueBac I
ye chains R7—29). By contrast, the functional IL-2R on baculovirus expression vector encoding the cDNA for the
resting T cells is the intermediate affinity compldgy(= 1 extracellular portion of the human IL-ZRchain @9) were
nM) (26) formed by the constitutively expressed IL-2Bnd kindly provided by Dr. Thomas Ciardelli, Dartmouth Medical
y. chains without participation of the IL-2Rchain. While Schooal.

IL-2 alone cannot promote proliferation of resting T cells ~ Antibodies The murine 1gG isotype control MOPC 21
(30), binding of IL-2 to the intermediate affinity IL-2R has Was purified from a hybridoma culture supernatant using
been shown to protect resting T cells from radiation-induced Protein A Fast Flow Sepharose (Pharmacia, Piscataway, NJ).
death 81). Moreover, both IL-4 and IL-7, whose receptors The murine IgG anti-humany. chain mAb CP.B840) was
utilize they. chain, also protect resting T cells from radiation- prepared under contract by Berkeley Antibody Co. (Rich-
induced death, while IL-1, IL-3, and IL-6, whose receptors mond, CA) from mouse ascites fluid, and was purified by
do not utilize they. chain, are not protectiv@(). In addition ~ Protos Immunoresearch (San Fransisco, CA) using Protein
to its role on resting T cells, the intermediate affinity IL- A Fast Flow Sepharose (Pharmacia). The murine anti-human
2RBly. complex is the functional IL-2R on NK cells32, IL-2Rf chain mAb 18741D was purchased from Pharmingen.
33) and on certain intestinal epithelial cells3). Expression and Purification of the Extracellular Portion

Since the intermediate affinity IL-28y. complex is an of the Human IL-2R Chain The soluble, extracellular
important form of the IL-2R, not only in itself but also as portion of the human IL-2R chain, truncated at the junction
the core signaling unit of the IL-2RIL-2R/y high-affinity between the extracellular and transmembrane portions [resi-
complex, it was of significant interest to determine whether dues +214 of the published sequenctl)], was expressed
the function of the receptor could be inhibited by specifically in Trichoplusia ni(High Five) insect cells. A 6.4 L culture
blocking the association of thg. chain with the IL-2F8 of cells grown to a density of 2.6 10° cells/mL in Sf900
chain in the presence of IL-2. Although a small molecule Il medium at 28°C was infected with the derivative of the
inhibitor based on the structure of IL-2 has been shown to pBlueBac Il (Invitrogen, Carlsbad, CA) baculovirus expres-
inhibit the association of IL-2 with the IL-2& chain 34) sion vector encoding the IL-2RcDNA at a multiplicity of
and mADbs directed against the IL-@Rhain are undergoing infection (MOI) of 5 virions/cell. Fresh Sf900 Il medium
clinical investigation as immunosuppressar8gs, 36), an- (1.5 L) was added at the time of infection, and the culture
tagonists of this type are expected to block the function of was harvested 48 h postinfection. Cells and debris were
only a single cytokine since they are targeted against eitherremoved by centrifugation, the cell-free supernatant (8.6 L)
the cytokine itself or against the cytokine-specific receptor was mixed with 344 mL of 0.5 M N&IPQ,, pH 8.6, to adjust
chain. By contrast, antagonists directed against chains whichthe pH to between 6 and 7, and the protease inhibitors
are shared between cytokine receptors raise the possiblityAEBSF, benzamidine, leupeptin, aprotinin, and pepstatin
of more effective immunomodulation since they would be were added to final concentrations of 208, 1 mM, 10
expected to simultaneously block the action of multiple uxg/mL, 10ug/mL, and 1ug/mL, respectively. The super-
cytokines. natant was then filtered through a 04 filter before being

Materials. Tris, mono- and disodium hydrogen phosphate,
and EDTA were purchased from Fisher Scientific; Sf900 I
serum-free insect cell medium was purchased from Life
Technologies Inc.; Ni-NTA agarose was purchased from
Qiagen; cyanogen bromide-activated Sepharose 4B, imida-
zole, leupeptin, benzamidine, and pepstatin were purchased
from Sigma; aprotinin and protease-free (fraction V) BSA
were purchased from Boehringer Mannheim; HEPES was
purchased from U.S. Biochemicals; AEBSF was purchased
from Calbiochem; disuccinimidyl glutarate, immobilized
papain, and cysteine-HCl were purchased from Pierce
Chemical Co.; CM5 sensor chips, surfactant P20, amine
coupling reagents containimg-hydroxysuccinimideN-ethyl-
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concentrated to 600 mL by ultrafiltration with a S1Y10 spiral
membrane cartridge (Amicon, Danvers, MA). The concen-
trate was stored at-70 °C. Typically, the protein was
purified from 40 mL of the concentrated medium by affinity
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GTGATGATGGTGGTG 3). The ligated DNA was di-
gested with the restriction endonucledsetl and purified

by electrophoresis in 1% low melting point agarose. The
excised band was treated withagarase (FMC, Rockland,

chromatography using a 1.4 mL column of Sepharose 4B to ME) and ligated to the vector pCH250, a derivative of

which the murine anti-human IL-ZRmAb 18741D had been
coupled at a density of 6.2 mg of antibody/mL of swollen
gel. The bound IL-2R was eluted with 0.2 M acetic acid,
pH 3, 0.2 M NaCl, and collected as 8@ fractions into
tubes containing 20Q«L of 0.1 M Tris-HCI, pH 9, to
neutralize the acidity. Fractions identified as containing the

pCDM8 (42), at the uniqueNotl site to produce plasmid
pCH254. For expression in insect cells, plasmid pCH254
was digested witiNotl and the 0.8 kb fragment containing
the yuis CONA was recovered by FMC spinbind purification
and ligated intoNotl digested and phosphatase-treated
pFastBac | (Life Technologies Inc., Gaithersburg, MD).

protein by absorbance measurements at 280 nm and byRecombinant Bacmid DNA was prepared and transfected into

reducing SDS polyacrylamide gel electrophoresis (SBS

PAGE) were pooled, dialyzed extensively against phosphate-

buffered saline (PBS)concentrated to approximately 1 mg/
mL, filter sterilized, and stored at 4C. The N-terminal
sequence, AVNGTSQFT(C)FYNSR, agreed with the pub-
lished sequencel(), although Cys at position 10 could not
be identified since the protein was not modified prior to
sequencing.

Cloning, Expression, and Purification of the Extracellular
Portion of the Humany. Chain The DNA sequence
encoding the extracellular portion of the humgnchain,

Spodoptera frugiperddéSf9) cells according to the manu-
facturer's recommendations. High titer baculovirus stocks
were subsequently prepared by infection of Sf9 cells.

