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AB STRACT
We have cloned the IL-2 receptor gene from human genomic DNA libraries

using IL-2 receptor cDNA as probe. The genomic DNA segments that
hybridized with cDNA were subcloned in M13 phages and their sequences were
determined. The nucleotide sequences showed that the IL-2 receptor gene
was encoded by eight exons and that the coding region sequences agreed
completely with that of the IL-2 receptor cDNA cloned from a cell line
derived from adult T cell leukemia (ATL), in which IL-2 receptors are
expressed abnormally. The nucleotide sequence of the 5'-flanking region
had a putative promotor region, which had some homology with the human IL-2
gene. Transcription initiation sites were clustered about 25 bp 3' to the
TATA box as assessed by primer extension analysis. These sites for normal
and ATL T cells were the same. Exons 2 and 4 encoding the extracytoplasmic
portion had significant homology, suggesting that the two exons are derived
by duplication of an ancestral exon. Exon 2 contained six cysteine
residues, four of which are conserved at the corresponding positions in
exon 4.

INTRODUCTION

Molecular genetic studies have shown that DNA rearrangements and point

mutations contribute to immunoglobulin diversity (1-3). DNA rearrangements

were also shown to be involved in the generation of the genes encoding the

T cell antigen receptor (4). Although such random genetic events greatly

amplify the otherwise limited germline diversity of lymphocytes, such

events also sometimes produce byproducts that may react self-components.

Selection mechanisms are needed to counteract such auto-reactive

lymphocytes. Peripheral T cells stimulated by specific antigens

proliferate and consequently expand their progenies. The T cell prolifera-

tion is regulated by the interaction of a lymphokine, interleukin 2 (IL-2)

and its receptor (5). Both IL-2 and its receptor genes are transcribed

only in activated T cells after antigen stimulation.

An excessive number of IL-2 receptors are constitutively expressed on

leukemic cells or cell lines derived from adult T-cell leukemia (ATL) (6,
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7) that are infected by the human-C-type retrovirus HTLV-I/ATLV (human T-

cell leukemia virus/adult T-cell leukemia virus) (8, 9). The aberrant

expression of this growth factor receptor may be closely associated with

the leukemogenesis of ATL (10, 11). As a first step to understand the

molecular mechanisms of normal and aberrant regulation of the IL-2 receptor

gene, we have cloned human and mouse IL-2 receptor cDNA and studied their

primary structures elsewhere (12,13). Human receptor cDNA clones have also

been isolated by other groups (14,15). The IL-2 receptor gene is neither

grossly rearranged nor does the size of its mRNA differ in normal and ATL

cells.

Here, we cloned and characterized genomic DNA encoding the human IL-2

receptor. The complete nucleotide sequences of eight exons from normal

tissues ruled out the possibility of the any point mutations in the IL-2

receptor cDNA isolated earlier from ATL cell line MT-1. The nucleotide

sequence of the 5'-flanking region showed an interesting promotor

structure; we identified the sites where transcription was initiated.

MATERIALS AND METHODS

Materials - The restriction endonucleases, T4 ligase, reverse transcrip-

tase, T4 polynucleotide kinase, and an M13 sequence kit were purchased from

Takara Shuzo, Co., Ltd. or from Toyobo Co., Ltd. a-32p-dCTP (3000 Ci/mmol)

was obtained from Amersham and New England Nuclear.

Cloning of recombinant phages - The Charon 4A phage library containing

AluI-HaeIII partial digests of human fetal liver DNA we used was the

generous gift of T. Maniatis (16). A Charon 4A phage library containing

EcoRI partial digests of human placental DNA was made by N. Takahashi

(unpublished). Phages were screened as described elsewhere (17), using the

1.8-kb PvuII-HindIII fragment (probe a) of the IL-2 receptor cDNA as probe

(12).

