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Interleukin-2 Receptor y Chain: A Functional
Component of the Interleukin-7 Receptor

Masayuki Noguchi, Yoshiaki Nakamura,* Sarah M. Russell,
Steven F. Ziegler, Monica Tsang, Xiqging Cao,
Warren J. Leonardf

The interleukin-2 receptor y chain (IL-2Ry) is a necessary component of functional IL-2
receptors. IL-2Ry mutations result in X-linked severe combined immunodeficiency
(XSCID) in humans, a disease characterized by the presence of few or no T cells. In
contrast, SCID patients with IL-2 deficiency and IL-2—deficient mice have normal numbers
of T cells, suggesting that IL-2Ry is part of more than one cytokine receptor. By using
chemical cross-linking, IL-2Ry was shown to be physically associated with the IL-7 re-
ceptor. The presence of IL-2Ry augmented both IL-7 binding affinity and the efficiency of
internalization of IL-7. These findings may help explain the defects of XSCID. Given its role
in more than one cytokine receptor system, the common vy chain (y,) is proposed as the

designation for IL-2Rvy.

The interaction of IL-2 and IL-2 receptors
regulates the magnitude and duration of the
T cell immune response (1). Different com-
binations of three distinct chains (a, B, and
v) form three classes of IL-2 receptors (1).
Low-affinity IL-2 receptors consist of IL-
2Ra, intermediate-affinity receptors con-
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tain IL-2RB and IL-2Rry, and high-affinity
receptors contain all three chains. Thus,
IL-2Ry is a component of the functional
intermediate- and high-affinity receptors
(2). Mutations in IL-2Ry result in XSCID
in humans (3). In contrast to the low T cell
numbers in this disease (4), IL-2—deficient
SCID patients (5) and mice (6) have nor-
mal numbers of T cells. We therefore hy-
pothesized that IL-2Ry might also be a
component of other cytokine receptors (3).

The IL-7 receptor was an attractive can-
didate. First, IL-7 is a growth factor for
thymocytes (7) and T cells (8), activities
which if defective might explain much of

the XSCID phenotype. Second, since IL-7
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is a growth factor for pre-B cells (9), a role
for IL-2Ry in the IL-7 receptor could help
explain why B cells, although present in
XSCID patients, are nonfunctional (4) and
why the mature B cells of XSCID carrier
females have nonrandom X chromosome
inactivation (4) (that is, the X chromo-
some with the mutant IL-2Ry chain is
inactivated, indicating that IL-2Ry partic-
ipates in B cell maturation). Third, only a
single chain of the IL-7 receptor has been
identified (10), whereas most other cyto-
kine receptor superfamily [also denoted he-
matopoietin or type I cytokine receptors
(11)] members have two chains (one with a
long cytoplasmic domain and the other
with a much shorter one).

We labeled IL-7 with 25T and cross-linked
it to transfected COS-7 cells. No affinity-
labeled band was seen when cells were trans-
fected with pME18S (the vector control) or
IL-2Ry (Fig. 1A). Faint bands were seen in
cells transfected with IL-7R alone, but stron-
ger bands were seen in cells transfected with
IL-7R and IL-2Rvy. Although the major affin-
ity-labeled band seen when both subunits
were transfected approximately comigrated
with the major band seen when cells with
only IL-7R were cross-linked, the labeling
pattern in the former case was more complex.
Nevertheless, it was impossible to determine
whether IL-2Rry, IL-7R, or both were affinity
labeled (lane 4). A polyclonal antibody to
IL-2Ryy (anti-IL-2Rvy) did not immunoprecip-
itate the affinity-labeled complexes from cells
transfected only with IL-7R, but efficiently
precipitated complexes from cells transfected
with IL-7R + IL-2Ry (Fig. 1B). These com-
plexes may represent affinity-labeled IL-7R
coimmunoprecipitated through association
with IL-2Rvy, affinity-labeled IL-2Rvy itself, or
both. Regardless of which possibility is cor-
rect, the ability of anti-IL-2Ry to immuno-
precipitate IL-7 affinity-labeled bands proved
that IL-2Ry was part of the complex. As
expected, an antibody to IL-7R (anti-IL-7R)
immunoprecipitated the bands from affinity-
labeled IL-7R transfectants (Fig. 1C); howev-
er, the antibody was inefficient in immuno-
precipitating bands from the double transfec-
tant, suggesting either that much of the signal
in Fig. 1A corresponded to affinity-labeled
IL-2Ry or that IL-2Ry interfered with anti—
IL-7R binding. No bands were immunopre-
cipitated by preimmune serum (Fig. 1D).
Similar results were obtained in transfected L
cells (12).

