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Deregulation of Interleukin-2 Receptor Gene Expression in 
HTLV-I-Induced Adult T-cell Leukemia 

Abstract. Infection of human T cells by human T-lymphotropic virus, type Z 
(HTLV-I), a retrovirus, is uniformly associated with the constitutive expression of 
large numbers of cellular receptors for interleukin-2 (ZL-2). Comparison with normal 
T cells shows that neither ZL-2 receptor gene organization nor ZL-2 receptor 
messenger RNA processing are altered in the leukemic cells. However, mitogenic 
stimuli activate ZL-2 receptor gene expression in normal T cells, whereas these 
stimuli paradoxically inhibit ZL-2 receptor gene transcription in HTLV-I-infected 
leukemic T cells. 

The type C retrovirus, human T-lym- 
photropic virus, type I (HTLV-I), has 
been identified as the etiologic agent in 
adult T-cell leukemia (ATL) (1). HTLV-I 
infection of human T cells is uniformly 
associated with expression of large num- 
bers of cellular receptors for interleukin- 
2 (IL-2) (2, 3). Together, IL-2 and its 
cellular receptor play an essential role in 
the control of normal T-cell growth (4). 
The relation of IL-2 receptor expression 
to HTLV-I infection is still unexplained. 
However, since most ATL cell lines do 
not transcribe IL-2 messenger RNA 
(mRNA) nor secrete IL-2, an autocrine 
growth model based on the continuous 
interaction of IL-2 with its receptor is 
unlikely (5). Furthermore, there is evi- 
dence that the IL-2 receptor is not the 
cellular receptor mediating entry of the 
HTLV-I virus (6). The finding that 
HTLV-I is not integrated at unique sites 
within the human genome argues against 
IL-2 receptor gene activation by adja- 
cent insertion of HTLV-I promoter-en- 

hancer sequences (7). We (8) and others 
(9) have recently isolated complemen- 
tary DNA's @DNA's) encoding the hu- 
man IL-2 receptor. Using these IL-2 
receptor cDNA probes, we have studied 
the deregulated expression of the IL-2 
receptor gene in HTLV-I-infected T 
lymphocytes. 

Fig. 1. Northern blot analysis of IL-2 receptor 
mRNA expression in normal T cells and ATL 
cell lines. Normal T cells were incubated in 
RPMI 1640 culture medium and stimulated for 
18 hours with PHA (1 d m l )  and PMA (50 ng/ 
ml). Total cellular RNA (10 kg) from unstimu- 
lated T cells (A), T cells stimulated with PHA 
and PMA (B), and ATL cell lines HUT 102 
(C), PUP6 (D), C91PL (E), MJ (F), and CSI 
MJ (G) were size-fractionated on formalde- 
hyde-agarose gels, transferred to nitrocellu- 
lose filters, and hybridized to pIL2R2 and 
pIL2R4 cDNA probes (8) labeled with '*P by 
nick translation. The origin and cell surface 
phenotype of these cell ATL lines have been 
described (3). 

To investigate the possibility that IL-2 
receptor expression reflects constitutive 
synthesis of IL-2 receptor mRNA, we 
used 32~-labeled IL-2 receptor cDNA to 
analyze total cellular RNA from five 
ATL cell lines by Northern blotting. 
Each of these ATL lines constitutively 
expressed IL-2 receptor mRNA species 
similar in size to those present in mito- 
gen-activated normal T cells (Fig. 1). 