The protein was expressed in High-Five insect cells. A
36 L culture of cells grown to a density of 2x1 10° cells/
mL in Sf900 Il medium at 28°C was infected with the
pFastBac | baculovirus containing thais CONA at a MOI
of 3.5 virions/cell. Fresh Sf900 Il medium (2 L) was added
at the time of infection, and the culture was harvested 44 h
postinfection. Cells and debris were removed by filtration
through 0.5 and 0.2Zum filters connected in series, then

truncated at the junction between the extracellular and sodium azide and the protease inhibitors AEBSF, benzami-

transmembrane portions [residues2b4 of the published
sequencel)], with a hexahistidine tag at the C-terminus
(referred to hereafter aguis), was cloned from a Jurkat
cDNA library by screening with oligo 310-09 which is
antisense to nucleotides 59820 of the humary. chain gene

dine, leupeptin, aprotinin, and pepstatin were added to final
concentrations of 0.05%, 200M, 1 mM, 10ug/mL, 10ug/

mL, and 1ug/mL, respectively. The cell-free supernatant
was then concentrated 3 L by ultrafiltration with three
S1Y10 spiral membrane cartridges (Amicon) connected in

(Genbank accession number D11086). Two clones wereseries. The concentrate was stored-&0 °C. Typically,

sequenced and both were found to @avT atposition 673

the protein was purified from 800 mL of the concentrated

instead of a C; therefore, the protein has a methionine atmedium by first dialyzing against 50 mM NaPO;, pH 8,

position 220 instead of a threonine as publishdd. (
However, this encoded form of the chain is functionally
competent as measured by its ability to mediate high-affinity
IL-4 binding when cotransfected into COS-7 cells with the
IL-4Ra chain, resulting in &g of 200 pM 4 100 pM? an
affinity approximately 3-fold higher than that mediated by
the IL-4Ra chain alone and in agreement with published
results 8). In addition, the encodeg. chain mediated
IL-2 binding when cotransfected with the IL-ZRchain
with a Ky of approximately 1 nM 40), also in good
agreement with published resuls]. One of these clones,
4A1, was used for production of the His-tagged construct.
The His-tagged construct was cloned by PCR with primer
310-08 (5 GCGGCCGCGAAGAGCAAGCGCCATGT-
TGAAGCCATC 3) and phosphorylated primer 310-30 (5
ATTCTCTTTTGAAGTATTGCTCCC 3), using 100 ng of

0.5 M NaCl, and 20 mM imidazole, centrifuging to remove
insoluble material and then loading the supernatant onto a
45 mL (2.6 cm internal diameter 8.5 cm) column of Ni*-
NTA agarose equilibrated with 50 mM MNdaPO,, pH 8, 0.5

M NaCl, and 20 mM imidazole. Once loaded, the column
was washed with 1050 mL of the equilibration buffer before
the bound proteins were eluted with a linear 20 to 250 mM
imidazole gradient (total volume 500 mL) in 50 mM Na-
HPQ,, pH 8, and 0.5 M NaCl. Fractions identified as
containingywis by reducing SDSPAGE were pooled and
dialyzed extensively against 40 mM N#&#PO,, pH 7.5.
Highly aggregated forms ofyis were then removed by gel
filtration through two Superdex 200 HR 10/30 columns
(Pharmacia) connected in series at 0.4 mL/min in either PBS
or HEPES buffered saline (HBS)depending on whether
the protein was to be used for gel filtration or SPR

clone 4A1 as the template. PCR was carried out using 2.5experiments, respectively. The gel filtergds was stored

units of cloned pfu DNA polymerase (Stratagene, La Jolla,
CA) with the buffer provided and 30 pmol of each primer.
Thirty cycles of 94°C for 1 min, 56°C for 1 min, and 72
°C for 2.5 min were carried out in a Perkin-Elmer Cetus
(Norwalk, CT) DNA Thermocycler. The resulting 784 bp
PCR product was purified on FMC (Rockland, ME) spinbind
and ligated to 12.5 pmol of His-tag adaptor formed by
annealing phosphorylated primer 310-31GACCACCAT-
CATCACCACTAGC 3) and 310-032 (5GGCCGCTAGTG-

2Whitty, A., Raskin, N., Olson, D. L., Borysenko, C. W., Benjamin,
C. D., and Burkly, L. C. (1998) Interaction affinity between cytokine
receptor components on the cell surface (submitted for publication).

at 0.2 mg/mL in either buffer at-70 °C.

Protein Concentration DeterminationThe concentration
of IL-2RS was determined from absorbance measurements
at 280 nm using a molar absorption coefficient of 58 200 L
mol~t cm™?, which was calculated from amino acid analysis
data. The concentrations @fiis and IL-2 were determined
using the predicted molar absorption coefficients of 61 450
L mol~t cm™t and 9650 L mot* cm™, respectively 43).
For the various mAb and Fab fragments, extinction coef-
ficients of 214 500 L moit cm~t and 76 500 L moit cm™1,
respectively, were used4).

N-Terminal SequencingThe N-terminal sequence of IL-
2R3 andyis were determined using a model 470A gas-phase



14340 Biochemistry, Vol. 37, No. 41, 1998

sequencer (Applied Biosystems, Foster City, CA). Protein
(200 pmol) was loaded directly and the resulting PTH-amino

Baker et al.

nescent reagents (Amersham, Cleveland, OH) according to
the manufacturer’s instructions.

acids were analyzed on-line using a model 120A amino acid Gel Filtration Analysis of the Interaction between MAb

analyzer (Applied Biosystems) fitted with a;43(2.1 mm
internal diametex 220 mm) reversed-phase HPLC column.

Analysis of the Binding of IL-2 to COS-7 Cells Transfected
with the cDNA Encoding the Full-Length IL-2Rand y.
Chains COS-7 cells (10in 0.8 mL of 20 mM HEPES, 0.7
mM NaHPQ,, pH 7.05, 137 mM NacCl, 5 mM KCI, and 6
mM dextrose) were transfected by electroporation with 20
ug each of the derivatives of the pCDM82) expression
vector pLB009 and pLB026 which carry the full-length
cDNA of the IL-2R5 andy. chains, respectively. Binding
of [*29]IL-2 to the transfected cells was determined 48 h
posttransfection. Cells (& 10°) were preincubated in 150
uL of PBS containing 1% fetal calf serum (FCSyfbh at

CP.B8 andynis. For gel filtration experiments designed to
investigate the interaction of mAb CP.B8 with;s, 115 pmol
(0.77 uM) of mAb CP.B8 orynis monomer, either alone or

in combination, were incubated for 30 min at room temper-
ature, and then 77 pmol were removed and gel filtered
through two Superdex 200 HR 10/30 columns connected in
series at 0.4 mL/min in PBS.

