
Close Association between Interleukin 2 Receptor mRNAExpression and
HumanT Cell Leukemia/Lymphoma Virus Type I Viral RNAExpression in Short-
term Cultured Leukemic Cells fromAdult T Cell Leukemia Patients
Hiroshi Umadome, Takashi Uchiyama, Toshiyuki Hod, Shigeki Tamori, Tomomi Motoi, Koichi Araki, and Haruto Uchino
The First Division of Internal Medicine, Faculty of Medicine, Kyoto University, Kyoto, Japan; The Second Division
of Internal Medicine, School of Medicine, University of the Ryukyu, Okinawa, Japan

Abstract

Human T cell leukemia/lymphoma (T-lymphotropic) virus
type I (HTLV-I) infection has been considered to be closely
associated with the leukemogenesis of adult T cell leukemia
(ATL), in which interleukin 2 (IL-2) receptors are abnormally
expressed. In this study, however, Southern blot analysis re-
vealed no gross rearrangement or obvious amplification of the
IL-2 receptor gene in ATL leukemic cells, indicating that ab-
normal IL-2 receptor expression in ATL is not due to the
structural change of its gene. Hence, we studied the expression
of the IL-2 receptor and HTLV-I at the RNAlevel during
short-term cultures of leukemic cells from 9 ATL patients.
Cytoplasmic dot hybridization and Northern hybridization re-
vealed that fresh leukemic cells from seven of nine patients
expressed a small amount of IL-2 receptor mRNAbut HTLV-
I RNAwas undetectable in all cases. After cultures for up to 7
d, both IL-2 receptor mRNAand HTLV-I RNA(including pX
message) expression concomitantly increased, whereas the
amounts of other cellular genes, except for jB-actin, did not.
The increases in their RNAexpression were inhibited by early
addition (within 12 h after the beginning of the culture) of
cycloheximide, indicating that these increases are mediated by
newly synthesized protein(s). These results strongly suggested
that IL-2 receptor expression is closely associated with
HTLV-I expression in leukemic cells from ATL patients.

Introduction

Human T cell leukemia/lymphoma virus type I (human T-
lymphotropic retrovirus type I; HTLV-I)' was first discovered
in a T cell line derived from an American patient with an
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1. Abbreviations used in this paper: ADF, ATL-derived factor; ATL,
adult T cell leukemia; ATLA, ATL-associated antigen; HPRT, hypo-
xanthine-guanine phosphoribosyl transferase; HTLV-I, human T cell
leukemia/lymphoma virus type I; LTR, long terminal repeat; STLV,
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aggressive type of cutaneous T cell lymphoma (1). Identifica-
tion of the same type of virus (2, 3) independently found and
isolated (4, 5) from a cell line derived from a Japanese adult T
cell leukemia (ATL) patient (6), and subsequent serological
(7-9) and virological (10) studies indicate that HTLV-I infec-
tion is closely associated with the leukemogenesis of ATL.
Recent studies (1 1, 12) demonstrating the transcriptional
transactivation of the HTLV-I long terminal repeat (LTR) by
pX region product(s) suggest that it plays a role in viral replica-
tion and possibly in transformation of T cells by transactiva-
tion of the cellular gene(s), which is directly or indirectly in-
volved in the cell growth.

The proliferation of the peripheral mature T cells initiated
by the stimulation of T cell receptor/T3 complex is controlled
mainly by the regulation of the production of interleukin 2
(IL-2) and the expression of its receptor (13, 14). Since the
demonstration of Tac antigen (IL-2 receptor) on leukemic cells
from ATL patients (15), we have reported the spontaneous
and continuous ("constitutive") expression and some abnor-
mal features of IL-2 receptors in ATL (16-18), and proposed
the hypothesis that abnormally expressed IL-2 receptors in-
duced by HTLV-I infection play a key role in the leukemo-
genesis of ATL.

The association of HTLV-I infection and IL-2 receptor
expression has been suggested from the following observations:
peripheral blood leukemic cells from ATL patients express
IL-2 receptors (15, 18); HTLV-I-infected cell line cells express
an enhanced number of IL-2 receptors (19); HTLV-I-infected
rat T cell lines and STLV (an analogous virus of HTLV-I in a
monkey)-infected cell lines express IL-2 receptors of each spe-
cies (20, 21). However, fresh peripheral blood leukemic cells
do not express HTLV-I viral antigen (22) or RNA(23) in most
cases. In addition, analyses of the HTLV-I proviral integration
site and the rearrangement of T cell receptor 3-chain gene
demonstrated that most cell lines cultured from ATL patients
are not the same clone as the leukemic cell clone (24-26). In
this context, it is important to study the relation of HTLV-I
and IL-2 receptor expression in leukemic cells from ATL pa-
tients but not cell lines.