In an attempt to detect subtle differ- 
ences between IL-2 receptor mRNA spe- 
cies from ATL cells and those from 
normal T cells, which might not have 
been evident in the Northern blotting 
analyses, we performed S1 nuclease pro- 
tection studies with IL-2 receptor 
mRNA obtained from normal T cells and 
ATL cells (Fig. 2). As reported earlier 
(8), the formation of mature IL-2 recep 
tor mRNA involves extensive post-tran- 
scriptional processing, including alter- 
nate splicing and the use of at least two, 
and probably three, separate polyadenyl- 
ation [poly(A)] sites. In a first set of 
experiments, we used the Eco RI-Nae I 
cDNA fragment of pIL-2R3, correspond- 
ing to 910 base pairs (bp) at the 5' end of 
the published sequence of pIL-2R3 (8). 
This fragment contains an internal 216- 
bp segment that may be removed by 
alternate splicing (8, 9). Each of the ATL 
cell lines, like normal activated T cells, 
expressed both spliced and unspliced 
forms of IL-2 receptor mRNA's (Fig. 2). 
The spliced mRNA was detected in the 
S1 nuclease protection assay by identify- 
ing two fragments of sizes 549 bp and 155 
bp, indicating the lack of protection 
within the 216-bp segment of the labeled 
Eco RI-Nae I fragment. The unspliced 
mRNA species is translated into an IL-2 
binding receptor (8), but the function and 
the protein product encoded by the alter- 
nately spliced mRNA species are still 
undefined. 

In a second series of S1 nuclease ex- 
periments, the 3' Bgl I-Eco RI fragment 
of pIL-2R3 corresponding to base pairs 
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b A B C D E F Q  Fig. 2. S1 nuclease protection assay of IL-2 
-- 8 r- 1550 r-ceptor mRNA in normal T cells and ATL 

11s. Total RNA from resting T cells (A), T 
+.m Ils stimulated with PHA and PMA (B) .  

UT 102 (C), PUP6 (D), C91lPL (El, MJ (F), 
~d C5IMJ ( G )  was hybridized either to the - 
P-labeled single-stranded M 13 IL-2 receptor 
i' probe" (Eco RI-Nae I fragment, base 
lirs 1 to 910, left panel) or "3' probe" 
Igl I-Eco R1 fragment, base pairs 785 to 
35, right panel) and subsequently digested 

obe ith S1 nuclease. The solid region depicted 

e ithin the IL-2 receptor cDNA clone plL-2R3 
presents the 216-bp segment that may be 
moved by alternate splicing (8).  Size mark- 
s indicate the migration of -"P-phosphory- 
led pBR322 Hinf 1 fragments. Each of the 
spective cDNA probes was subcloned into 

Jpnage MI,. alng~e-srranaea UNA complementary to mRNA was uniformly labeled by 
~ I L - Z R ~  6 . 1  primer extension (15-base M13 primer, PL Laboratories) using the large fragment of DNA 
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polymerase I (New England Nuclear) in a buffer containing I mM each of the triphosphates of 
EZ! deoxycytosine, deoxyguanosine, and thymidine; 5pM deoxyadenosine triphosphate (dATP); 

and 2.5 p ~ [ r ( " P ] d ~ T P  (400 Cilmmol, Amersham). After digestion with Hind 111, the homoge- 
neously labeled DNA was electrophoresed on lining 5 percent polyacrylamide, I ~d single-st 3 (180 mM tris-borate, 
180 mM boric acid, and 2 mM EDTA). The t ;pending in size to the desired pl xcised. elel and precipitated with 
ethanol. Total cellular RNA (5 kg) was then t at 50°C for 16 hours to the probe ,m) in a bu ling 0.2M NaCI, 0.2M 
Pipes (pH 6.81,s mM EDTA. and 70 percent fc  The reactants were then digested ]nits of S1 I loe hringer-Mannheim) 
in a buffer containing 0.25M NaCI, 30 mM sodlum acerare @H 4.4). and 1 mM ZnClz for 30 rnlnures at 37OC. The samples were then analyzed on a 
sequencing gel prepared with 5 percent polyacrylamide, 8M urea, and single-strength TBE. 
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785 to 2335 (8) was used to study the 
RNA poly(A) signal sequences. These 
studies revealed three major bands, indi- 
cating the use of three different poly(A) 
signals. We had earlier proposed three 
potential poly(A) sites, including the se- 
quence ATTAAA (A, adenine; T, thy- 
mine) at position 1298, AATAAA at po- 
sition 1523, and a third site 3' to the end 
of the isolated pIL-2R3 clone (8). As 
shown in the S1 nuclease protection as- 
says (Fig. 2), ATL cells utilize each of 
these three possible poly(A) signals. Fur- 
thermore, the frequency of use does not 
differ substantially from that occurring in 
normal activated T cells. Thus, IL-2 re- 
ceptor mRNA processing appears to be 
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quite similar in normal T cells and ATL 
cells. 