For gel filtration experiments designed to investigate the
inhibition of formation of the IL-2/IL-2F8/ynis complex by
mAb CP.B8, 200 pmol of1is monomer and 1 nmol of mAb
CP.B8 were incubated for 30 min at room temperature, and
then 200 pmol of IL-2 and IL-2R were added. After a
further 30 min incubation at room temperature, 158 pmol of

4 °C in the absence or presence of mAb CP.B8 or its Fab IL-2, IL-2Rj, and ynis monomer and 796 pmol of mAb

fragment or the murine Ig{Gisotype control MOPC 21 or
its Fab fragment. 1PH]IL-2 (2.1 x 10 Bg/mol) was then
added to a concentration of 1 nM, and the cells were
incubated for a furthel h at 4°C. The cells were then
washed twice with 2 mL of PBS containing 1% FCS, and
the amount of bound radioactivity was determined by
counting in a Wallac (Gaithersburg, MD) 1470 gamma
counter. The data were corrected for nonspecific IL-2
binding by deducting the amount of bound counts from a
sample which contained 1 nN?fi]IL-2 and a 100-fold molar
excess of nonradioactive IL-2.

Gel Filtration Analysis of the Formation of the IL-2/IL-
2Rb/ynis Complex To investigate the formation of the IL-
2/1L-2RpB/ynis complex, 200 pmol (1.5&M) of IL-2, IL-
2RB, yuis monomer, oryys dimer, either alone or in
combination, were incubatedrfd h atroom temperature

CP.B8 were removed and gel filtered through two Superdex
200 HR 10/30 columns connected in series at 0.4 mL/min
in PBS. In other experiments designed to investigate the
ability of mAb CP.B8 to bind toyns monomer already
complexed with IL-2 and IL-2R, 200 pmol of IL-2, IL-
2Rg, andyuis monomer were incubated for 30 min at room
temperature, and then 1 nmol of mAb CP.B8 was added.
After a further 30 min incubation at room temperature, 158
pmol of IL-2, IL-2R3, andyuis monomer and 796 pmol of
mAb CP.B8 were removed and gel filtered as described
above.

Preparation of Protein Reagents for SPRrior to SPR
analysis, IL-2 was dialyzed extensively against HBS and
centrifuged to remove insoluble material. The mAb CP.B8
and MOPC 21 were gel filtered through two Superdex 200
HR 10/30 columns connected in series at 0.4 mL/min in HBS

and then 158 pmol was removed and gel filtered through to exact a buffer change and to remove aggregated material.
two Superdex 200 HR 10/30 columns connected in series atThe Fab fragments of CP.B8 and MOPC 21 were generated
0.4 mL/min in PBS. The effluent was monitored at 280 nm, by digestion of the intact antibodies with immobilized papain

and the columns were calibrated with gel filtration standards in 20 mM NaHPO,, pH 7, 10 mM EDTA, and 20 mM
(Bio-Rad) containing BSA as an additional standard. Plots cysteine-HCI, at 37C for 6 h. The undigested antibody

of elution time versus logV; for the standards typically
yielded straight lines with correlation coefficients Rf =
0.97-0.99. Fractions (50QuL) were collected and the
location of IL-2R3 determined by Western dot-blot analysis.
Samples (5QuL) of selected gel filtration fractions were
applied under vacuum to 0.48n nitrocellulose filters (Bio-
Rad) in a 96-well dot-blot chamber (Bio-Rad). The loaded

and the cleaved Fc fragment were removed by passing the
sample over a column of Protein A Fast Flow resin
(Pharmacia). The flow through, containing the Fab fragment,
was dialyzed extensively against PBS, concentrated, and then
the Fab fragment was purified further by gel filtration in
HBS as described above. The fidelity of the Fab fragments
was confirmed on calibrated reducing and nonreducing

nitrocellulose was removed from the chamber and blocked SDS-PAGE gels.

overnight with 20 mM Tris-HCI, pH 7.2, 150 mM NacCl,
2% nonfat dry milk, and 0.05% sodium azide. To detect
IL-2Rp, blots were incubated fol h in 20 mM Tris-HCI,

pH 7.2, 150 mM NacCl, 2% nonfat dry milk, 0.5% Tween
20, and 0.05% sodium azide, containingufy/mL mAb
18741D. After washing the blots with 4 5 min washes of
20 mM Tris-HCI, pH 7.2, 150 mM NacCl, and 0.5% Tween
20 (buffer A), followed by 5x 5 min washes with 20 mM
Tris-HCI, pH 7.2, and 150 mM NaCl (buffer B), the bound
mAb 18741D was detected by incubating the blots for 1 h
in 20 mM Tris-HCI, pH 7.2, 150 mM NacCl, 2% nonfat dry
milk, and 0.05% sodium azide, containing a 1:1000 dilution
of HRP-conjugated goat anti-mouse IgG (Bio-Rad). After
washing the blots with 5 5 min washes of buffer B
followed by a final rinse with 10 mM Tris-HCI, pH 7.2, the
blots were developed and visualized with ECL chemilumi-

All protein reagents except IL-2Rwere formulated at the
desired concentrations in HBS containing 0.005% surfactant
P20 and 0.1 mg/mL BSA. BSA was included to reduce the
bulk refractive index difference between the sample and the
running buffer 45).

SPR Analysis of the Formation of the IL-2/IL{2Ruis
Complex All SPR experiments were carried out using a
BlAcore 2000 instrument (BlAcore Inc., Piscataway, NJ) at
a flow rate of 10uL/min. Pure IL-2R8 was coupled
covalently to the CM5 chip as follows. The CM5 chip
surface was first activated witN-hydroxysuccinimideM-
ethylN'-(3-diethylaminopropyl)carbodiimide (3530 uL),
and then IL-2® (20—50 uL) diluted to 20-30 ug/mL in
10 mM acetic acid, pH 4, was injected. Unreacted groups
on the chip were then blocked with ethanolamine-HCH30
35uL). In such a manner, surface densities of between 4457
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and 6999 resonance units (RU) were generated. Following 6000

several rounds of regeneration with 1 mM formic acid (20 5000 | . o
uL) to establish a reproducible and stable baseline, samples e I
of IL-2 and ynis Were injected over the surface, either alone 40001 i

or in combination, in HBS containing 0.005% P20 and 0.1 Z 30004
mg/mL BSA. Time courses (“sensorgrams”) were recorded ©
and normalized to a baseline of 0 RU, and equivalent
volumes of all samples were run simultaneously over a blank, 1000-
(i.e., nonprotein, blocked) surface to allow deduction of
nonspecific, bulk refractive index changd$). The surface
was regenerated between samples by injecting 1 mM formic -
acid (20uL), followed by reequilibration with HBS contain- [Antibody] (ng/ml)

ing 0.005% P20 and 0.1 mg/mL BSA. Data were analyzed Ficure 1: Inhibition of the binding of 124]IL-2 to COS-7 cells
using the BlAevaluation 2.1 software supplied with the expressing the full-length IL-2Rand y. chains by mAb CP.B8
instrument. Data for the binding of IL-2 alone to the chip @and its Fab fragment. COS-7 cells transfected with cDNA encoding