Because IL-2Ry appeared to be part of
both the IL-2 and IL-7 receptors, we used
1251_IL-3 to find a cytokine that could not
affinity label IL-2Ry. Two major bands
were detected when !2°I-IL-3 was cross-
linked to COS-7 cells transfected with IL-
3Ra and the common B chain [B_, a chain
that is also a component of the IL-5 and
granulocyte-macrophage  colony-stimulat-
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as in transfected COS-7 cells.

To determine whether IL-7 was cross-
linked to both IL-7R and IL-2Ry, we ana-
lyzed two-dimensional gels of IL-7 affinity-
labeled COS-7 cells transfected with
pMEISS, IL-7R, IL-2Ry, IL-7R + IL-2Ry,
or IL-7TR + IL-2Ry-ACT (which retains
only six residues of the IL-2Ry cytoplasmic
domain). No spots were seen with pME18S
(Fig. 2A) or IL-2R-y—transfected cells (12).
Unexpectedly, two major affinity-labeled
spots overlapping in molecular size (spots 1
and 2) were seen in IL-7R—transfected cells
(Fig. 2B). Spots 1 and 2 could represent
alternatively processed forms of IL-7R; it is
also possible that one spot corresponds to a
component of an endogenous IL-7 receptor
present in COS-7 cells that was affinity
labeled only in the presence of transfected

ing factor receptors] (Fig. 1E). The pattern
was indistinguishable from that previously
reported (13). No change in the affinity-
labeled bands was detected when IL-2Ry
was cotransfected, and anti-IL-2Ry did not
immunoprecipitate any affinity-labeled
band (Fig. 1E). Thus, IL-2Ry is not a
component of the IL-3 receptor.

We also analyzed '25I-IL-7 cross-linked
to phytohemagglutinin (PHA)-activated
human peripheral blood lymphocytes
(PBLs) and found a major affinity-labeled
band which, like the analogous band from
COS-7 cells transfected with IL-7R +
IL-2Ry, could be immunoprecipitated
weakly by anti-IL-7R and strongly by
anti-IL-2Rvy, but not by preimmune serum
(Fig. 1F). Thus, IL-2RYy is physically asso-
ciated with IL-7R in normal PBLs as well
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Fig. 1. Affinity labeling of IL-7R and IL-2Ry with '25-IL-7. COS-7 cells were transfected with
lipofectamine (BRL), with pME18S (lanes 1) or pME18S containing cDNAs encoding IL-2Ry (lanes
2), IL-7R (lanes 3), or IL-7R + IL-2Ry (lanes 4). Cells were washed three times in phosphate-
buffered saline and affinity labeled with 5 nM '25I-IL-7 and disuccinimidyl suberate (Pierce) as
described (24). Cell lysates were either directly analyzed on gels (A) or immunoprecipitated first
with anti-IL-2Ry (B), anti-IL-7R (C), or preimmune serum (D). (E) '25I-IL-3 was bound and
cross-linked to COS-7 cells transfected with IL-3Ra + B, (lanes 2 and 5) or IL-3Ra + B, + IL-2Ry
(lanes 1, 3, and 4). Lysates were directly analyzed (lanes 1 and 2) or first immunoprecipitated with
preimmune serum (lane 3) or anti-IL-2Ry (lanes 4 and 5). (F) Peripheral blood lymphocytes
activated with PHA were affinity-labeled with IL-7. The composition of the larger (>200 kD) band is
unclear, but it was only variably detected and its immunoprecipitation by anti-IL-2Ry suggests that
it is a multimerized cross-linked form. Recombinant human IL-3 and IL-7 were iodinated with the
Bolton-Hunter reagent (ICN) and lodogen (Pierce), respectively. Polyclonal rabbit antibody to
IL-2Ry (R878) was generated to a peptide corresponding to the eight COOH-terminal amino acids
of IL-2Ry (NH,-Cys-Tyr-Thr-Leu-Lys-Pro-Glu-Thr-COOH), which had been coupled to keyhole
limpet hemocyanin. Molecular size markers are indicated at the left (in kilodaltons).