Expression of a full-length IL-2 recep- 
tor cDNA isolated from HUT 102 cells in 
either COS-1 (8) or L cells (10) resulted 
in the display of IL-2 receptors that 
recapitulated the abnormal receptor size 
characteristic of HUT 102 cells (molecu- 
lar size 50 kD, compared to 55 kD in 
normal activated T cells). The IL-2 re- 
ceptor aberrancy in the HUT 102 cell 
line is secondary to altered post-tran- 
scriptional processing but specific for the 
IL-2 receptor since other cell surface 
glycoproteins are processed normally 
(11). These findings suggest the possibili- 
ty that differences in the primary struc- 

ture of the normal and HUT 102 IL-2 
receptor may exist. However, no unex- 
pected fragments were obtained in the S1 
nuclease protection assays with either 
mRNA from normal activated T cells or 
mRNA from two M13 subclones derived 
from the HUT 102 cDNA that spanned 
the entire protein coding region of the 
IL-2 receptor. These data suggest that 
the amino acid sequence of the IL-2 
receptor in normal T cells and ATL cells 
are identical. Notwithstanding, it is pos- 
sible that the S1 nuclease protection as- 
says may fail to detect single base pair 
mismatches. Final resolution of the 
question of potential differences in the 
primary sequence of the IL-2 receptor in 

z"  [ HLA Fig. 3 (left). Southern blot analysis of HTLV- 
23. I-infected T cells from ATL patients. DNA - from normal T cells (G) and from T-cell lines 

6 . 5  - - 8.0 established from the peripheral blood of six 
ATL patients [YO (A), TO (B), TA (C), ST 

a 
C 

4 . 4 .  Trensferrin receptor (Dlt SK (Elt and HA (F)1 was digested with - -  Eco RI, size-fractionated on agarose gels, 
transferred to nitrocellulose paper, and  hy- 
bridized with 32P-labeled pIL2R2 and pIL2R4 

= 0 
cDNA probes (8). Size markers indicate mi- 

0 3 6 9  15 24 48 72  eration of lambda DNA-Hind 111 fraements. 
- 1.4 Time (hours) Fig. 4 ((right). Nuclear transcription assays in 

HUT 102 cells. HUT 102 cells were stimulat- 
ed with PHA (1 pg/ml) and PMA (50 ng/ml). At the indicated times, nuclei were isolated and 

, assayed for specific transcriptional activities of genes encoding HLA (O), IL-2 receptor (A), 
and transfemn receptor (m). In vitro transcription assays with isolated nuclei were performed 
as described (17). Briefly, nascent RNA chains were allowed to elongate in isolated nuclei in the 
presence of  label labeled uridine triphosphate. The labeled nuclear RNA was then purified by 
deoxyribonuclease and proteinase K digestion, phenol extraction, and ethanol precipitation. 

Equivalent amounts of 32P-labeled nuclear RNA were then hybridized to excess amounts of specific cDNA probes immobilized on nitrocellulose 
filters. The amount of labeled nuclear RNA bound to the filters was determined by liquid scintillation'counting. The transcriptional activity is 
expressed as parts per million. The specific parts-per-million value was determined by subtracting the background hybridization to pBR322 DNA 
from the actual radioactivity measured. This specific value was then divided by the total input radioactive nuclear RNA (in counts per minute) 
and multiplied by lo6. 
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HUT 102 and normal T cells must await 
complete nucleotide sequence analysis 
of the normal IL-2 receptor gene. 