; : ) : : the full-length IL-2R3 andy. chains were incubated with various
showed, at high concentrations of IL-2, a slight drift of concentrations of mAb CP.B3®j or its Fab fragment), the

<0.022 RU/s in the signal observed at equilibrium. The size myrine 19G isotype control MOPC 21Q), or its Fab fragment
of the burstin RU, corresponding to the equilibrium binding (d), and the amount of'$3]IL-2 bound to the cells determined
at each concentration of IL-2, was determined by a linear as described in the Experimental Procedures. The data for mAb
extapolaton of he data far=20-150 s back ta = 0~ SRE% a1 6 Fan fegmert ware Heee i« o paremoe
(wheret = 0 is the 'mecuon time). This correction never the absence of antibody set at 4125 CPpM as determined experi-
exceeded 1% of the signal observetiat20 s. Sensorgrams  mentally.
for the binding ofyuis to the chip in the presence of IL-2
showed an initial burst in RU followed by a slower phase  Figure 1 shows that both mAb CP.B8 and its Fab fragment
of binding. Data for the slower phase deviated systematically specifically inhibited the binding of 1 nM*3]IL-2 to the
from a single exponential, but an improved fit was obtained surface of the transfected cells. This concentration of IL-2
by allowing for a linear drift in the signal of 0.016 RU/s, was chosen since it equals tkg for the binding of IL-2 to
similar in magnitude to that observed in data for the binding the IL-2R3/y. complex @6). At a concentration of 300g/
of IL-2 alone. This drift could not be eliminated by changing mL (2 M), mAb CP.B8 blocked 92% of IL-2 binding, while
the experimental conditions, nor could the cause of this at 300 ug/mL (6 uM), its Fab fragment blocked 88% of
additional slow association be established, although it is binding. The IGo values were 0.4g/mL (2.7 nM) for the
likely to be due to the nonspecific binding of IL-2 and/or intact antibody and 16g/mL (300 nM) for the Fab fragment.
yuis to the chip. For each combination of IL-2 angs By contrast, neither the murine Ig@&otype control MOPC
concentrations, the data fromm= 10—600 s after injection 21 nor its Fab fragment yielded significant inhibition at these
were fitted to an exponential equation with allowance for concentrations.
drift, offset from 0 RU by an amount corresponding to the  Characterization of Recombinant Solulpigs. The ability
size of the initial burst. The size of the initial burst was of mAb CP.B8 and its Fab fragment to inhibit the binding
given by the offset, and the amplitude of the slow phase of of IL-2 to the intermediate affinity IL-2R on the surface of
binding was determined from the exponential component of transfected COS-7 cells suggested that it functioned by
the fit. blocking a critical site on the. chain required for interaction
For the inhibition of IL-2/IL-2R5/y4is complex formation ~ With IL-2 and/or IL-2R5. To define this mechanism at the
by either mAb CP.B8 or MOPC 21, or by their respective molecular level, we prepared the individual components and
Fab fragments, the antibodies were preequilibrated with IL-2 tested the ability of mAb CP.B8 to inhibit complex formation
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andy s for 15 min prior to injection over the IL-2Rsurface.  in solution. _ o
Purification ofyys on Ni?"-NTA agarose as described in
RESULTS the Experimental Procedures typically resulted in prepara-