Table 1. Summary of binding data showing dissociation constants (K's) and receptor numbers for
PBLs and for COS-7 cells transfected with pME18S or pME18S containing cDNAs encoding IL-2Ry,
IL-7R, or IL-7R + IL-2Ry. The data for pME18S are from six experiments; all others are derived from
four experiments. K,'s are shown as mean +SD.

Inter-
Low-affinity Receptors mediate- Receptors High-affinity  Receptors
Transfectant "4 ‘(\M)~ percell  afinity  per el K, (M) per cell
Ky (PM) '
PME18S 148 + 43 1.4 x 108
IL-2Ry 126 = 11 1.2 x 108
IL-7R 145 + 31 26 x 106 253 + 9.62 x 103
81
IL-7R + IL-2Ry 105 + 41 2.3 x 108 369 +29.7 5.38x10°
PBL 100 + 46 3.7 x 10 64.0 £ 13.5 1.28x10°

1878 SCIENCE ¢ VOL. 262 * 17 DECEMBER 1993

IL-7R. As compared with spot 2, spot 1
has a molecular size closer to that expected
for IL-7R; moreover, transfection of a
truncated IL-7R construct resulted in a
decrease in the size of spot 1 and a shift to
a more basic pl, as expected on the basis of
its amino acid composition (12). Al-
though the molecular size of spot 2 ap-
peared to decrease, there was no change in
its pl. Thus, although spot 1 is derived
from IL-7R, the identity of spot 2 remains
unclear. Two minor spots (spots 3 and 4)
were variably detected and migrated with
isoelectric points and molecular sizes con-
sistent with that for dimers of spots 1 and
2, respectively.

When IL-7R and IL-2R7y were cotrans-
fected, no new spots were observed, but the
more acidic spot (spot 1) increased in in-
tensity (Fig. ‘2C, arrow). The increased
intensity presumably results from cross-link-
ing of '»I-IL-7 to IL-2Ry (superimposed
on the 25I-IL-7 affinity-labeled IL-7R) be-
cause transfection of IL-2Ry-ACT instead
of full-length IL-2Ry yielded a new spot,
partially overlapping with spot 1, but of
smaller molecular size (Fig. 2D, arrow).
Thus, IL-7 could be cross-linked to both
IL-7R (Fig. 2B) and IL-2Ry (Fig. 2D).
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Fig. 2. Affinity labeling of IL-7R * IL-2Ry and
analysis on two-dimensional IEF gels. Cells
were transfected with pME18S (A) or pME18S
containing cDNAs encoding IL-7R (B), IL-7R +
IL-2Ry (C), or IL-7R + IL-2Ry-ACT (D), followed
by affinity labeling with '25|-IL-7. Cells were
lysed in 50 mM tris (pH 7.4), 140 mM NaCl,
0.5% NP-40, nuclei were removed by centrifu-
gation, and lysates were adjusted to 1% SDS
and then boiled, followed by the addition of
one-half-volume of 100% NP-40. Lysates were
then analyzed on 2D IEF gels. The positions of
spots 1, 2, 3, and 4, IL-2Ry, and IL-2Ry-ACT
are indicated. IL-2Ry-ACT was prepared with
the Bio-Rad Mutagene kit and the following
oligonuclectide: 5'-CTGGCTGGAACGGACGAT-
GCCCCGATGATCTAGACTGAAGAAACCTA-
GAG-3' (stop codon and Xba | site are under-
lined). IL-2Ry-ACT lacks all but six amino acids of
the cytoplasmic domain.



