
tor IX promoter activity, reducing factor IX 
expression and resulting in hemophilia B. It 
has been postulated that the factor IX 
promoter responded to testosterone (9), 
which can increase factor IX concentra- 
tions in Leyden patients (1 0). These results 
suggest that the factor IX promoter contains 
a functional androgen-responsive element 
(ARE). The promoter contains a sequence 
resembling a consensus ARE (nucleotides 
-36 to -22) (Fig. 2). The -26 G to C 
mutation but not the -20 T to A mutation 
disrupts this ARE. 

To test whether the ARE was function- 
al, we linked it upstream of the herpes 
simplex thymidine kinase (TK) promoter 
and the CAT reporter gene and assayed 
transactivation in HeLa cells by an andro- 
gen receptor (AR)-encoding plasmid (I I )  
in the presence of testosterone. When the 
ARE was present in one copy, the re- 
sponse was not significantly above back- 
ground; with two copies a threefold effect 
was observed, and with four copies (Fig. 
3A) the ARE allowed the TK promoter to 
be significantly (>50-fold relative to a 
control in the absence of AR) transacti- 
vated when both testosterone and the AR 
expression plasmid were present. The pro- 
moter with the -26 mutation did not 
support transactivation, whereas that with 
the -20 mutation (which lies outside the 
ARE) did. 

When the candidate factor IX ARE was 
bound to a recombinant AR-protein A 
fusion protein (1 2), a gel-shifted complex 
IV was formed (Fig. 3B), which was effec- 
tively competed by both normal factor IX 
DNA and by DNA with the -20 mutation 
but not by DNA containing the -26 
mutation. A potent ARE from a rat pros- 
tate binding protein gene (12) competed 
even more effectively for this complex 
(Fig. 3B). 

These results show that the ARE in the 
factor IX promoter can bind AR in vitro. 
AR mRNA has been identified in human 
liver and AR protein in rat liver (1 3). The 
fact that the patient with a mutation at 
-26 in the ARE did not improve after 
puberty, whereas patients with mutations 
at -20, outside the ARE, do improve, 
shows that this element is important in 
vivo. Nevertheless, it bound AR less ef- 
fectively than the well-characterized ARE 
from the prostatic binding protein gene 
and only functioned well in CAT assays 
when multimerized (Fig. 3). In transient 
transfection systems in HepG2 cells, the 
factor IX promoter itself supports only a 
small activation (less than threefold) de- 
pendent on androgen and AR (14). Ad- 
ditional upstream elements or factors may 
be required for the full response or the 
transient assay system may not faithfully 
reflect the in vivo situation. Although the 

ARE identified here is necessarv. it mav , , 

not be sufficient for the full response seen 
in Leyden patients (1 0). 

In summary, the mutation in Hemophil- 
ia B Brandenburg simultaneously disrupts 
an LF-Al/HNF4 site and an overlapping 
ARE, which explains the persistent hemo- 
philia in this patient and also why patients 
with nearby promoter mutations, which do 
not disru~t the ARE. recover after ~ubertv. 
~ u t a t i o i s  identified in hemophi& B pa- 
tients in the site bound by C/EBP (or 
related proteins) (4) and now in the LF-A11 
HNF4 binding site of the hepatocyte-spe- 
cific factor IX promoter emphasize the func- 
tion of these factors in the regulation of 
liver-specific genes in vivo. 

REFERENCESANDNOTES 

1. P. H. Reitsma, R. M. Bertina, J. K. Ploos van 
Amstel. Blood 72, 1074 (1 988) 

2. F. Giannelli et al., Nucleic Acids Res. 19, 2193 
(1991). 

3. Genomic DNA from Brandenburg's blood lym- 
phocytes was amplified by the polymerase chain 
reaction (PCR). The promoter, exon a (nucleo- 
tides -240 to +85), all seven remaining exons b 
through h, splice sites, and the poly(A) region 
were sequenced. Clotting activity was less than 
1% normal at 9 months and 13, 17. 19, and 20 
years. 