tions which were>95% homogeneous as judged by reducing

MAb CP.B8 and Its Fab Fragment Inhibit the Formation SDS-PAGE. The N-terminal sequence, L(N)T(T)ILTP-
of the Intermediate Affinity IL-2R on the Surface of Trans- NGNEDT(T)ADFFL, agreed with the published sequence
fected COS-7 Cells MAb CP.B8, an antibody directed (1), although Asn at position 2 and Thr at positions 4 and
against the extracellular portion of the humachain, has 15 could not be identified. The apparet; of yuis on
been shown to inhibit the IL-2-dependent proliferation of calibrated reducing SDSPAGE gels 1, = 49 000+ 0, n
freshly isolated human peripheral blood mononuclear cells = 5) was significantly greater than the predicted mass based
(PBMC) when cultured with allogeneic targets, and to inhibit on the amino acid composition aloné( = 28 186),
the IL-2-dependent proliferation of PHA-activated T cells indicating that at least some of the six predicted glycosylation
by blocking the high-affinity bindingyq = 10 pM) of IL-2 sites (L) were occupied. Althoughyis ran as a single band
to the IL-2RW/IL-2RpB/y. complex @0). We carried out  on reducing SDSPAGE, gel filtration through a Superose
experiments to determine whether the antibody similarly 6 HR 10/30 column indicated that, under native conditions,
inhibited binding of IL-2 to the intermediate affinity IL-2R,  the protein formed two prominent species with appahnt
using, as a model system, COS-7 cells which were trans-values of 42 800 and 1.2 1(°, as well as more highly
fected with the cDNA for the full-length IL-2R and y. aggregated forms, the largest of which eluted close to the 4
chains. x 10" M, exclusion limit of the column. Therefore, it
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appeared thatyys existed primarily as monomeric and When tested separately, IL-2 ran as a single peak with an
trimeric species. However, cross-linking with disuccinimidyl appareni, of 12 200 (Figure 2A), while IL-2R ran as two
glutarate followed by reducing SDSPAGE indicated that  peaks, a major peak with an apparéfitof 30 300 corre-
the cross-linked species was dimeric, with no evidence of a sponding to the monomer and a minor peak with an apparent
trimeric species (data not shown). While we cannot rule M, of 62 200, which was presumably a dimeric form (Figure
out the possibility that the oligomeric form is a trimer but 2B). The apparenil, of monomeric IL-2F8 agreed well
fails to cross-link as such under the conditions used, our with the apparenM, values of 33 400Gt 550 ( = 5) and
assignment of this species as a dimer is in agreement with31 000+ 670 (h = 10) determined on calibrated reducing
Hoffman et al. 47, 48). The anomolous behavior of the and nonreducing SDSPAGE gels, respectively. Prepara-
dimeric form on gel filtration was presumably due to the tions of yu;s that were enriched for the monomeric (Figure
highly glycosylated nature of the protein. 2C) or dimeric (Figure 2D) forms (referred to hereafter as
Initial SPR studies showed that the monomeric form of ynis monomer angy;s dimer, respectively) yielded apparent
yhis Was able to associate with IL-ZRin the presence of M, values of 49 800 and 152 700, respectively. Western dot-
IL-2, but that the dimeric form was largely devoid of activity. blot analysis of the individual components indicated that only
Experiments to find conditions that would minimize the IL-2RS was detected after incubation of the blots with mAb
formation of dimer in theyyis preparation showed that the 18741D followed by HRP-conjugated goat anti-mouse IgG
most important factor affecting the relative amount of dimer (Figure 3). The Western positive material eluted in fractions
was the protein concentration. If the concentration was 34—36, which corresponded to the monomeric form of IL-
maintained at 0.5 mg/mL or higher, the ratio of dimer to 2RS. The dimeric form of IL-2l8 was not detected
monomer typically ranged from 3:1 to 5:1 (w/w). However, presumably because the epitope for mAb 18741D was
by keeping the concentration at no more than 0.2 mg/mL, masked by the dimerization.
the ratio of dimer to monomer could be kept at approximately ~ When tested in pairsiL-2 + IL-2Rj (Figure 2E), IL-2
1:1 (w/w). Attempts were made to separate completely the + yuis monomer (Figure 2F), IL-2R + yuis monomer
dimeric and monomeric forms by gel filtration through two (Figure 2G), and IL-2R + yuis dimer (Figure 2H)-there
Superdex 200 HR 10/30 columns connected in series.was no evidence for any stable complexes between the
However, due to the propensity ¢fis to aggregate even  various proteins since the chromatograms were identical to
after separating the two species and rechromatographing thehe sum of their individual components. Furthermore,
isolated peaks one or two additional times, it was not possible Western dot-blot analysis indicated that the position of IL-
to prepare monomerigyis uncontaminated by the dimeric 2R3 remained essentially unchanged in the presence of either
form. For the gel filtration experiments, preparations which 1L-2, yuis monomer, oryys dimer (Figure 3). However, a
were enriched for the monomeric or dimeric forms)efs stable complex was formed when IL-2, IL-BRand yis
were used, while for the SPR experiments preparations monomer were incubated and run as a mixture under the
containing both forms at a ratio of approximately 1:1 (w/w) same conditions. As can be seen from Figure 2I, the size
were used. of the IL-2R5 peak was reduced significantly in the presence
During the course of the present study, we also expressedof IL-2 andyyis monomer, and a new peak (marked with an
and purified the extracellular portion of the muripechain asterisk), with an apparernl, of 58 400, was formed.
as a His-tagged construct, a protein which is 69% identical Moreover, Western dot-blot analysis clearly demonstrated
at the amino acid sequence level to the human pro#n ( that the position of IL-2R shifted to a higheM; in the
Interestingly, unlike the human protein, muripgs ran on presence of IL-2 angryis monomer since the protein was
gel filtration as a monomeric species with an appakénf detected in fractions 2635 (Figure 3). Although the
49 600 even at a concentration of 0.91 mg/mL, a concentra-complex was larger than either IL-2, IL-BR or Vs
tion at which most of the humapis is dimeric. The ability monomer alone, the apparétwas significantly lower than
to purify monomeric murineryis may prove useful for X-ray  the calculated mass (92 300) for a 1:1:1 stoichiometry of
crystallography studies aimed at determining the structurethe three gel filtered components. However, neither the
of the murine IL-2/IL-2F8/y. complex, or of other cytokine  mixture containing IL-2+ IL-2Rf (Figure 2E) nor IL-2[8
receptor complexes which utilize the chain. + vuis monomer (Figure 2G) resulted in a shift in the position
Detection of a Stable Complex between IL-2 and I|32R of IL-2Rj to a higherM,, indicating that the complex
by Gel Filtration Is Dependent upopuis. TO investigate observed in Figure 21 and Figure 3 contained all three
the role of yuis in the formation of the IL-2/IL-2R/yuis proteins.
complex, a series of experiments was carried out in which  We also tested the ability of dimerjg;s to form a complex
IL-2, IL-2Rf3, andywis were analyzed by gel filtration, both  with IL-2R/ in the presence of IL-2. Unlike the monomeric
individually and as mixtures of two and three components. form of yuis, Which promoted the inclusion of most of the
The formation of a stable complex was determined not IL-2Rp into a higherM, complex (Figure 2I), dimerig;s
only by comparison of the gel filtration chromatograms, shifted the position of only a small portion of IL-BRleaving
but also by detecting the position of IL-ZRn the elution most of it unassociated (Figure 2J). Indeed, the presence of
profile and any shift in its position due to its inclusion in a a complex in fractions 2426 was not apparent from the
higher M, complex, by Western dot-blot analysis. Control chromatogram itself, but could be detected by the more
samples which did not contain IL-ZRwere also subjected  sensitive Western dot-blot analysis (Figure 3). This result
to Western dot-blot analysis to demonstrate that there wasindicates that while most of dimerigy;s is inactive, a small
no nonspecific cross-reactivity of IL-2 gryis with mAb fraction of the population retains the ability to associate with
18741D and HRP-conjugated goat anti-mouse IgG used tolL-2 and IL-2R3, presumably because the sites involved in
detect IL-2F8. binding to these proteins are not masked by the dimerization.
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The inability of the majority of dimericyns to form a
IAzso nm =0.02 complex with IL-2 and IL-2i8 confirmed our initial

observations using SPR which showed that the dimeric form
was largely inactive.

A N\ MAb CP.B8 Blocks the Formation of the Stable IL-2/IL-
2RB/lyuis Complex Having established that a stable complex
could be formed between IL-2, IL-2R andyuis monomer,
we proceeded to investigate the ability of mAb CP.B8 to
form a complex withyis and to determine the effect of such

B an association on the ability gfyis to interact with IL-2 and
IL-2RA3. When tested alone, mAb CP.B8 ran as a single

- peak with an apparern¥l, of 189 700 (Figure 4A), while
monomericyyis eluted with an appareiM, of 48 000 (Figure

c I\ 4B). For the mixture containing both mAb CP.B8 ang,

two peaks eluted (Figure 4C), one which corresponded to
the free antibody, and a larger peak with an appakéraf

402 000 (marked with an asterisk) which corresponded to a
i,/\v\— complex of the two proteins.
We next tested the ability of mAb CP.B8 to inhibit the
formation of the IL-2/IL-2R5/ynis complex. When mAb

CP.B8 andywis were incubated prior to the addition of IL-2

and IL-2R3, a peak consistent with the complex between

mAb CP.B8 and/yis was detected (Figure 4D, marked with
E an asterisk). Moreover, the size of the IL{2Reak was

- essentially unchanged in the presence of the antibody (see

Figure 2B for comparison), indicating that IL-BRwas

LJ\‘/\JL unable to associate with IL-2 anglis. Similar results were
also obtained when mAb CP.B8 was added after preincu-

bation of IL-2, IL-2R5, andyuis (Figure 4E), indicating that

the antibody could dissociatgyis from the preformed IL-

2/1L-2Rp/ynis complex.
To understand further the molecular mechanisms underly-
ing the association of IL-2, IL-2R and yus and the
G inhibition of complex formation by mAb CP.B8 and to obtain

kinetic and equilibrium data for these processes, we carried

out additional studies using SPR.
SPR Analysis of the Formation of the IL-2/IL{2Ruis
Complex Experiments were performed to study the binding
H of IL-2 andyyis to a BIAcore chip surface to which IL-2R

had been coupled covalently, as described in the Experi-
mental Procedures. Figure 5 shows data for the binding of
* IL-2 to the immobilized IL-2F8. Examination of the
individual sensorgrams (Figure 5, inset) showed that the
: association and dissociation of IL-2 are very fast; both
_— processes are essentially complete within the dead time of
the instrumentiss> 1P Mt s7%, kgiss = 0.8 s'1). Binding

at equilibrium showed a hyperbolic dependence on IL-2
concentration, indicating that the IL-ZRnolecules on the
J chip surface constitute an apparently homogeneous popula-