Cross-linking to IL-2Ry appeared as a more
intense spot, suggesting that the efficiency
of cross-linking 'Z°I-IL-7 to IL-2Ry was
greater than the efficiency of cross-linking
I[[L-7 to IL-7R (consistent with the
results from Fig. 1).

Since IL-7 affinity labeling was more
intense in COS-7 cells transfected with
IL-7R + IL-2Ry than with IL-7R (compare
Fig. 1A, lane 4, with lane 3; see Fig. 2), we
performed Scatchard analyses to evaluate
whether IL-2Ry augmented IL-7 binding
affinity. Cells transfected with pME18S or
IL-2Ry expressed more than 1 million re-
ceptors with low affinity [dissociation con-
stant (K) = 125 to 150 nM] (Fig. 3, A and
B, and Table 1). In contrast, IL-7R—trans-
fected COS-7 cells (Fig. 3, C and D)
expressed two classes of receptors: the low-
affinity binding class seen on nontrans-
fected cells and a higher affinity class (K, =
250 pM) (14). Cells transfected with IL-7R
+ IL-2Ry had an even higher affinity (K; =
35 to 40 pM) receptor in addition to the
low-affinity form (Fig. 3, E and F). PBLs

from healthy donors expressed high- (K, =
65 pM) and low- (K, = 100 nM) affinity
receptors (Fig. 3, G and H), similar to
those on COS-7 cells transfected with IL-
7R + IL-2Ry. Thus, only transfection with
both IL-7R + IL-2Ry reconstituted the full
binding affinity found on PBLs. These data
and data from other experiments show that
three classes of IL-7 receptors exist: low-,
intermediate- (IL-7R), and high- (IL-7R +
IL-2Ry) affinity classes of IL-7 receptors
(Table 1). Although spot 2 of Fig. 2B might
correspond to the low-affinity endogenous
COS-7 receptor, we have so far been un-
able to affinity label this spot from untrans-
fected COS-7 cells, even using 72 nM
IBIL-7 (15).

Having established that IL-2Ry in-
creased in binding affinity, we investigated
whether the association of IL-2Ry with
IL-7R was functionally significant by com-
paring the internalization rates of IL-7 in
mouse fibroblasts (L cells) transfected with
IL-7R or IL-7R + IL-2RYy. Internalization
efficiency was the assay first used to deter-

Fig. 3. IL-2Ry + IL-7R form the 200

high-affinity IL-7R. "25I-IL-7 bind- A § ,|PME18S B PME18S
ing to COS-7 cells transfected 150{ =%,
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mine the functional significance of IL-2Ry
(2). '’I-IL-7 at concentrations of 0.39
nM (Fig. 4A) or 2.5 nM (sufficient to
saturate both high- and intermediate-af-
finity IL-7 receptors) (Fig. 4B) was effi-
ciently internalized only when IL-2Ry was
present. An experiment done in COS-7
cells with 1 nM '’I-IL-7 showed similar
results (12). Little or no IL-7 was inter-
nalized in the absence of IL-2Ry. Thus,
the association of IL-2Ry has functional
significance for both the IL-2 and IL-7
receptors.

The sharing of IL-2Ry may be funda-
mentally different from the sharing of
a common B subunit among the IL-3,
IL-5, and GM-CSF receptors (13) or of
gp130 among the IL-6, leukemia inhibi-
tory factor, oncostatin M, and ciliary neu-
rotrophic factor receptors (16). In those
cases, the shared chain has a large cyto-
plasmic domain and is viewed as the major
signaling component. In the case of the
IL-2 and IL-7 receptors, IL-2RB and IL-7R
are considered the major signaling mole-
cules. Nevertheless, IL-2Rv is critical for
signal transduction (3, 17). Because of its
essential role in more than one cytokine
system, we propose that IL-2Ry be desig-
nated as the common 7y chain (y.), anal-
ogous to the designation of the common
chain of the IL-3, IL-5, and GM-CSF
receptors (13) as B..