In this paper we first performed Southern blot analysis of
the IL-2 receptor gene of leukemic cells from ATL patients to
see whether constitutive IL-2 receptor expression in ATL is
due to its structural changes. As no such abnormalities were
found, we next studied simultaneously both HTLV-I and IL-2
receptor expression at the RNAlevel, taking the advantage of
the enhancement of cell surface IL-2 receptor expression in
short-term cultured leukemic cells. And we will show the con-
comitant enhancement of HTLV-I viral RNAand IL-2 recep-
tor mRNAexpression during short-term cultures of peripheral
blood leukemic cells from ATL patients.
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Methods

Patients and diagnosis. Nine patients with ATL were studied (Table I).
Their ages ranged from 25 to 78 yr, and five of them were male. The
diagnosis of ATL was made by clinical features (6), morphological
characteristics (6), cell surface phenotypes of leukemic cells (15), serum
antibodies to ATL-associated antigens (ATLA) (4), and the HTLV-I
proviral integration (10) in DNAof leukemic cells. Peripheral white
blood cell count ranged from 35,000 to 249,000/mm3.

Cell separation and culture. Peripheral blood mononuclear cells
were separated from heparinized blood by Ficoll-Conray density gra-
dient centrifugation. Leukemic cells were cultured in RPMI 1640 me-
dium (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented
with 10%FCS(Gibco, Grand Island, NY), and 20 jsg/ml gentamicin or
tobramycin for 3-8 d. Normal peripheral blood mononuclear cells
without cultivation and those cultured with 0.1% phytohemagglu-
tinin-P (PHA-P) (Difco Laboratories, Detroit, MI) or with 0.1%
PHA-P and 10 ng/ml 12-O-tetradecanoylphorbol- I3-acetate (TPA)
(Sigma Chemical Co., St. Louis, MO) for 20 h were used as controls.
HTLV-I-infected Hut 102 and MT-I (kindly provided by Dr. I. Miyo-
shi, Kochi Medical School, Kochi, Japan) cell lines and HTLV-I-un-
infected HPB-ALL and HL-60 cell lines were maintained in RPMI
1640 medium containing 10% FCS. To examine the effect of cyclo-
heximide, leukemic cells were cultured with 10 jug/ml cycloheximide
(Sigma Chemical Co.).

Flow cytometric detection of IL-2 receptors. IL-2 receptors ex-
pressed on leukemic cells before and after cultures for 2 d were detected
by flow cytometric analysis after indirect immunofluorescence stain-
ing with anti-Tac monoclonal antibody (27, 28) as described pre-
viously (1 8).

Radiolabeled anti-Tac antibody binding assay. Radiolabeled anti-
Tac antibody binding assay was performed as described previously (18)
to measure the total number of IL-2 receptors.

Cytoplasmic dot hybridization. Cytoplasmic dot hybridization was
performed according to the method described by White et al. (29). In
brief, 5 X 106 cells were lysed by adding 0.5% Nonidet P-40 (Nakarai
Chemicals, Kyoto, Japan) in the presence of 10 mMVanadyl ribonu-
cleoside complex (Bethesda Research Laboratories Life Technologies
Inc., Bethesda, MD). After pelleting of the nuclei, the supernatant was
incubated with 7.4% formaldehyde and 6X standard saline citrate
(SSC; 0.15 MNaCl, 0.015 Mtrisodium citrate) at 60°C for 15 min.
The samples serially diluted with 15X SSC were then applied with
suction to a 4-mm diam spot on nitrocellulose filters (Schleicher &
Schuell, Dassel, FRG) employing a 96-hole apparatus (Minifold;
Schleicher & Schuell) starting with cytoplasmic extracts derived from
0.4 million cells with twofold serial dilution. The nitrocellulose filters
were baked at 75°C for 6 h. After prehybridization, the filters were
hybridized at 65°C for 14-18 h with 32P-labeled probes in hybridiza-
tion buffer containing I X modified Denhardt's solution, 1 MNaCl, 50

Table L Patients with ATL

Anti-ATLA HTLV-I
Case Age Sex WBC antibody provirus

per mm3

M.S. 24 M 38,000 + +

S.Yo. 59 M 47,000 + +

S.Ya. 54 F 48,000 + +

Y.S. 35 M 249,000 + +

S.H. 64 F 67,000 + +

T.O. 52 M 116,000 + +

Y.T. 66 F 35,000 + +

K.K. 49 F 44,000 + +

F.N. 78 M 38,000 + +

mMTris-HCl pH 7.4, 10 mMEDTA, 0.1% SDS, 50 Mg/ml denatured
salmon sperm DNA(30), and washed first in 2X SSC, 0.1% SDS at
room temperature for 30 min, then three times in 0.1 X SSC, 0.1% SDS
at 450C for 30 min. The exposure to x-ray films (RXO; Fuji Film Co.,
Tokyo, Japan) was done at -70'C with an intensifying screen (Grenex
G8; Fuji Film Co.).