- - tion of binding sites for IL-2. The binding affinityq =
FIGURE 2. Gell filtration analysis of the formation of the IL-2/IL- 800 nM+ 100 nM, was in good agreement with published
2RBlywis complex. IL-2, IL-2RB, y1is monomer, otyyis dimer (200 values 45). Figure 6 shows sensorgrams for the binding of
pmol, 1.58uM) were incubated, either alone or in combination, 25 ug/mL (890 nM) ywis to the IL-2R53-derivatized chip in

for 1 h atroom temperature, and then 158 pmol was removed and ; ; -
gel filtered through two Superdex 200 HR 10/30 columns connected the presence of various concentrations of IL-2 from 14 to

in series at 0.4 mL/min in PBS. The figure shows (A) IL-2, (B) 3300 nM. Inclusion ofyis resulted in_apparently t_)ipha_SiC_

IL-2RB, (C) y1is monomer, (D)yis dimer, (E) IL-2+ IL-2RB, (F) progress curves for both the association and dissociation
IL-2 + yuis monomer, (G) IL-28 + ywis monomer, (H) IL-2i8 phases of binding, similar to that reported by Johnson et al.
+ yhis dimer, (1) IL-2 + IL-2RS + ynis monomer, and (J) IL-2- (50). The association phase is described by an initial burst

IL-2Rf + yuis dimer. The lines drawn underneath the chromato- S - s :
grams indicate the fractions containing IL{2Rs determined by of binding that is complete within the dead time of the

Western dot-blot analysis. The asterisk in chromatogram (I) marks instrument and which increases in magnitude with increasing
the position of the peak corresponding to the IL-2/ILA2Ryis IL-2 concentration, followed by a slower phase of binding

monomer complex. that is not seen in the absence)gfs (Figure 5, inset). No
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Ficure 3: Western dot-blot analysis of the formation of the IL-2/ILRys complex. Samples (50L) of fractions 15-38 from the gel

filtration runs shown in Figure 2 were applied under vacuum to @m5itrocellulose filters in a 96-well dot-blot chamber and the position

of IL-2Rf detected as described in the Experimental Procedures. The figure shows the scanned images of the dot-blots with a grid overlaid
for clarity. From left to right: wells Ax-A12 = fractions 15-26, and wells B+B12 = fractions 2738. Fractions from the gel filtration

run containing IL-2+ yis monomer (see Figure 2F) were not analyzed by Western dot-blot since neither protein was detected when run
individually.

binding of yuis to the chip was seen in the absence of IL-2 amplitude of the slow phase of binding, estimated as
(data not shown). described in the Experimental Procedures, was observed to
A more detailed analysis using various fixed concentra- increase with increasing IL-2 concentration (Figure 6), as
tions ofywis from 110 to 3550 nM was performed. For each expected ifys is binding to IL-2R8 sites that are already
combination of IL-2 and/yis concentrations, the size of the occupied by IL-2. Moreover, the concentration of IL-2
initial burst was determined by taking data frdm= 10— required to achieve maximal complex formation decreased

600 s and extrapolating it back to the injection time, as ity increasingyys concentration and vice versa. This

descrlbed_ln the Expen_m_e_ntal Procedure_s. This showed thatreciprocal interdependence supports the conclusion that the
the magnitude of the initial burst was independent of the

. : : slow phase of binding represents the formation of an IL-2/
yHis cOncentration and, for a given IL-2 concentration, was IL-2RB/y14 complex on the chip. The maximum amplitude
comparable to the rapid binding seen in the absenggof VHis P P P

(Figure 5, inset). This result suggested that the initial burst of the slow phase of binding, extrapolated to saturating

was due to the rapid binding of IL-2 to free IL-ZRites on concentrations of IL-2 ‘find'*‘s' was only about half t_haF
the chip and showed this process to be unaffected by the€Xxpected from the maximum RU observed for the binding

presence ofys. The gel filtration experiments described ©f IL-2 alone, suggesting that only about half of the sites
above established that IL-2 apgs do not interact detectably ~ that could bind IL-2 were capable of subsequently binding
in solution under these conditions. Thegs-dependentslow  7His- Although the several complicating features of the SPR
phase of binding was therefore interpreted to represent thedata precluded a more detailed analysis of the binding
slow association of;s to the chip surface after the rapid kinetics, taken together the results show that IL-2 apg
equilibration with IL-2. In support of this conclusion, the bind to IL-2R3 on a BlAcore chip surface to form a complex
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Ficure 5: SPR analysis of the binding of IL-2 to immobilized
IL-2Rp. IL-2 in HBS containing 0.005% P20 and 0.1 mg/mL BSA
was injected at 1L/min over a chip derivatized with 5307 RU

of covalently coupled IL-2R. The main figure shows the measured
RU (after background subtraction) at equilibrium as a function of
the IL-2 concentration. The inset shows the sensorgrams (relative
response in RU after background subtraction versus time) for IL-2
from 30 to 3800 nM (lower to upper curve: 30, 59, 119, 238, 475,
950, 1900, and 3800 nM IL-2).
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Ficure 6: SPR analysis of the binding of IL-2 angys to
immobilized IL-2R3. Samples of HBS containing 0.005% P20, 0.1
mg/mL BSA, yuis (890 nM), and various concentrations of 1L-2
were injected at 1@L/min over a chip derivatized with 6999 RU

of covalently coupled IL-2R. The figure shows sensorgrams
(relative response in RU after background subtraction versus time)
for IL-2 from 14 to 3300 nM (lower to upper curve: 14, 41, 122,
367, 1100, and 3300 nM IL-2).
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Ficure 4: Gel filtration analysis of the association of mAb CP.B8
and ynis monomer. For the association of mAb CP.B8 angl
monomer, 115 pmol (0.72M) of mAb CP.B8 (A), vuis (B), or

both mAb CP.B8 angy;s (C) were incubated for 30 min at room
temperature and then 77 pmol were removed and gel filtered
through two Superdex 200 HR 10/30 columns connected in series
at 0.4 mL/min in PBS. For the inhibition of formation of the IL-
2/IL-2Rf/ynis complex by mAb CP.B8, (D) 1 nmol of mAb CP.B8 " :
was mixe)a with 200 pmol ofis and incubated for 30 min at room mOblhzed IL-2Rp, followed by the subsequent slow associa-
temperature prior to the addition of 200 pmol of IL-2 and ILRR  tion Of yis. ) )