Nucleotide sequence determination - Cloned phage DNA was digested by

restriction enzymes and fragments containing exons were identified by

Southern blot hybridization with IL-2 receptor cDNA as probe (18) Such

fragments were isolated, digested with other restriction enzymes, and

ligated with one of the M13 phage vectors (mp10, mpll, or mp18) (19). The

recombinant DNA was used for transfection of Escherichia coli JM103. The

phage containing an exon sequence were screened for by plaque hybridiation

using IL-2 receptor cDNA as probe (17). The positive M13 phage clones were

sequenced by the Sanger method (19, 20).
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Primer extension - A 17-base primer complementary to the sequence shown in

Fig. 3 was synthesized by an automatic DNA synthesizer (Applied Biosystems,

Model 310). The primer was phosphorylated by T4 polynucleotide kinase and

annealed to 5 jig of mRNA prepared from various cells. The samples were

reverse-transcribed and loaded on 8j urea gel as described before (21).

RESUJLTS AND DISCUSSION

Cloning of human IL-2 receptor gene -- Phage libraries containing human

placental or fetal-liver DNA were screened using a human IL-2 receptor cDNA

fragment (probe a in Fig. 1) as probe. Out of 3 x 106 phages in the

Probe a

Exon 1 2 3 4 5 6 7 8
cDNA _ UT

Gene
E BEE BBBBE E E
Probe b PbeC lOtkb

A33 B26

A39 A23

B6 A7

A 2 _q;§A E x

A12

Fig. 1. Organization of the human IL-2 receptor gene. Upper and lower
rectangles indicate cDNA and genomic DNA of the IL-2 receptor, respec-
tively. Dotted, closed, hatched, and horizontal rectangles in cDNA indi-
cate a signal peptide, extracytoplasmic region, transmembrance region, and
intracytoplasmic region, respectively. Closed rectangles in gene show
exons. Locations of exons were determined using marker restriction sites
or regions surrounded by restriction sites as followsl exon 1, PstI; exon
2, 1.1-kb SacI-XbaI region; exon3, 0.5-kb ApaI-EcoRI region; exon 4, PstI;
exon 5, StuI; exon 6, AatII; exon 7, 1 .5-kb EcoRI-XbaI region; exon 8,
HI. these sites are shown in Fig. 1 (clone A2) and Fig. 2. Horizontal

lines at bottom indicate isolated Charon 4A phage clones. A and B series
were isolated from the library of AluI-HaeIII partial digests and from that
of partial EcoRI digests, respectively. E, EcoRI; B, BamHl; S, Sacl; X,
XbaI; A, AaI. Probe a, HindIII-PvuII fragment of cDNA (1.8 kb); Probe b,
the 5'-EcoRI fragment of B6 (0.7 kb); Probe C, EcoRI fragment of A7 (1.3
kb); UT, untranslated region.
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libraries, four positive clones (A2, A7, A12 and B6) were found. Cleavage

mapping with restriction enzymes and Southern blot hybridization indicated

that many of the clones overlapped each other, as shown in Fig. 1. B26 and

A23 clones containing the regions 5' to clone A7 were isolated using the

1.3-kb EcoRI fragment of A7 as probe (probe c). These two clones did not

contain any fragments overlapping with clone B6. A33 and A39 clones were

isolated using the EcoRI fragment of B6 clone closest to the 5' end (probe

b) as probe.

As described elsewhere (12), three EcoRI fragments (10, 6, and 2.4 kb)

and two BamHI fragments (30 and 7 kb)) of human placental DNA hybridized to

IL-2 receptor cDNA. Here, when all of the genomic clones were digested

with EcoRI or BamHI and transferred to nitrocellulose filters, five EcoRI

fragments (10, 6, 2.4, 1.3, and 1.1 kb) and a BamHI fragment (7 kb) hybri-

dized with the IL-2 receptor cDNA, which mostly agreed with the earlier

results. The smallest two EcoRI fragments might have been overlooked

before because they were not efficiently transferred to the filters. There

must be another BamHI site in a uncloned region, which is required to

account for the 30-kb fragment.