4. M. Crossley and G. G. Brownlee, Nature 345, 444 
(1 990). 

5. F. M. Sladek, W. Zhong, E. Lai, Genes Dev. 4, 
2353 (1 990) 

6. D. P. Ramji, M. H. Tadros, E. M. Hardon, Nucleic 
Acids Res. 19, 1139 (1991) 

7. E. M. Hardon, M. Frain, G. Paonessa, EMBO J. 7, 
1711 (1988); P. Monaci, A. Nicosia, R. Cortese, 
ibid., p. 2075. 

8. LF-AlIHNF4 sites in apolipoprotein A1 or trans- 
thyretin promoters gave identical results. 

9. E. Briet, R. M. Bertina, N. H. van Tilburg, N. Engl. 
J. Med. 306. 788 (1 982) 

10. E. Briet, M. C. Wijnands, J. J. Veltkamp, Ann. 
Intern. Med. 103, 225 (1985); M. Ludwig, unpub- 
lished data. 

11. C. Chang, J. Kokontis, S. Liao, Proc. NaN. Acad. 
Sci. U.S.A. 85. 721 1 (1 988). 

12. F. Claessens et a/.. Biochem. Biophys. Res. Com- 
mun. 164, 833 (1989); P. De Vos et a/., J. Biol. 
Chem. 226. 3439 (1991) 

13. H. Takeda et al., J. Endocrinol. 126, 17 (1990); D. 
B. Lubhan et al., Science 240. 327 (1988) 

14. S. Hirosawa et al.. Proc. Natl. Acad. Sci. U.S.A. 
87, 4421 (1990); M. Crossley. unpublished data. 

15. K. Gorski, M. Carneiro, U. Schibler. Cell 47, 767 
11986) 
\ ---, 

16. M. Beato, ibid. 56, 335 (1989) 
17. E. Martinez, F. Givel, W. Wahli, EMBO J. 10, 263 

(1991). 
18. B. Luckow and G. Schutz, NucleicAcids Res. 15, 

5490 (1 987) 
19. B. Westley and H. Rochefort. Cell20, 353 (1980). 
20. We thank D. Ramji, R. Cortese, H. H. Brackman, 

M. Parker, S. Liao, and C. Chang for materials and 
E. Whitelaw, C. Rizza, and D. Austen for advice. 
M.C. and K.M.S, are supported by Wellcome and 
E. C. Bridge grants; M.L. and K .0 ,  are supported 
by the German Ministry of Science and Technol- 
ogy (BMFT). 

17 March 1992; accepted 5 June 1992 

Cloning of the 7 Chain of the Human IL-2 Receptor 

Toshikazu Takeshita, Hironobu Asao, Kiyoshi Ohtani, 
Naoto Ishii, Satoru Kumaki, Nobuyuki Tanaka, Hiroshi Munakata, 

Masataka Nakamura, Kazuo Sugamura* 
A third subunit, they chain, of the human interleukin-2 receptor (IL-2R) was identified, and 
a complementary DNA clone encoding this member of the cytokine receptor family was 
isolated. The y chain is necessary for the formation of the high- and intermediate-affinity 
receptors, which consist of apy heterotrimers and py heterodimers, respectively. The IL-2R 
on murine fibroblastoid cells can be internalized after binding IL-2 only if the y chain is 
present; a and p are insufficient for internalization. Thus, the y chain is an indispensable 
component of the functional IL-2R. 

T h e  lymphokine IL-2 affects the growth 
and differentiation of T cells, B cells, 
natural killer cells, glioma cells, and cells 
of the monocyte lineage after specifically 
interacting with IL-2Rs (1, 2). The IL-2R 
contains at least two distinct subunits, 
called a and P chains, and exists in three 
different isoforms: high affinity for IL-2 

(the dissociation constant Kd is -10-l1 
M), intermediate affinity (Kd = - lop9 
M), and low affinity (Kd = - lop8 M) (1). 
The high- and intermediate-affinity recep- 
tors, which are thought to consist of the a 
and p heterodimers and the P chain alone, 
respectively, are effective in IL-2-mediat- 
ed signal transduction, but the low-affinity 
receDtor, which consists of the CY chain - .  