Southern blot hybridization. High-molecular weight DNAwas pre-
pared as follows; 1 X I07 cells were suspended in 50 mMTris-HCl pH
8.0, 10 mMEDTA, 0.15 MNaCl, lysed by adding 0.3% SDSand 0.5 M
NaClO4, extracted with 0.5 volume each of water-saturated phenol
and a chloroform-isoamyl alcohol mixture (24:1). The water phase was
separated by centrifugation and extracted with an equal volume of a
chloroform-isoamyl alcohol mixture. After centrifugation the water
phase was collected and extensively dialyzed against 0.1 X SSC. 5 ,4g of
DNAextracted from each sample were digested with the appropriate
restriction endonucleases (Eco RI or Bam HI) (Toyobo Co., Ltd.;
Osaka, Japan), electrophoresed in a 0.7% agarose gel, transferred to a
nitrocellulose filter and baked (31). Hybridization, washing, and auto-
radiography were performed as described for cytoplasmic dot hybrid-
ization except washing at 650C.

Northern blot hybridization. Total cellular RNAwas purified by
guanidine isothiocyanate solubilization (32) followed by centrifuga-
tion through cesium chloride (33). Total RNA(20 Mg) was incubated in
1 Mglyoxal, 50% (vol/vol) dimethyl sulfoxide, 10 mMsodium phos-
phate buffer pH 7.0 at 50°C for 60 min (34), electrophoresed in 1%
agarose gel, transferred to a nitrocellulose filter, and baked. Hybridiza-
tion, washing, and autoradiography were performed as described for
cytoplasmic dot hybridization.

Probes. Tac-2 clone and Sau 3A fragment of IL-2 receptor cDNA
described elsewhere (35) were used for DNAand RNAanalysis, respec-
tively. For the analysis of HTLV-I viral RNAexpression, Acc I-Sma I
fragment (961 base pairs [bp]) of pX region containing pX II-IV (36)
generously provided by Dr. T. Honjo (Kyoto University, Kyoto) was
used. A 2.6-kb Hind III-Eco RI fragment of the human T cell receptor
,B-chain gene containing constant region of the human ,B-chain gener-
ously provided by Dr. T. Honjo (Kyoto University) (37), Hinf I frag-
ment of pIL-2-50A generously provided by Dr. T. Taniguchi (Osaka
University, Osaka) (38), Bam HI-Pvu II fragment of the human
pseudo-fl-actin gene generously provided by Dr. T. Kakunaga (Osaka
University, Osaka), 1.5 kb Sst I fragment of the human c-myc pro-
tooncogene that carries the second myc exon (Amersham Japan,
Tokyo), Pst I-Hind III fragment of mouse hypoxanthine-guanine
phosphoribosyl transferase (HPRT) cDNA kindly supplied by Dr.
C. T. Caskey (39) through Japanese Cancer Research Resources Bank,
and Eco RI fragment of the mouse rRNA gene generously provided by
Dr. R. Kominami (Tokyo University, Tokyo) were also used as probes.
These probes were nick-translated (40) using a-[32P]dCTP (3,000 Ci/
mmol) (Amersham Japan). Specific activity of the probes was
200-1200 cpm/pg.

Results

Expression of IL-2 receptors on fresh and cultured ATL leuke-
mic cells. More than 5%of the peripheral blood leukemic cells
from 8 of 9 patients with ATL examined expressed IL-2 re-
ceptors on their cell surface when stained with anti-Tac anti-
body. When examined after 2 d in culture, the proportion of
Tac(+) cells and the mean huorescence intensity were higher
than those of fresh leukemic cells, indicating the enhancement
of IL-2 receptor expression during cultures (Table II).