After a further 30 min incubation at room temperature, 158 pmol ~ MAb CP.B8 Blocks the Second Step in the Formation of
of IL-2, IL-2RB, and ynis and 796 pmol of mAb CP.B8 were  the IL-2/IL-2R5/ynis Complex The effect of mAb CP.B8

2, IL-2RB, andyyis were mixed and incubated for 30 min at room s . L
temperature prior to the addition of 1 nmol of mAb CP.B8. After IL-2Rp-derivatized BlAcore chip was assessed by monitoring

a further 30 min incubation at room temperature, 158 pmol of IL- the binding of a fixed concentration Qs (6.25 «g/mL,

2, IL-2RB, andyys and 796 pmol of mAb CP.B8 were removed 220 nM) to the chip in the presence of 2080 nM IL-2 and
and gel filtered as described above. The asterisks in chromatogram®)—15 nxg/mL (0—100 nM) mAb CP.B8. Control experi-

C, D, and E mark the position of the peak corresponding to the yents were run in the presence of the isotype control MOPC
mMAb CP.B8}1is complex. 21, to provide an estimate of any nonspecific effects of
that contains all three components and that this occursmurine IgG on binding. Figure 7A shows that mAb CP.B8
through the initial rapid association of IL-2 to the im- has no effect on the initial rapid association of IL-2 to IL-
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FIGURE 7: SPR analysis of the inhibition gfyis binding to immobilized IL-2[8 in the presence of IL-2 by mAb CP.B8, MOPC 21, and

their respective Fab fragments. (A) Samples of HBS containing 0.005% P20, 0.1 mg/mL BSA, IL-2 (2080,»¥220 nM), and various
concentrations of mAb CP.B8 or MOPC 21 were injected afLOnin over a chip derivatized with 5674 RU of covalently coupled
IL-2Rf. The main figure shows sensorgrams (relative response in RU after background subtraction versus time) for mAb CP.B8 from 0 to
100 nM (upper to lower curve: 0, 0.02, 0.10, 0.39, 6.25, 25, and 100 nM mAb CP.B8). The inset shows the % mgxdeglendent

binding, relative to the binding in the absence of mAb, for MOPC Q1L 4nd mAb CP.B8@®). (B) Samples of HBS containing 0.005%

P20, 0.1 mg/mL BSA, IL-2 (2080 nM)ywis (220 nM), and various concentrations of CP.B8 Fab or MOPC 21 Fab were injected at 10
uL/min over a chip derivatized with 4457 RU of covalently coupled IL52Rhe main figure shows sensorgrams (relative response in RU
after background subtraction versus time) for CP.B8 Fab from 0 to 1200 nM (upper to lower curve: 0, 2.3, 4.7, 9.4, 18.8, 37.5, 75, 150,
300, 600, and 1200 nM CP.B8 Fab). The inset shows the % maximalependent binding, relative to the binding in the absence of Fab,

for MOPC 21 Fab{) and CP.B8 Fabl). Representative results from one of two independent experiments are shown.

2RB , but that increasing concentrations of the antibody shows that inhibition of complex formation by CP.B8 Fab
inhibit the subsequent slow phase of binding. This result is dose dependent, with andC= 150 nM, and exceeds the
indicates that the antibody blocks the associatiogefto small, nonspecific, effect seen with MOPC 21 Fab.

the IL-2/IL-2R5 complex. The inset plot in Figure 7A shows

that inhibition of complex formation by mAb CP.B8 is dose DISCUSSION
dependent, and at concentrations above 10 nM the inhibition The experiments described in this report address the
exceeds the small, nonspecific, effect seen with the controlmechanism of action of mAb CP.B8, an antibody directed
MOPC 21. The concentration of mAb CP.B8 required to against the extracellular portion of the humarchain, which
inhibit binding of yuis to the IL-2/IL-2R3 complex by 50% blocks the binding of IL-2 to the intermediate affinity IL-
(i.e., the 1Go for mAb CP.B8) is between 25 nM and 100 2R expressed on the cell surface. Gel filtration and SPR
nM. However, this value is comparable to the concentration analysis were used to establish the ability of components of
of vuis (220 NM) present in the experiment, and therefore it the IL-2R to form a ternary complex in solution. Using gel
can be interpreted only as an upper limit to the potency with filtration, we demonstrate that the formation of this complex
which mAb CP.B8 inhibits complex formation on the chip. is inhibited by mAb CP.B8. Using SPR analysis, we show
Attempts to refine this limit by working at lowepy;s that both the intact antibody and its Fab fragment block the
concentrations were unsuccessful due to the resulting de-recruitment of they; chain into a complex with preformed
crease in the amplitude of the BIAcore response to levels atIL-2/IL-2RS.

which accurate data could not be obtained. Figure 7B shows Gel filtration analysis indicated that IL-2 did not form a
data from a similar experiment to that shown in Figure 7A stable complex with either IL-2R (Figure 2E and Figure
with the same concentrations of IL-2 apds, but using the 3) or with y4is monomer (Figure 2F and Figure 3) and that
Fab fragment of CP.B8 (660 «g/mL, 0—1200 nM) rather IL-2Rp did not associate withiis monomer (Figure 2G and
than the intact mAb. Like the intact mAb, CP.B8 Fab Figure 3), when the components were mixed in pairs at equal
blocked the slow second phase of binding in a dose- concentrations of 1.58M. Incubation of all three proteins
dependent fashion, while having no effect on the fast initial resulted in the formation of a stable complex with an apparent
association of IL-2 to IL-2R. The inset plot in Figure 7B M, of 58 400 (Figure 2| and Figure 3). Although the shift
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in the position of IL-2F in the presence of IL-2 was the association of the extracellular portions of the IL5G2R
dependent uporyws monomer, the apparentl, of the and y. chains, and thereby their cytoplasmic portions, by
complex was significantly lower than the calculated mass stabilizing the complex and reducing its dissociation. This
(92 300) for a 1:1:1 stoichiometry of the three gel filtered interpretation is consistent with recent fluorescence resonance
components. This anomolous behavior appears tprhe energy transfer studies which show that IL-2 induces a
dependent since the complex formed between IL-2 and IL- significant increase in the proximity of the IL-ZRand y.
2R has been reported to have an apparent mass which ischains on the surface of T cell§k). The IL-2/IL-2R5/y.
consistent with the sum of its two individual components chain complex that forms in solution, which can be analyzed
(39). Similarly, in a gel filtration analysis of the association by gel filtration and SPR, therefore provides a model for
of yuis with IL-4 and the IL-4Rx chain @7, 48), the IL-4/ the intermediate affinity form of the IL-2R that is functional
IL-4Ra/yHis monomer complex had an apparbhtof 72 300, on resting T cells31, 52), NK cells 32, 33), and on certain
some 26 100 mass units lower than the calculated massintestinal epithelial cells1(3).