Nucleotide sequence determination of the IL-2 receptor gene -- Nucleotide

sequences of exons and their flanking regions were determined according to

strategies shown in Fig. 2. The sequences showed several interesting

features of this gene (Fig. 3). First, the IL-2 receptor gene was encoded

by eight exons. Since the leader peptide, transmembrane, and cytoplasmic

regions are roughly encoded by exons 1, 7, and 8, respectively, each of

these exons corresponds to a functional domain (Fig. 1). The exon and

intron boundaries are located between the first and second letters of the

codons except for the boundary between exons 7 and 8, which are split after

the second letter. Second, the sequences of the coding regions of normal

tissues were identical to the published cDNA sequence (12, 14), indicating

that no point mutations had occurred in the protein-coding regions of the

IL-2 receptor gene of the two ATL cell lines MT-1 and HUT102.

Homology of exons 2 and 4

Comparison of the amino acid sequences of different exons showed

significant homology between exons 2 and 4, as shown in Fig. 4. The homo-

logous residues were not highly clustered, but rather were dispersed

throughout the exons. These results are most easily explained by the

assumption that exons 2 and 4 were created by duplication of an ancestral

exon. A similar region of homology was found out in the cDNA sequence by
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Fig. 2. Sequencing strategy of exons. Horizontal arrows indicate direc-
tions of sequences read. Broken lines show regions where sequences were
not read. Vertical lines indicate restriction sites used for sequencing.
Closed rectangles show exons. The initiation condon (ATG) and poly A
addition signal are also indicated.

Cosman et al. (15). They suggested the possibility that exon 4 is

generated by a transposable element, because the second homology region in

the cDNA sequence corresponding to exon 4 is flanked by 8-bp direct repeats

(Fig. 3). The 5' repeat was at the end of exon 3 and the 3' repeat at the

end of exon 4. It is particularly interesting that the same sequence was

found in the intron immediately 5' to exon 4. Thus, exon 4 was surrounded

by direct repeats in the genomic sequence as well. However, the 8-bp

repeat sequence is absent in the mouse IL-2 receptor cDNA (13), suggesting

that the direct repeat sequences are not involved in the exon duplication.

The deletion of the sequence corresponding to exon 4 in short mRNA (14, 15)

could be due to misrecognition of the homologous sequences at the 3'-ends

of exons 3 and 4 by the splicing machinery. The defective IL-2 receptor

molecule produced by cDNA that deleted exon 4 in COS cells showed the loss

of the reactivity with anti-Tac and 2A3 monoclonal antibodies and the
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Exon 1 GAATTCTcAG GATcCTTCAG TTCGCCGCAT CCTTCTCCAT TATTTGAATA TTGGAGGCTG CCTGACCAGA ATCTTGTCAG GACTTTGCTC CTTCATCCCA 100

GGTGGTCCCG GCTGACTCCT GAGGACGTTA CAGCCCTGAG GGAGGACTCA GCTTATGAAGGpGCTGA GACCACTGCC AAGAAGTGC, TGCTCACCTA 200

CCTTCAACGG CAGGGGAATC TCCCTCTCCT TTTATGGGCG TAGCTGAAGA AAGGATTCAT AAATGAA&14 CAASCCTTT CTCACCCCA GCCCAACCTC 300

CA%2CAA2TGAATGl^OAAAAA AAAAACCTGG TTTGAAAAAT TACCGCAAAC ZASZATGTCA AAAAAAAAAA AAACACTTCC TATGAG 400

ATGAGAGAAG AGAGTGC1^A$G dCAGTTTCCT GGCTGAACAC GCCAGCCCAA TACTTAAAGA JAGCICG C TGACTCCGAT AGAGACTGGA nr4MCCACA 500

3 W AG CCCAGGCGGA CCGATCTTCC CATCCCACAT CCTCCGGCGC GATGCCAAAA AGAGGCTGAC GGCAACTGGG CCTTCTGCAG AGAAAGACCT 600

CCGCTTCACT GCCCCGGCTG GTCCCAAGGG TCAGGAAGAT GGATTCATAC CTGCTGATGT GGGGACTGCT CACGTTCATC ATGGTGCCTG GCTGCCAGGC 700
Me tAspSerTyr LeuLeuMetT rpGlyLeuLe uThrPheIle MetValProG lyCysGlnAl