Radiolabeled anti-Tac antibody binding assay. In two pa-
tients, we studied the enhancement of IL-2 receptor expression
after short-term cultures of ATL leukemic cells by radiola-
beled anti-Tac antibody binding assay. Fresh peripheral blood
leukemic cells from the two patients expressed 2,200 and 2,800
anti-Tac binding sites per cell. After cultures for 2 d they ex-
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Table II. Expression of IL-2 Receptors in Fresh and Cultured
ATL Leukemic Cells

Fresh Cultured*

Case Positive MFI$ Positive MFI

M.S. 36.6 19.2 68.0 50.4
S.Yo. 12.6 10.1 25.3 52.4
S.Ya. 52.2 16.1 84.0 76.8
Y.S. 19.5 7.9 45.1 42.4
S.H. 9.9 5.5 31.7 9.7
T.O. 18.0 10.8 63.0 29.1
Y.T. 2.2 3.6 9.1 5.8
K.K. 47.0 21.7 58.8 50.2
F.N. 9.6 9.6 ND ND

* Leukemic cells were cultured for 2 d in medium alone.
$MFI; mean fluorescence intensity of total cells examined.
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pressed more anti-Tac binding sites (14,000 and 8,800, respec-
tively).

Southern blot analysis of the IL-2 receptor gene in ATL
leukemic cells. Southern blot analysis was performed on pe-
ripheral blood leukemic cells from seven ATL patients and
lymph node cells from one patient to see whether leukemic
cells, expressing IL-2 receptor constitutively, have some struc-
tural changes in the IL-2 receptor gene. Tac-2 probe hybrid-
ized with five Eco RI fragments (Fig. 1) and two Bam HI
fragments (data not shown) of high-molecular weight DNA
from peripheral blood leukemic cells of ATL patients and an
HTLV-I-infected cell line (MT- 1) as well as from normal pe-
ripheral blood lymphocytes. No obvious difference in the pat-
tern or intensity of bands was detectable, indicating neither
gross rearrangement nor apparent amplification of the IL-2
receptor gene in ATL leukemic cells.

IL-2 receptor mRNAexpression in fresh and cultured leu-
kemic cells. To determine whether the enhancement of IL-2
receptor expression after short-term cultures is associated with
the increase of IL-2 receptor mRNA, the expression of IL-2
receptor mRNAin fresh and cultured leukemic cells was stud-
ied using a cytoplasmic dot hybridization.

Data of three representative cases are shown in Figs. 2 A, 3
A, and 4 A. In case M.S. (Fig. 2 A), fresh leukemic cells ex-
pressed a small amount of IL-2 receptor mRNA, which was
about 1/24 that of Hut 102 cells. When the cytoplasmic ex-
tracts obtained after the cultivation of the leukemic cells were
examined, the expression of IL-2 receptor mRNAincreased
gradually, reached a peak on the fourth day, and then slightly
decreased on the seventh day. The maximal amount of IL-2
receptor mRNAexpressed was twice that of Hut 102 cells. In
case Y.S. (Fig. 3 A), fresh cells scarcely expressed IL-2 receptor
mRNA, but after culture for 1 d a large quantity of IL-2 re-
ceptor mRNAwas expressed. The maximal expression was
comparable to that of Hut 102 cells. In contrast, fresh leuke-
mic cells from patient Y.T. (Fig. 4 A) expressed virtually no
IL-2 receptor mRNA. In addition, the increase of its expres-
sion during short-term cultures was slight and the maximal
amount of IL-2 receptor mRNAwas much less than that of
Hut 102 cells. The patterns of the increase of IL-2 receptor

Figure 1. Southern blot analysis of the IL-2 receptor gene in ATL
leukemic cells. High-molecular weight DNAwas prepared from pe-
ripheral blood leukemic cells of the indicated patient. In case K.K.
both lymph node cells (LN) and peripheral blood leukemic cells (PB)
were analyzed. DNA(5 Mg) from each sample was digested with re-
striction enzyme Eco RI and loaded to each lane. After electrophore-
sis and transfer to a nitrocellulose filter, hybridization using Tac-2
probe was performed.

mRNAexpression in the remaining ATL cases examined were
similar to these three representative cases.

The characteristics of the IL-2 receptor mRNAexpression
in the nine ATL cases were: In fresh leukemic cells, the ex-
pression of IL-2 receptor mRNAwas detectable in seven of
nine patients and it varied from virtually no expression to 1/24
that of Hut 102 cells. After short-term cultures, the amount of
IL-2 receptor mRNAper cell increased although the degree
and the rate of its increase varied.