Although the exact mechanisms by
which a vy_ defect results in XSCID remain

Percent internalized counts

0 20 40 60

Time (min)
Fig. 4. Efficient internalization of IL-7 only when
both IL-7R and IL-2Ry are coexpressed. Trans-
fected L cells (107 cells per milliliter) were
incubated for 5 min at 37°C in RPMI 1640
medium containing 2% BSA, 20 mM Hepes (pH
7.4), and 100 wM chloroquine and then for 3
hours with 0.39 nM (A) or 2.5 nM (B) '25|-IL-7
on ice (26). Circles, IL-7R + IL-2Ry; squares,
IL-7R.
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unknown, the identification of vy_ as a com-
ponent of the IL-7R may explain some
features of XSCID, perhaps even more com-
pletely than the knowledge that +y_ is part of
the IL-2 receptor. Although IL-2 stimulates
proliferation of murine thymocytes (18),
IL-2—deficient mice have normal thymic de-
velopment (6). In contrast, mice treated
‘with a monoclonal antibody to IL-7 have a
significant decrease in thymic cellularity
(19). The exact sites of vy, function in T cell
development remain unclear, but vy, is ex-
pressed on all thymic populations studied
(20). In addition to participation in T cell
development, IL-7 promotes the growth of
pre-B cells (19). Thus, a loss of IL-7 signal-
ing might contribute to both the T cell and
B cell defects found in XSCID. Neverthe-
less, the involvement of +y_ in the IL-2 and
IL-7 receptors may not fully explain the
defects of XSCID. Indeed, it is now clear
that v, is also a part of the IL-4 receptor and
perhaps part of other cytokine receptors as

well (21).
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Interleukin-2 Receptor y Chain: A Functional
Component of the Interleukin-4 Receptor

Sarah M. Russell, Achsah D. Keegan, Nobuyuki Harada,
Yoshiaki Nakamura,* Masayuki Noguchi, Pamela Leland,
Michael C. Friedmann, Atsushi Miyajima, Raj K. Puri,
William E. Paul, Warren J. Leonardt

The interleukin-2 (IL-2) receptor v chain (IL-2Rv) is an essential component of high- and
intermediate-affinity IL-2 receptors. IL-2Ry was demonstrated to be a component of the IL-4
receptor on the basis of chemical cross-linking data, the ability of IL-2Ry to augment IL-4
binding affinity, and the requirement for IL-2R-y in IL.-4—mediated phosphorylation of insulin
receptor substrate—1. The observation that IL-2Ry is a functional component of the IL-4
receptor, together with the finding that IL-2Ry associates with the IL-7 receptor, begins to
elucidate why deficiency of this common v chain (y.) has a profound effect on lymphoid
function and development, as seen in X-linked severe combined immunodeficiency.

Interleukin-2 (1) and IL-4 (2) are multi-
functional cytokines. Both can act as lym-
phocyte growth factors, although their
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ranges of actions are quite different. IL-2 is
the principal T cell growth factor (1); IL-4
also exhibits T cell growth factor activity,
but its principal actions are to regulate B
cell growth and immunoglobulin class
switching (2, 3). The structure of each
cytokine consists of a bundle of four a
helices in which the first and second helices
and the third and fourth helices are con-
nected by long overhand loops, resulting in
a characteristic “up, up, down, down” con-
figuration (4). The prototypic molecule to
exhibit this structure is growth hormone.
Growth hormone transduces signals by ho-
modimerization of the growth hormone re-
ceptor (5), whereas for IL-2 the formation
of a heterodimer of the IL-2RB and IL-2Ry