T. Takeshita, H. Asao, K. Ohtani, N. Ishii, S. Kumaki N. is ineffective; therefore, the P 
Tanaka, M. Nakamura, K. Sugamura. Department of chain but not the a chain is indispensable 
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a third lymphoid-specific component that 
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Japan. and intermediate-affinity receptors. (i) 
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cell lines but not on fibroblastoid cell 
lines, can bind to IL-2 and can transduce 
growth signals (4-7). (ii) The number of P 
chain molecules expressed on lymphoid 
cell surfaces does not determine the num- 
ber of intermediate-affinity IL-2 binding 
sites (8, 9). (iii) Coexpression of the a 
and p chains in fibroblastoid cell lines 
results in receptors with greater affinities 
than the intermediate-affinity receptors, 
but these higher affinity receptors cannot 
respond to IL-2 functionally (7). We have 
detected a p64 component, tentatively 
named the y chain of IL-2R, that associ- 
ates with the p chain in an IL-2-depen- 
dent manner in immunoprecipitates with 
the monoclonal antibody (MAb) TU11, 
which is specific for human IL-2R P (9, 
10). We now have cloned the y chain. It 
is a member of the cytokine receptor 
family, participates in the formation of the 
high- and intermediate-affinity IL-2Rs, 
and allows the formation of IL-2Rs that 
can internalize IL-2. 

We purified the y chain molecule to 
determine its amino acid sequence. As a 
source of the y chain, a subline of MOLTP 
cells was chosen that produced the most y 

Fig. 1. IL-2-dependent association of the y 
chain molecules with IL-2R. MOLT$ cells were 
surface-labeled with NalZ5l with iodination re- 
agent (IODOGEN, Pierce Chemical, Rockford, 
Illinois). They were treated with 30 nM IL-2 (A) 
or left untreated (B), and then all cultures were 
incubated for 1 hour on ice and solubilized in 
2 ml of lysis buffer [25 mM tris-HCI (pH 7 3 ,  
140 mM NaCI, 1 mM EDTA, 2 mM phenylmeth- 
ylsulfonyl fluoride, 0.1% aprotinin, and 0.5% 
Nonidet P-401. The lysates were immunopre- 
cipitated with MAb TU11 (1 l ) ,  and the immu- 
noprecipitates were separated by 2-D PAGE 
as described (9). Arrowheads indicate spots 
corresponding to the $ and y chains, as 
labeled. Molecular size standards are indicat- 
ed on the left, and pl's are indicated at the top. 

chains, as assessed by immunoprecipita- 
tion. MOLTP is a stable transfectant of 
the human T cell line MOLT4 into which 
the human IL-2R P cDNA had been 
introduced; MOLTP expresses the inter- 
mediate-affinity IL-2R (9). The y chain 
was detectable [61 to 71 kD; isoelectric 
point (PI) 4.2 to 4-61 in the immunopre- 
cipitates of the p chain when IL-2 was 
added to the cells (Fig. 1). To purify the y 
chain, we subjected the MOLTP cell ly- 
sate to an immunoaffinity column conju- 
gated with MAb T U l  1 (I I). The mole- 
cules bound to the column were eluted, 
separated by two-dimensional polyacryl- 
amide gel. electrophoresis (2-D PAGE), 
and transferred onto Immobilon mem- 
branes (1 2). The membrane pieces corre- 
sponding to the IL-2R y spot were collect- 
ed and subjected to amino acid sequenc- 
ing. The NH2-terminal 22-amino acid 
residues of the y chain molecules were 
determined to be (Leu or 1le)-(Asn or 
Cys)-(Thr or Phe) -(Thr or Phe)-Ile-Leu- 
Thr-Pro-Asn-Gly-Asn-Glu- (Asp or Arg) - 
(Thr or Ala) - (any amino acid) -Ala- (Asp 
or G1y)-Phe-Phe-Leu-Ser-Arg. 

To isolate a cDNA clone coding for the 
y chain gene, we first used the reverse 
transcriptase polymerase chain reaction 