To investigate whether the constitu- 
tive high-level expression of IL-2 recep- 
tor mRNA was secondary to HTLV-I- 
induced perturbation of the IL-2 recep- 
tor gene structure, we performed South- 
ern blot analyses of restricted DNA ex- 
tracted from leukemic T-cell lines estab- 
lished from the peripheral blood of six 
ATL patients (Fig. 3). The five Eco RI 
restriction fragments for the IL-2 recep- 
tor were identical in size in both the ATL 
and normal T cells. These data suggest 
that HTLV-I-associated IL-2 receptor 
expression is probably not due to, or 
associated with, IL-2 receptor gene rear- 
rangement. Furthermore, these studies 
provided no evidence for selective IL-2 
receptor gene amplification in the ATL 
cell lines studied. The single-copy IL-2 
receptor gene is located on the short arm 
of chromosome 10 (10~14-15) (12). 
Karyotype analysis of several ATL cell 
lines has not revealed consistent translo- 
cations involving chromosome 10, sug- 
gesting that chromosomal breakage is 
not involved in the high-level expression 
of IL-2 receptors characteristic of ATL 
cells. 

To further study the deregulation of 
IL-2 receptor gene expression in ATL 
cells, we used nuclear transcription as- 
says with isolated HUT 102 nuclei (Fig. 
4). In contrast to normal T cells, which 
must be activated with antigen or mito- 
gen before IL-2 receptors are expressed 
(13), the IL-2 receptor gene was consti- 
tutively transcribed in HUT 102 cells. 
This constitutive expression of the IL-2 
receptor gene may reflect direct or indi- 
rect trans-acting transcriptional activa- 
tion by the "LOR protein" encoded by 
the long open reading (LOR) frame asso- 
ciated with the pX region of HTLV-I. 
Sodroski et al. (14) showed that the LOR 
region of HTLV-I encodes a 42-kD pro- 
tein that can enhance the transcription of 
genes under the control of the HTLV-I 
long terminal repeat (LTR) in a trans- 
acting manner. These authors have spec- 
ulated that the LOR protein enhances 
HTLV-I replication and also may acti- 
vate cellular genes involved in neoplastic 
transformation. 

In normal T cells, stimulation with 
phytohemagglutinin (PHA) and phorbol 
myristate acetate (PMA) induces tran- 
scription of the IL-2 receptor gene within 
3 hours (15). Paradoxically, stimulation 
of HUT 102 cells with PHA and PMA 
resulted in rapid and selective inhibition 
of IL-2 receptor gene transcription (Fig. 
4). This effect was not the result of a 
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"Where" and "What" in Vision 

Abstract. The mixture of a few horizontal and vertical line segments embedded in 
an aggregate of diagonal line segments can be rapidly counted and their positions 
rapidly determined by a parallel (preattentive) process. However, the discrimination 
between horizontal and vertical orientation (that is, discrimination of a single 
conspicuous feature) requires serial search by focal attention. Under recent theories 
of attention, focal attention has been assumed to be required for the recognition of 
different combinations of features. According to the Jindings of this experiment, 
knowing "what" even a single feature is requires time-consuming search by focal 
attention. Only knowing "where" a target is is mediated by a parallel process. 

Traditionally, psychologists differenti- 
ate between detection and discrimination 
tasks. Detection is considered an easier 
task since the observer requires less in- 
formation, whereas discrimination en- 
tails some further computation. Here we 
suggest that detection and localization 
can be done in parallel, and that the 
further computation required for dis- 
crimination is done by a serial process. 
By measuring processing time for detec- 
tion and discrimination of orientation, 
we found that processing time is inde- 

pendent of the number of targets to be 
detected but depends on the number of 
targets to be identified. Furthermore, the 
processing time that is required to detect 
a small number of targets is sufficient to 
locate them quite accurately. That pro- 
cessing time is independent of the num- 
ber of targets indicates that the targets 
are processed in parallel, whereas the 
dependence of processing time on the 
number of targets indicates serial pro- 
cessing. This serial process is required 
for even such a simple task as discrimi- 
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