AGGTAAGGGC C
aG

Exon 2 TATAGGCTTC TTTTCGTlTC GAGAGCTCTG TGACGATGAC CCGCCAGAGA TCCCACACGC CACATTCAAA GCCATGGCCT ACAAGGAAGG AACCATGTTG 100
luLeuCy sAspAspAsp ProProGluI leProHisAl aThrPheLys AlaMetAlaT yrLysGluGl yThrMetLeu

AACTGTGAAT GCAAGAGAGG TTTCCGCAGA ATAAAAAGCG GGTCACTCTA TATGCTCTGT ACAGGAAACT CTAGCCACTC GTCCTGGGAC AACCAATGTC 200
AknCysGluC yaLysArgGl yPheArgArg IleLysSerG lySerLeuTy rHetLeuCys ThrGlyAsnS erSerHisSe rSerTrpAsp AenGlnCyaG
AATGCACAAG CTCTGGTAAG TGTCCTTCTG TGACTACCAG ACAAAGA
lnCysThrSe rSerA

Exon 3 CTCAGCAGCC AGACACCACC AGACACATCG TGGGCCCTGG ACAGGTGTGC TTCTCAAGTG AATGAATACA TGAACAGTGT TCTATGAA GCATTTGTGA 100

AATTATCTGC ATCATTCCAT CTATATTTTC TAGCCACTCG GAACACAACG AAACAAGTGA CACCTCAACC TGAAGAACAG AAAGAAAGGA AAACCACAGA 200
laThrAr gAenThrThr LysGlnValT hrProGlnPr oGluGluGln LysGluArgL ysThrThrGl

AATGCAAAGT CCAATGCAGC CAGTGGACCA AGCGAGCCTTCAGGAGA CATGAATCTG
uMetGlnSer ProMetGlnP roValAspGl nAlalerLeuProGD

Zxon 4 CCTGGACTCA CTCGCGGTGC TGTCCCCAAC TTOCCTTCAG AGCGTTCCTT CCATC_C_ GCA GGGAACCTCC ACCATGGGAA AATGAAGCCA 100
D1y-HiCysA rgGluProPr oProTrpGlu AsnGluAlaT

CAGAGAGAAT TTATCATTTC GTGGTGGGGC AGATGGTTTA TTATCAGTGC GTCCAGGGAT ACAGGGCTCT ACACAGAGOT CCTGCTGAGA GCGTCTGCAA 200
hrGluArgIl eTyrHisPhe ValValGlyG lnMetValTy rTyrGlnCys ValGlnGlyT yrArgAlaLe uSHiArgGly ProAlaGluS erValCysLy
AATGACCCAC GGGAAGACAA GGTGGACCCA GCCCCAGCTC ATATGCACAG GTGAAATGGA GACCAGTCAG T GGGTGGCTCC TTCTGGG
sNetThrHis GlyLysThrA rgTrpThrGl nProGlnLeu Il.CysThrC lyGluMetGl uThrSerGln PheProG D

Zxon 5 GGGTGGAGTG AGCCCSGACT CCTGTGTTA GCTCCACCAG CATCACTTAC TCTCTCCCCC AGGTGAAGAG AAGCCTCAGG CAAGCCCCGA AGGCCGTCCT 100
lyGluGlu LysProGInA laSerProGl uGlyArgPro

GAGAGTGAGA CTTCCTGCCT CGTCACAACA ACAaGTGCGG GAGAAGACAA ACGCTGGACC ACAGAGGCCT AGTCCAAAAG GGCAGGGGTG ACCAGGAGCC 200
GluSerGluT hrSerCyL uValThrThr ThrA