In cytoplasmic dot hybridization studies, the quantity of
IL-2 receptor mRNAper cell was measured. In addition, the
contents of IL-2 receptor mRNAper total cellular RNAwere
examined by Northern blot analysis (Fig. 5 A). Two species of
IL-2 receptor mRNA, 3.5 and 1.5 kb, were detected as re-
ported previously (35, 41). In case M.S. fresh leukemic cells
expressed a small amount of IL-2 receptor mRNAbut cul-
tured cells expressed much more IL-2 receptor mRNA. Simi-
larly, a remarkable increase of IL-2 receptor mRNAwas de-
tected in case Y.S. though fresh cells scarcely expressed IL-2
receptor mRNA.

HTLV-I viral RNAexpression in fresh and cultured leuke-
mic cells. Wenext examined the expression of HTLV-I viral
RNAusing the filters prepared from the same samples as IL-2
receptor mRNAstudies. Figs. 2 B, 3 B, and 4 B show the
HTLV-I viral RNAexpression in three ATL cases in which
IL-2 receptor mRNAexpression has been described above. In
contrast to virtually no viral RNAexpression in fresh leukemic
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genomic RNA, mRNAof env, and mRNAof pX, respectively
(42). Fresh leukemic cells expressed no detectable band of viral
RNAbut cultured cells expressed a large amount of viral RNA
including pX message.

Expression of T cell receptor d-chain mRNAin fresh and
cultured leukemic cells. T cell receptor ,8-chain mRNAexpres-
sion was simultaneously examined in fresh and cultured leu-
kemic cells from ATL patients. As shown in Fig. 2 C, the level
of T cell receptor 1-chain mRNAexpression of leukemic cells
from patient M.S., unlike IL-2 receptor mRNAor HTLV-I
viral RNAexpression, was not markedly altered during cul-
tures in cytoplasmic dot analysis. The same result was also
obtained in Northern blot analysis, where ATL leukemic cells
expressed two species of T cell receptor #-chain mRNAwith
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Figure 2. Expression of IL-2 receptor mRNA,HTLV-I viral RNA,
and T cell receptor #-chain mRNAin case MS. Leukemic cells were

harvested on the indicated day after short-term cultures. Cytoplasmic
extracts were prepared from fresh and cultured cells and spotted onto
nitrocellulose filters in vertical rows using twofold serial dilutions.
Cytoplasmic extracts derived from 4 X 10' cells were applied to the
uppermost spot of each vertical row. Each filter was hybridized with
probes for IL-2 receptor (A), HTLV-I (B), and T cell receptor U-chain
(C). HPB-ALL and Hut 102 cells were treated and spotted onto each
filter in the same manner.

cells, cultured cells expressed a clearly detectable amount of
viral RNAalthough the degree and the rate of increase in viral
RNAcontent during short-term cultures varied. In case M.S.
(Fig. 2 B), viral RNAexpression increased gradually, reached a

peak on the fourth day and then slightly decreased. The maxi-
mal amount of viral RNAexpressed during cultures was a half
of that of Hut 102 cells, which were reported to continuously
produce HTLV-I particles. Leukemic cells from case Y.S. (Fig.
3 B) required 1-d culture to express a large amount of viral
RNA. The maximal amount of viral RNAthey expressed was

comparable to that of Hut 102 cells. In case Y.T. (Fig. 4 B),
leukemic cells expressed slight viral RNAeven after cultiva-
tion. The pattern of the increase of HTLV-I viral RNAex-

pression was similar to that of IL-2 receptor mRNAexpression
in every case we examined.

In Northern blot analysis three major species of RNA(8.5,
4.2, and 2.1 kb) were detected (Fig. 5 B), which represent
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Figure 3. Expression of IL-2 receptor mRNA,HTLV-I viral RNA
and T cell receptor E-chain mRNAin case Y.S. Cytoplasmic dot anal-
yses of IL-2 receptor mRNA(A), HTLV-I viral RNA(B) and T cell
receptor 3-chain mRNA(C) expression before and after short-term
cultures are shown. The number of cells from which the cytoplasmic
extracts were derived and the manner of sample dilutions are the
same as described in Fig. 2. Data of fresh and PHA-stimulated pe-
ripheral blood mononuclear cells instead of HPB-ALL and Hut 102
cells are shown, indicated as PBL and PHA, respectively.
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hibitor, on the expression of IL-2 receptor mRNA, HTLV-I
viral RNAand T cell receptor #-chain mRNAin case M.S.
When 10 ug/ml of cycloheximide was added at the beginning
of the culture, such increases in IL-2 receptor mRNAand
HTLV-I viral RNAexpression as seen in the culture without
cycloheximide were not observed (Figs. 6 A and B). In con-
trast, the amount of T cell receptor U-chain mRNArather
increased by the addition of cycloheximide (Fig. 6 C). How-
ever, such an inhibitory effect of cycloheximide on the IL-2
receptor mRNAand HTLV-I viral RNAexpression was no
longer observed when it was added 24 h after the initiation of
the culture (Figs. 6 A and B).