(98 400) for a 1:1:1 stoichiometry of the three components.  The ability to monitor the formation of the IL-2/IL-2R

By contrast, the IL-4/IL-4R complex had an apparei; yuis complex by gel filtration and SPR has enabled us to
of 50 600, close to the sum of its two individual components use this model system to test potential antagonists that will
(51 800). Although the reason for this discrepancy is not inhibit the recruitment of theg. chain into the complex. Gel
clear, itis possible that the protein(s) undergo conformational filtration analysis indicates that mAb CP.B8 inhibits the
changes upon complex formation, becoming more compactformation of the IL-2/IL-2R5/yis complex by binding to and
and thereby lowering the appareMt of the complex or, sequesteringuis, thus preventing it from associating with

alternatively, association of the glycosylategs chain with IL-2 and IL-2Rg (Figure 4). Moreover, SPR analysis clearly
IL-2 and IL-2Rg results in the sugar chains becoming less demonstrated that both the intact antibody and its Fab
extended which would also lower the appariht Experi- fragment act by preventing the associationygf with the

ments using a deglycosylategs chain would be required  IL-2/IL-2R/ complex (Figure 7). This suggests that the
to address this question. Nevertheless, the fact that thebinding site for the antibody on the. chain is close to or
appareniV, of the IL-2/IL-2RB/ywis complex was not larger  within the contact interface that forms wheg;s binds to
than the calculated mass and that its behavior on gel filtration the IL-2/IL-2R3 complex. While our results do not rule out
was strikingly similar to the IL-4/IL-4&/ywis complex for the possibility that mAb CP.B8 or its Fab fragment bind to

which a 1:1:1 stoichiometry has been establisieti48) is a site distal from the contact interface and elicit a confor-
consistent with a 1:1:1 stoichiometry for the IL-2/IL-2R mational change such thatis can no longer associate with
YHis cOmMplex. the IL-2/IL-2RS complex, our results are consistent with a

Gel filtration analysis established that a stable complex recent epitope mapping study of the chain @0), which
forms between IL-2, IL-2R, andyyis, although the results  indicates that mAb CP.B8 binds to thechain at the junction
cannot be interpreted with reference to the order in which of the two fibronectin type Ill-like domains.
the components associate since no complex was detected SPR analysis of the inhibition of complex formation by
between any two of the three proteins tested. However, it the Fab fragment of CP.B8 also indicates that the antibody
is clear from the SPR analysis that the components of thefunctions in a noncompetitive manner with respect to
intermediate affinity IL-2R associate in a sequential manner, cytokine binding. As can be seen from Figure 7B, the
with IL-2 binding first to IL-2R3, to whichyyis then binds sensorgram response does not diminish to zero even in the
in a subsequent step. The binding of IL-2 to the immobilized presence of saturating concentrations of the antibody; rather
IL-2R was fast kass> 10° Mt s71) and led to the formation it plateaus at approximately 40 RU a600 nM Fab once
of a complex which dissociated rapidligs > 0.8 s*) when all of the ynis-dependent binding has been inhibited. This
the IL-2 was no longer applied. The estimated limits to the residual response represents the binding of IL-2 to 1I132R
association and dissociation rate constants are consistent withwhich is unaffected by the presence of the antibody and
the values okass= 1.27 x 10° M1 s andkyiss= 0.66 st which cannot be reduced by increasing further the Fab
reported previously by Myszka et akg) using the same  concentration. Similarly, Whitty et &l.have shown that
IL-2 as was used here but using a thiol-linked form of IL- binding of intact mAb CP.B8 to the full-length. chain
2R3 in which the protein is tethered in a uniform manner to expressed on the cell surface does not reduce binding of IL-4
the chip surface. Similarly, the dissociation constét= to the IL-4Rx chain, but rather prevents the subsequent
800 nM) determined from equilibrium binding measurements association of the. chain with the preformed IL-4/IL-48
is less than 2-fold greater than the value of 480 nM obtained complex. Together, these results indicate that mAb CP.B8
using the thiol-linked form of IL-2RR (45). In our experi- functions to inhibity. chain-dependent cytokine receptor
ments, inclusion of/yis resulted in biphasic curves for both ~ formation and signaling by a common inhibitory mechanism
the association and dissociation phases of binding (Figurein which the recruitment of the/; chain is blocked. In
6). Although rate constants for these events could not be support of this notion, it has been shown that mAb CP.B8
determined due to the unavoidable contamination of mon- inhibits the proliferative response of PHA-activated T cell
omeric yyis by the dimeric form, it is apparent that the blasts to IL-2, IL-4, and IL-15, as well as the IL-7 induced
chain slows the dissociation of the complex as compared toproliferation of freshly isolated human PBM@Q).
the very rapid dissociation of IL-2 from IL-2R(Figure 5, The ability to block the recruitment of thg, chain into
inset, and Figure 6). If the behavior of the isolated the receptors for IL-2, IL-4, IL-7, and IL-15 raises the
extracellular portion of the'. chain is representative of its  possibility of simultaneous inhibition of these and presum-
behavior when part of the full-length protein expressed on ably also the IL-9R in pathological conditions such as
the cell surface, then the effect of IL-2 would be to promote systemic lupus erythematosus, rheumatoid arthritis, insulin-
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dependent diabetes melitus, and Crohn’s disease, where 7.
modulation of the immune system would be clinically

desirable. Similarly, suppression of the immune system to
prevent graft rejection after transplantation might be ac-

complished by inhibiting all of they. chain-dependent

cytokine receptors. It is well established that rejection of
islet allografts in mice is mediated by infiltrating host
cytotoxic T lymphocytes (CTL), activation and proliferation

of which is driven by IL-2 63, 54). However, in IL-2 (/-)

knockout mice, which still reject the transplanted allogratft,
it has been shown that intragraft expression of IL-4 and IL-7  11.
(55) and of IL-15 66) may mediate the activation of the
infiltrating CTL in the absence of endogenous IL-2. Al-

though antibodies directed against the ILe2Rhain, for

example, have received considerable attention as immuno-
suppressant$8p), such antagonists are limited by their need  13.
to compete with the cytokine for binding to the receptor
specific chain. Furthermore, they inhibit only one cytokine

receptor interaction leaving the othgg chain-dependent

scribed above, blocking the recruitment of thechain into

all of the y. chain-dependent cytokine receptors may be a 16.
better approach to immunosuppression than inhibition of a

single cytokine receptor.

In summary, we have provided evidence that mAb CP.B8
inhibits the formation of the intermediate affinity IL-2R by

preventing the recruitment of the chain into the receptor

complex. This mechanism of inhibition is likely to extend

to other cytokine receptors that employ thechain, offering

a powerful approach to the modulation of immune responses

in pathological settings and after organ transplantation.
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