AGGCTCAGGG AGATAGGCGG AGGTGACCTG TAGOGGAGA GCCACAGCAG CC

Exon 6 CCTCACCACC ACCACGTGTC TCCCACCAGC CTCTGAGCTT CTCATTCACA GAGACACCCT GACTTCCTTT AGCCTCGTGC TGTCCTAAAG TCACGGTAGC 100

AGGAGTGTCT CTCTTTATCT CTTTTTCACA GAT!TSCAAA TACAGACAGA AATGGCTGCA ACCATGGAGA CGTCCATATT TACAACAGAG TACCAGGTAG 200
*pPheGlnl ldGlnThrGl uNstAlaAla ThrMetGluT hrSerIlePh *ThrThrGlu TyrGlnValA

CAGGTGA.GTG GGCACTGOC TTTGTGGACA AAATGTACAC CAGGCTGAGA TATGGACAGG TTGAACTGGT TAGT
1eV

Zxon 7 AGGCCCCTTT GCTGATCTCC CTCTCTCTAT TGACAGTGGC CGGCTGTr TTCCTGCTGA TCAGCGTCCT CCTCCTGAGT GGGCTCACCT GGCAGCGGAG 100
alAl aGlyCysVal PheLeuLeul leSerValLe uLeuLeuSer GlyLeuThrT rpGlnArgAr

ACAGTAAGTG TGGCATCACC AAGGCAGCCC TTGGTCAGAT CAAACGTCCT GTACCCAGCC ZCACCCTGCC CTCCCCCCTA CCCCCTCCAT GCTCTCTCTA 200
gGl

ATCACCTGCA GTTCAGGGAG TGTCAAAGGG AGAGG

Ixon 8 TACCAAGGOC TGCCTTGGTG ATGCCACAC TACGCCC GCTGCCAGGT GAGCCCACTC AGGAGGAGGA CGCTGACCAC ATTTTTTTGG TGCCGTGTTA 100

CACATATAGC CGTGACTTTG TTACACCACT ACAGGAGGAC GAGTAGAAGA ACAATCTAGA AAACCAAAAG AACAAGAATT TCTTGGTAAG AAGCCGGGAA 200
nArgLy sSerArgArg ThrIleEnd

CAGACAACAG AAGTCATGAA GCCCAAGTGA AATCAAAGST GCTAAATGGT CGCCCAGGAG ACATCCGTTG TGCTTGCCTG CGTTTTGGAA GCTCTGAAGT 300

CACATCACAG GACACGGGGC AGTGGCAACC TTGTCTCTAT GCCAGCTCAG TCCCATCAGA GAGCGAGCGC TACCCACTTC TAAATAGCAA TTTCGCCGTT 400

GAAGAGGAAG GGCAAAACCA CTAGAACTCT CCATCTTATT TTCATGTATA TGTGTTCATT AAAGCATGAA TGGTATGGAA CTCTCTCCAC CCTATATGTA 500

GTATAAAGAA AAGTAGGTTT ACATTCATCT CATTCCAACT TCCCAGTTCA GGAGTCCCAA GGAAAGCCCC AGCACTAACG TAAA

Fig. 3. Exon sequences of human IL-2 receptor gene. Exon I contains a
promoter region and leader peptide. Horizontal arrows (A, B, C, and D)
indicate direct repeats. Inverted repeats -(I) are shown by thick
horizontal arrows. Two TATA boxes are underlined. The sequence
complementary to synthesized primer (17 bp) used in primer extension
analysis is boxed. Vertical arrows indicate four sites of transcription
initiation. The arrow head shows the 5'-end of cDNA clone Tac 2 (12).
Closed circles above bases indicate CAAT-like sequence.
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LULEiY ASpASPAS PROR LUILEPRO
EXON 2 GGCTICTTTTCGTTTCGAGAGCT TG1jGACGATGAc CGCCA GAGATCCC
EXON 4 CGTTCCTTCCATCTTCCAGGTCA( GcIAGGGAACC CACCA GGGAAAA