Expression of other cellular genes in fresh and cultured
leukemic cells. Wealso studied the expression of other cellular
genes (fl-actin, IL-2, c-myc, HPRT, and rRNA) in relation to
the HTLV-I viral RNAexpression. Although fresh leukemic
cells expressed much more fl-actin mRNAthan IL-2 receptor
mRNA, the kinetics of f3-actin mRNAexpression during

ATL

Y.S.

day

0 1 3 8

28S
Figure 4. Expression of IL-2 receptor mRNA,HTLV-I viral RNA,
and T cell receptor U-chain mRNAin case Y.T. Cytoplasmic dot
analyses of IL-2 receptor mRNA(A), HTLV-I viral RNA(B), and T
cell receptor (-chain mRNA(C) expression before and after short-
term cultures are shown. The number of cells from which cytoplas-
mic extracts were derived and the manner of sample dilutions are the
same as described in Fig. 2.

different sizes, 1.3 and 1.0 kb, as reported previously (26). In
contrast, about 23- and 2 to 22-fold increases of T cell receptor
(-chain mRNAwere noted after l-d culture in cases Y.S. and
Y.T., respectively (Figs. 3 Cand 4 C). However, the increase of
IL-2 receptor mRNAwas more than 25-fold in these two cases

and Northern blot analysis showed no increase of T cell recep-

tor (-chain mRNAin case Y.S. (Fig. 5 C). Furthermore, leu-
kemic cells from case Y.T. expressed relatively abundant T cell
receptor (3-chain mRNAthough the expression of IL-2 recep-
tor mRNAand viral RNAwas slight.

Effect of cycloheximide on the expression of IL-2 receptor
mRNA, viral RNA, and T cell receptor (-chain mRNA. We
examined the effects of cycloheximide, a protein synthesis in-
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mow ww
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Figure S. Northern blot analyses of IL-2 receptor mRNA,HTLV-I
viral RNAand T cell receptor (3-chain mRNAexpression in cases
M.S. and Y.S. The total RNAwas extracted from leukemic cells har-
vested on the indicated day, HPB-ALL and Hut 102 cell line cells.
Total RNA(20 Mg) was loaded, electrophoresed, transferred to a ni-
trocellulose filter and hybridized with probes for IL-2 receptor (A),
HTLV-I virus (B) and T cell receptor (-chain (C).
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Figure 6. Effect of cycloheximide on the expression of IL-2 receptor
mRNA,HTLV-I viral RNA, and T cell receptor U-chain mRNA
after short-term cultures in case M.S. Cycloheximide (10 ,g/ml) was

added at 0 h (upper middle), 12 h (lower middle), and 24 h (bottom)
after the beginning of the culture as indicated by thick arrows. The
cells were harvested at the indicated time, and then cytoplasmic ex-

tracts were prepared from these cell samples and spotted onto nitro-
cellulose filters in vertical rows using twofold serial dilutions. As con-

short-term cultures was similar to that of IL-2 receptor mRNA
and viral RNAexpression especially in the cases in which IL-2
receptor mRNAand viral RNAexpression was markedly en-
hanced during short-term cultures as in cases M.S. and Y.S.
(Figs. 7 A and B). In other cases in which expression of IL-2
receptor mRNAand viral RNAwas slight even after short-
term cultures the increase of f-actin mRNAwas less than that
of IL-2 receptor mRNAor viral RNA(less than twofold) (Fig.
7 C). Furthermore, the addition of cycloheximide at the be-
ginning of or 12 h after the cultures inhibited the increase of
fl-actin mRNAas well as IL-2 receptor mRNAand viral RNA.
In contrast, the addition of cycloheximide at 24 h of cultures
inhibited the increase of (-actin mRNAbut not IL-2 receptor
mRNAor viral RNA(Fig. 7 D).