1 MLKPSLPFTS LLFLQLPLLG VGLNTTILTP - - 
31 NGNEDTTADF FLTTMPTDSL SVSTLPLPEV 

121 EIHLYQTFW QLQDPREPRR QATQMLKLQN 

151 LVIPWAPENELHKILSESQL E:NWNNRFAm - 
181 HCLEHLVQYR TDWDHSWTEQ SVDYRHKFSL 

A 

241 ~PIHWGSNTSKENPF LFAL EAWISVGSM - 
271 GLIISLLCVY FWLERTMPRI PTLKNLEDLV 

301 TEYHGNFSAW SGVSKGLAES LQPDYSERLC 

331 LVSEIPPKGG ALGEGPGASP CNQHSPYWAP 

361 PCYTLKPET 

B Membrane-spanning region 

sequence 

Consewed WS motif 
cysteines 

C 
NFSAWSGVS 

(RT-PCR) with a pair of primers and then 
prepared polyadenylated [poly (A) +] RNA 
from MOLTP cells (1 3). A 54-bp frag- 
ment was generated and sequenced. The 
amino acid sequence deduced from the 
nucleotide seauence of this fraement in- " 
eluded the amino acid sequence directly 
determined with the purified y chain. 
With the 54-bp fragment as a probe, 
cDNA clone pIL-2Ry 1 was identified from 
a randomly primed cDNA library from 
MOLTP cells (1 4). The pIL-2Ry 1 cDNA 
contained an open reading frame (ORF) 
that included the sequence for the directly 
determined NH2-terminus except that we 
determined that the last two residues were 
Thr-Thr by nucleotide sequencing. No 
in-frame stop codon was present; thus, 
pIL-2Ryl carries an incomplete cDNA. 
We used this cDNA clone as a probe to 
screen an oligo(dT)-primed cDNA library 
and cloned pIL-2Ry2 from this library 
with an ORF that ended at an in-frame 
stop codon. No complete homology with 
any other published nucleotide sequences 
was seen. 

The combined nucleotide sequences of 
the two clones, which had identical over- 
lapping sequences, contained an ORF of 
369 amino acid residues (Fig. 2A). The 
nucleotide context surrounding the initia- 
tor ATG had consensus sequences for 
translation initiation (15). Analysis of the 
hydrophobicity of the deduced amino acid 
sequence predicted that a hydrophobic 
stretch of the NH2-terminal initial 22 

Flg. 2. Deduced amino acid sequence and 
schematic structure of the human IL-2R y 
chain cDNA. (A) Deduced amino acid se- 
quence of IL-2R y cDNA (30). A predicted 
signal sequence is underlined once with a thin 
line. The thick underline indicates a predicted 
transmembrane region. The four cysteine res- 
idues and WS motif are boxed. Four leucine 
residues similar to the leucine zipper structure 
are indicated by closed triangles below the 
amino acid sequence. Six potential N-glyco- 
sylation sites are double underlined. The nu- 
cleotide sequence has been deposited at 
DNA Data Bank of Japan and GenBankIEuro- 
pean Molecular Biology Laboratory and is 
available through accession number Dl 1086. 
(B) Schematic representation of the IL-2R y 
cDNA and its product. The possible signal 
sequence, cysteine-rich region, WS motif, leu- 
cine zipper, transmembrane region, and SH2 
subdomain regions are shown. (C) Sequence 
alignment of the SH2 subdomains of human 
IL-2R y and Src-related kinases (30). The 
intracytoplasmic amino acid sequence (posi- 
tions 288 to 321) of IL-2 y and the SH2 
subdomains of human Lck, Hck. Lyn, and Blk 
of the Src tyrosine kinase family were aligned 
(18). Amino acid positions of the first residues 
shown are indicated at the left. Amino acids 
residues that are identical to those of the y 
chain are boxed. Dashes indicate gaps. 
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amino acids is a signal peptide. This as- 
sumption agreed with the results of direct 
amino acid sequencing. Therefore, the 
mature form of the protein backbone of 
the y chain consists of 347 amino acid 
residues with a calculated molecular mass 
of 39,918 daltons. The hydrophobicity 
plot also predicted a single membrane- 
spanning region at amino acid residues 
255 to 283 (Fig. 2B). The predicted ex- 
tracellular domain included six potential 
N-linked glycosylation sites and the con- 
sensus sequences of the cytokine receptor 
family-the four conserved cysteines (po- 
sitions 62, 72, 102, and 115) and the 
Trp-Ser-X-Trp-Ser WS motif (positions 
237 to 241; X is an unconserved amino 
acid residue; W, Trp; S, Ser)-in the 
proximity of the transmembrane region 
(16). A computer search showed that the 
deduced amino acid sequence of the y 
chain shared partial homology in the cys- 
teine-rich region and in the WS motif, 
with sequences of members of the cytokine 
receptor family, such as subunits of recep- 
tors for interleukin (1L)-4, IL-5, and gran- 
ulocyte-macrophage colony-stimulating 
factor (GM-CSF) . Four leucine residues 
with the six-amino acid interval (posi- 
tions 165 to 186) appeared between the 
cysteine-rich region and the WS motif. 
This configuration is reminiscent of the 
leucine zipper structure. Computer simu- 
lation according to the Gamier's method 
(1 7) predicted an a helix structure for two 
regions (positions 163 to 172 and positions 
179 to 189) within the tentative leucine 
zipper domain; thus, this region may actu- 
ally compose the leucine zipper structure. 