LYHI SFCY RGGLU PR RC RPGLUASN

H LATH LHELYsALLMETALATYRLYsGLUL H LEuAS
ACAC CCAC[ TCAAAGCCATGGCCTACAAGGA G AC T TTGAACT
TGA 3CCACC 6AGAGAATTTATCATTTCGTGGT A TTTATT
GLU LATH LUARGILETYRHISPHEVALVAL & GLN AiVALTYR

CYSGL Y LYSAR L PH R ARGILELYSSE JL ERLEUTYRMET
GTGA G AGAG G TT 6 AGAATAAAAAGC GG CACTCTATATG

ATCA TCCAG G A G CTCTACACAG 6 CTGCTGAGAGC
TYRGL V ALGL Y R LALEUHISAR kLPROALAGLUSER

LE YsTHRGLYASNSERSERHISSERSE ASPASN L CYSGL
CT TGT1ACAGGAAACTCTAGCCACTCGTCC GGGACAAC-- FAT GTCA
GT G6CAAAATGACCCACGGGAAGACAAGGIGG CtCAGCCc rA TCAT.
VA CYS.LYSMETTHRHISGLYLYSTHRAR rRf HRGLNPRCOLF LEUIL

YCYSTHF SE R
AGCACA-------AGCT ---------GGTAAG

A GTGAAATGGAGACGT AGTTTCCAGGTAGG
EL.Yj1THFGLYGLUMETGLUTHHF j LNPHEPRO

Fig. 4. Homology between exons 2 and 4. Upper and lower sequences are
exons 2 and 4, respectively. Homologous amino acids are boxed. vertical
dots indicate homologous nucleotides. Deletions were introduced to maxi-
mize homology.

absence of the binding activity to IL-2 (14, 15). Since human IL-2 is

effective in both human and murine T cells, the structure conserved between

the two species may be functionally important. Comparison between mouse

and human IL-2 receptor genes indicates that exon 2 (64.1%) and exon 4

(65.3%) are more conserved than other extra-cytoplasmic regions (13).

These results suggest that the regions encoded by exons 2 and 4 of the IL-2

receptor gene may be important in IL-2 binding ability.

Pfeffer and Ullrich (22) found that receptors for plasma low-density

lipoprotein (LDL) and epidermal growth factor (EGF), and EGF precursor (a
receptor-type structure) contain a cysteine-rich repeated sequence. Eight
repeated cysteine-rich regions may contribute to a looped, rigid
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LDL-binding domain in the receptor (23). All 12 of the cysteine residues

of the human IL-2 receptor are conserved in the murine receptor (13). Four

out of six cysteine residues of exon 2 were conserved in exon 4 in both

human and murine IL-2 receptors (Fig. 4). Exons 5 and 7 contained one

cysteine residue each that is conserved between man and mouse. The extra-

cellular region of the IL-2 receptor contained two cysteine-rich domains

(encoded by exons 2 and 4) containing 60 - 72 amino acids, analogous to the

other receptors mentioned above. Some of the cysteine residues conserved

in exons 2 and 4 may form disulfide bonds between each pair if the domains

encoded by these exons are oriented side by side in the same direction.

Such a structure may have a pocket for binding IL-2.

Characterization of the promotor sequence

To identify the transcription initiation site, we did primer extension

experiments using a synthetic 17-bp nucleotide complementary to the

sequence 132-148 bp upstream of the initiation codon. The initiation sites

were multiple, major sites being 29, 68, 69, 71, and 72 bp upstream of the

5'-end of the primer as shown in Fig. 5. The initiation site closest to

the 3'-end, as identified by primer extension, was close to the 5'-end of

the longer cDNA clone previously isolated (12) (Fig. 3). Although there

were some variations in the relative intensity of the initiation sites, the

locations of the sites were similar among all the mRNA of activated and

HTLV-transformed T cell lines. We identified two TATA boxes within a 70-bp

region upstream of the 5' initiation site (Fig. 3). The 3'-TATA box may be

responsible for most of the initiation sites detected because the distance

from the 5'-cluster of initiation sites was 23 - 27 bp, which is common to

many eukaryotic genes. However, we cannot exclude the possibility that

both TATA boxes are functional.