The expression of IL-2 mRNA(Fig. 8 A) and HPRT
mRNA(data not shown) was hardly detectable throughout
short-term cultures in every case. The expression of c-myc
mRNA(Fig. 8 B) was also hardly detectable in every case

except for two cases. In one case (case M.S.) the expression of
c-myc mRNAwas maximal on the fourth and fifth day of
culture when the expression of IL-2 receptor mRNAand viral
RNAwas also maximal (Fig. 8 B, left). In another case (case
S.Ya.) in which expression of IL-2 receptor mRNAand viral
RNAwas similar to that of case Y.T. (the data are not shown
in figures), c-myc mRNAwas expressed maximally in fresh
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trols, fresh leukemic cells and leukemic cells cultured for the indi-
cated time without cycloheximide were treated and spotted onto
nitrocellulose filters in the same manner (top). Cytoplasmic extracts
derived from 4 X 10 cells were applied to the uppermost spot of
each vertical row. The expression of IL-2 receptor mRNA(A),
HTLV-I viral RNA(B), and T cell receptor A-chain mRNA(C) was

analyzed.

leukemic cells and then decreased (data not shown). When the
amount of rRNA was assessed as an indicator of the amount of
total RNAapplied to each dot, no increase of rRNA compara-
ble to that of IL-2 receptor mRNAor viral RNAwas observed
during cultures (Fig. 8 C).

Discussion

As increasing evidence has demonstrated high homology or
structural similarities between some oncogene products and
cell growth factors or their receptors (43-46), the studies fo-
cusing on the involvement of cell growth factors or their re-

ceptors in the oncogenesis have become increasingly impor-
tant for clarifying the mechanism of the oncogenesis. How-
ever, the number of papers reporting the abnormal expression
of cell growth factor receptors in the human neoplastic cells is
so far limited. The overexpression of the surface epidermal
growth factor receptor was reported in primary human squa-
mous cell carcinomas and primary human brain tumors of
glial origin, as well as human squamous carcinoma cell lines.
Such overexpression in human squamous carcinoma cell lines
and human glial tumors was considered to be the result of gene
amplification (47-51). In the previous reports (15-18) we have
shown the spontaneous (without stimulation) and continuous
expression (constitutive expression) of IL-2 receptors in leuke-
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Figure 7. Expression of fl-actin mRNAin cases M.S., Y.S., and Y.T.,
and the effect of cycloheximide on it in case M.S. Cytoplasmic dot
analyses of fl-actin mRNAexpression before and after short-term
cultures in case M.S. (A), Y.S. (B), and Y.T. (C), and the expression
of ml-actin mRNAin the presence of cycloheximide (D) from 0 h

mic cells from ATL patients. However, the present study
found no obvious amplification or gross rearrangement of the
IL-2 receptor gene in Southern blot hybridization analysis of
leukemic cell DNAfrom seven ATL patients. Thus, it does not
appear that abnormalities of the IL-2 receptor gene such as

amplification or gross rearrangement are responsible for the
constitutive expression of IL-2 receptors in ATL leukemic
cells. Furthermore, the analysis of HTLV-I proviral DNAin-
tegration sites excluded the possibility of the IL-2 receptor
gene activation by cis insertion of retroviral promotor (or en-

hancer) sequences (52). Thus, it is speculated that the abnor-
mal expression of IL-2 receptors in ATL leukemic cells is
caused by mechanisms different from gene abnormalities or
the promotor (or enhancer) insertion model.

In the present study, we showed that IL-2 receptor mRNA
expression and HTLV-I viral RNAexpression were concomi-
tantly enhanced in the leukemic cells from ATL patients dur-
ing short-term cultures, whereas other cellular genes, except
for the f3-actin gene, did not increase to the same extent. Al-
though monoclonal HTLV-I proviral DNA integration was
demonstrated in leukemic cells, HTLV-I viral RNAexpres-
sion was not detected in fresh leukemic cells from nine ATL
patients by cytoplasmic dot hybridization or Northern hybrid-
ization, which is consistent with other reports (22, 23). These

(top), 12 h (middle) or 24 h (bottom) after the initiation of the cul-
tures (indicated by thick arrows) in case M.S. are shown. The num-
ber of cells from which cytoplasmic extracts were derived and the
manner of sample dilutions are the same as described in Figs. 2 and 5.

findings are similar to the absence of expression of bovine
leukemia virus, a member of the HTLV family, in cells of fully
developed bovine tumors (53). In contrast, IL-2 receptor ex-

pression was detected in fresh leukemic cells from most pa-
tients at both IL-2 receptor protein and mRNAlevels although
the expression was weak or mild. Once the leukemic cells were
isolated from patients and cultured for a short period, both
HTLV-I RNAand IL-2 receptor mRNAexpression concur-

rently increased. As shown in case Y.T. in which HTLV-I viral
RNAand IL-2 receptor mRNAexpression was low in both
fresh and cultured cells, and in cases M.S. and Y.S. where both
HTLV-I viral RNAand IL-2 receptor mRNAwere strongly
expressed, the degrees of their expression were well correlated
with each other in every case. In addition, the expression of
both IL-2 receptor mRNAand HTLV-I viral RNAconcomi-
tantly increased in leukemic cells cultured for up to 7 d and the
patterns of their cytoplasmic dot hybridization studies were

quite similar in each case.