The cytoplasmic domain of 86 amino 
acid residues was considerably shorter than 
that of the P chain. It may, however, have 
a role in signal transduction because se- 
quences from positions 288 to 321 appeared 

Fig. 3. lL-2R y mRNA expression in various 
cell types. Total RNA (20 ~ g )  was separated 
by electrophoresis, blotted onto nitrocellulose, 
and hybridized with the 32P-labeled 0.9-kb 
Eco RI fragment of plL-2Ryl as described 
(31). Lane 1, MOLTB; lane 2, MOLT4; lane 3, 
Jurkat; lane 4, MT-1; lane 5, MT-2; lane 6, Raji; 
lane 7, THP-1 ; lane 8, Hela; lane 9, HepG-2; 
lane 10, PBLs; and lane 11, PHA-stimulated 
PBLs. Molecular sizes are indicated at the left 
in kilobases. 

to be homologous to the Src homology 
region 2 (SH2), which can bind to phos- 
photyrosine residues of some phosphopro- 
teins. Among the five highly conserved 
subdomains of SH2 (1 8), the last two sub 
domains are identified in the sequence of 
the y chain (Fii. 2C). Nevertheless, no 
consensus sequence for tyrosine kinases was 
seen in the cytoplasmic domain. 

Expression of the y chain gene in vari- 

4 6 

~ u l o r  per eel 

Flg. 4.11-2 binding and IL-Z-dependent asso- 
ciation of the y chain in the transfectants. S i  
sublines, LCT-4 (A), Lp-1 (B), Ly-4 (C), Lpy-9 
@), Lap-2 (E), and Lapy-4 (F), of the murine 
fibroblastoid L929 cell line were established by 
transfection with various combinations of ex- 
pression vectors for the human IL-2R a, p, or y 
chains (32) and used for examination of their 
ability to bind to 11-2. The 1251-labeled 11-2 
binding was analyzed by Scatchard plots. The 
11-2 binding was similarly assayed in the pres- 
ence of MAb TU27 (A) (33), MAb H-31 (e) 
(34), or control MAb PAR3 (0) as described 
(33) (left-hand panels). The transfectants were 
also examined for association of the y chain 
with the B chain (right-hand panels). The cells 
were labeled with rj5S]methionine, treated with 
30 nM 11-2, and immunoprecipitated with MAb 
TU11. The immunoprecipitates were analyzed 
by 2-0 PAGE as described in Fig. 1. Axes are 
labeled as in Fig. 1. 

ous cells was analyzed by Northern (RNA) 
blot. Human lymphoid cell lines MOLTB, 
MOLT4, Jurkat, MT-1 and MT-2 (T cell 
lines both infected with human T cell 
leukemia virus type-1), and Raji (an Ep- 
stein-Barr virus-infected B cell line) ex- 
pressed the IL2R y mRNA (Fig. 3). Nor- 
mal human peripheral blood leukocytes 
(PBLs) also expressed the IL-2R y mRNA 
whether or not the cells were stimulated 
with phytohemagglutinin (PHA) . In these 
cells, the - 1.8-kb message was dominant; a 
second species of -3.6 kb was present in 
MOLTP, MOLT4, Jurkat, and PHA-stim- 
ulated PBLs (PHA-PBLs). The IL-2R y 
mRNA was absent in human nonlymphoid 
cell lines such as promonocytic THP-1, 
epitheloid HeLa, and hepatocytic HepG-2. 

To gain insight into the function of the 
y chain, we studied the effect of the y chain 
on the formation of the three IL-2R iso- 
forms that differed in their IL2 binding 
aliinities. The IL2R y cDNA was intro- 
duced with or without IL-2R a or P cDNA 
into sublines derived from murine fibroblas- 
toid cell line L929 (Fig. 4). The biding of 
IL-2 to the transfected cell lines was then 
analyzed by Scatchard plots (Fig. 4). The 
LCT-4 cell line, which is an IL-2R a 
transfectant clone of L929, expressed 4600 
low-&ty IL-2R sites per cell (Kd = 12 
nM) but did not express any high- or 
intermediate-afKnity receptors (1 9). The 
LP-1 cell line, which expresses only the P 
chain, did not show any appreciable IL-2 
binding. The y chain by itself in L cells as 
the Ly-4 cell line could not bind IL2. 
However, co-introduction into L cells of 