There were several interesting sequences in the 5'-flanking region of

the IL-2 receptor gene (Fig. 3). Inverted repeat sequences (9-bp) with a

31-bp spacer were found 76-bp upstream of the 3'-TATA box. There were

three pairs of direct repeats of 8 - 9-bp with spacers of various lengths.

A CCAAT-like sequence (24) was located 115-bp upstream of the 3'-TATA box.

There was a long A cluster (A21) 8 bp 5' to the 3'-TATA box. A shorter A

cluster (A10 ) is located 26 bp 5' to the 5' TATA box. We do not know if

these A clusters have any functional significance, although the clusters

were also conserved in the murine IL-2 receptor gene (unpublished).

We compared the nucleotide sequences of the promotor regions of the

genes encoding IL-2 (27) and its receptor because both genes are activated
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Fig. 5. Transcription initiation sites identified by primer extension.
Lanes shown in the right indicate primer extension analysis. The sequence

shown at the left was identified using the same primer except for the
absence of the 5'-phosphate as used for primer extension with M13 phage
clone containing the sense-strand. Numbers show nucleotides from the
5'-end of the primer. The extended primers run slightly faster than the
corresponding bands in the sequencing gel because of one additional
phosphate charge. Origins of RNA are: lane a, ATL-2; lane b, MT-1; lane c,

YT; lane d, YT cells stimulated by IL-2 and ATL derived factor (26); lane
e, normal T; lane f; normal T cells stimulated by IL-2.
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IL-2 receptor TTT ------- (49) ---------- t G --- (5) --- AGT AG
IL-2 ------- (54) --------- C--- (9)--- I&~&QrTCc CACT

334 436

Fig. 6. Homologous sequences surrounding the promotor regions of the IL-2
and IL-2 receptor genes. Dashes indicate non-homologous sequences, with
numbers of nucleotides in parentheses. Vertical arrows indicate
transcription initiation sites. Homologous nucleotides are boxed.
Nucleotide sequence of the It-2 gene was taken from Fujita et al. (27).

upon antigen stimulation through the T cell antigen receptor (Fig. 6).

There is a 9-bp homologous sequence about 50 bp upstream of the TATA boxes

of the two genes. Short homologous sequences were found in the region 5'

to the transcription initiation site. We do not know the physiological

meaning of these homologies.

Poly (A) addition sites

Although two species of IL-2 receptor mRNA (1.4 and 3.5 kb) are pre-

sent in various human T cell lines, we previously isolated only the cDNA

clone corresponding to the 1.4-kb mRNA (12). This cDNA clone contains a

3'-untranslated region of about 320-bp containing a poly (A) addition

signal (ATTAAA). Leonard et al. (14) isolated a cDNA clone containing a

1340-bp 3'-untranslated region without a poly (A) stretch. They identified

a second poly (A) addition signal (AATAAA) 225-bp downstream of the first

signal. We have recently cloned another cDNA containing a 2.3-kb

3'-untranslated region corresponding to the 3.5-kb mRNA. All of these cDNA

have the identical coding regions. We have tested whether the 2.3-kb

3'-untranslated region is split by an intron in the genomic DNA. The

restriction cleavage sites (with HincII, HpaI and HaeIII) of the 2.3-kb

3'-untranslated region of the cDNA were indistinguishable from those found

immediately 3' to exon 8 of the genomic clone. These results indicate that

exon 8 extends 1.9 kb further than shown in Fig. 3 towards the 3' direc-

tion, and contains another poly(A) addition site that has not yet been

identified by the nucleotide sequence. Si nuclease experiments showed that

all of the three poly (A) addition signals were used in normal as well as

transformed T cells (25).
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