krmatkn U r n  (mln) 
Flg. 5. Internalization of 11-2 in the transfec- 
tants. Lap-2, LBy-9, and Lam-4 transfectants 
were examined for receptor-mediated internal- 
ization of 11-2 as described (20). The cells were 
incubated with 10 nM 1251-labeled 11-2 at O T  
for 1 hour, washed, and further incubated at 
3PC for the times indicated. They were then 
centrifuged and treated with chilled 0.2 M gly- 
cine buffer (pH 2.8) for 10 min. Radioactivities 
associated with unbound 11-2 (A), bound to 
cells but removed by acid wash (O), and bound 
to cells even after acid wash (e), were deter- 
mined separately. We considered acid wash- 
resistant radioactivity to be internalized 11-2 
molecules. 
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expression vectors for both y and P, yield- 
ing the Lpy-9 cell line, resulted in induc- 
tion of an IL-2R of intermediate affinity (Kd 
= 4.6 nM; 8800 sites per cell). The inter- 
mediate-affinity binding was abolished by 
addition of MAb TU27, which is specific 
for human IL-2R P, indicating that associ- 
ation of the y chain with the p chain is 
necessary for IL-2 binding. The IL-2R of 
Lap-2 cells, which contains only a and P 
chains (Kd = 600 pM; 4800 sites per cell), 
was converted to the high-affinity (Kd = 77 
pM; 1700 sites per cell) IL-2R by introduc- 
tion of the y chain (Lapy-4), and the high 
affinity of IL-2 binding in h p y - 4  cells was 
lowered to intermediate-affinity binding in 
the presence of MAb H-31 (specific for 
human IL-2R a ) .  Thus, the high-affinity 
IL-2R may be a heterotrimer. IL-2klepen- 
dent physical association of the y chain 
with the p chain was seen only with 
Lapy-4 and Lpy-9 cells but not with LCT- 
4, Lap-2, Lp-1, and Ly-4 cells (Fig. 4). 
This coimmunoprecipitation pattern of the 
y chain with the p chain is consistent with 
data from lymphoid cell lines (9, 10). 

These results show that the y chain is 
functionally involved in the formation of 
IL-2R complexes; that the intermediate- 
affinity IL-2R consists of two subunits, the 
p and y chains; and that the high-affinity 
IL-2R consists of three subunits, the a ,  p, 
and y chains. The y chain appears to have 
no effect on the low-affinity IL-2R, which 
consists of IL-2R a alone, because only the 
low-affinity IL-2R was detected on MT-1 
cells that express the a chain and IL-2R y 
mRNA (Fig. 3) (20). 

We further investigated the biological 
significance of the y chain in receptor- 
mediated internalization of IL-2 (Fig. 5). 
IL-2 that bound to Lapy-4 and Lpy-9 cells 
was rapidly internalized after incubation at 
37°C. Lapy-4 with the high-affinity recep- 
tors internalized IL-2 more efficiently than 
Lpy-9 with the intermediate-affinity recep- 
tors. However, Lap-2 cells, which have no 
y chain but do have IL-2-binding receptors 
with greater affinities for IL-2 than the 
intermediate-affinity receptors, rarely inter- 
nalized IL-2. These results suggest that the 
y chain is required for the receptor-mediat- 
ed internalization of IL-2. 

There is evidence that IL-2R requires 
another component besides the a and P 
chains to form high- and intermediate- 
affinity IL-2Rs (4, 8, 9, 21). We reported 
a molecule, y chain, associated with the p 
chain of IL-2R (9, 10). We have now 
cloned a cDNA of the y chain gene and 
implicate it in complex formation of the 
functional IL-2R. Other cytokine recep- 
tors, such as those for IL-3 (22, 23), IL-5 
(24, 25), IL-6 (26, 27), and GM-CSF (28, 
29), also contain two a and P subunits, 
(1 6). Because the p chain of IL-2R is also 

a member of the cytokine receptor family 
but the a chain is not, the heterodimers 
that consist of R and Y subunits of IL-2R 
may correspond' to the 'alp heterodimers of 
the other cytokine receptors. However, 
the a chain of IL-2R seems functionally 
similar to the a chains of the other cyto- 
kine receptors in that even on fibroblas- 
toid cells the a chain has ligand-binding 
ability without the other subunits (22, 24, 
26, 28). Thus, this high affinity is unusual 
among the cytokine receptors because it 
consists of three distinct subunits. 
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