Demonstration of IL-2 receptor expression in leukemic
cells from ATL patients (15, 18), HTLV-I-infected human cell
lines (19), rat T cell lines (20) and STLV-infected cell lines (2 1)
strongly suggested a close association between HTLV-I infec-
tion and IL-2 receptor expression. However, studies to clarify
their association and its mechanism in leukemic cells from
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Figure 8. Expression of IL-2 mRNA, c-myc mRNA,and rRNA in
cases M.S., Y.S., and Y.T. Cytoplasmic dot analyses of IL-2 mRNA
(A), c-myc mRNA(B), and rRNA (C) expression in cases M.S. (left),
Y.S. (middle), and Y.T. (right) are shown. The number of cells from
which cytoplasmic extracts were derived and the manner of sample
dilutions are as described in Fig. 2. As controls, normal peripheral

ATL patients but not cell lines have been limited because most
of the HTLV-I-infected cell lines were not derived from the
leukemic cell clone (24-26) and because fresh leukemic cells
do not express detectable amounts of HTLV-I viral RNA. Our
results presented here strongly suggested that IL-2 receptor
expression is closely associated with HTLV-I expression in
leukemic cells. Considering the transactivating activity of the
pX region product, one possible and attractive hypothesis ex-

plaining their close association is that the 40-kD product of the
unique pX region of HTLV-I transactivates the transcription
of the IL-2 receptor gene or the gene of the factor(s) like ATL-
derived factor (ADF) (54), which induces IL-2 receptor ex-
pression. Inhibition by cycloheximide of the enhancement of
IL-2 receptor mRNAexpression during cultures indicates that
IL-2 receptor mRNAexpression enhancement is mediated by
newly synthesized protein(s). The pX product or ADFmay be
responsible for this enhancement of the IL-2 receptor expres-

sion. In fact, during our preparation of this manuscript it was

reported by Inoue et al. that the introduction of the pXgene of
HTLV-I into the Jurkat T-lymphoid cell line resulted in the
induction of both IL-2 receptor and IL-2 gene expression (55).
Though they utilized cell line cells derived from immature T
cells, their results and ours support the hypothesis that pX
product induces the expression of IL-2 receptor. They also
reported that IL-2 mRNAwas induced by the introduction of

blood mononuclear cells without culture (indicated as PBL), or cul-
tured with PHA-P and 12-O-tetradecanoylphorbol- I 3-acetate (TPA)
for 20 h (a), HL-60 cells (b), and normal PHA-activated lymphocytes
(c) were treated and spotted onto nitrocellulose filters in the same

manner.

the pXgene into Jurkat cells. However, we failed to detect IL-2
mRNAexpression in short-term cultured leukemic cells. One
explanation for this discrepancy is that the expression of IL-2
mRNA, if it occurred, was too weak to be detected in our

study. Alternatively, IL-2 mRNAexpression may be easily
induced by pX product in a particular cell line (Jurkat), in
which lectins and/or phorbol esters also induce IL-2 produc-
tion. In either case, our present results do not exclude the
possibility that the autocrine mechanism mediated by IL-2
and IL-2 receptor system acts in a certain stage of the leuke-
mogenesis of ATL or somewhere in vivo in ATL patients
where leukemic cells are proliferating.

The increase of fl-actin mRNAduring short-term cultures
in some cases may be caused by pX product, which may di-
rectly activate the transcription of several cellular genes in-
cluding the IL-2 receptor and #-actin genes. However, another
explanation is that the increase of f-actin mRNAis secondary
to the activation of the viral and the IL-2 receptor genes by pX
product. It may be reflected in the fact that the addition of
cycloheximide 24 h after the initiation of the culture inhibited
the increase of f-actin mRNAbut not those of IL-2 receptor
and viral RNA. In any case, we can not exclude the possibility
that pX product activates several cellular genes, one of which
is the IL-2 receptor gene.

Although we studied a limited number of cases, there
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seems to be some correlation between the expression of both
IL-2 receptor mRNAand HTLV-I RNAduring short-term
cultures of leukemic cells and the clinical course of each case.
The patients whose leukemic cells weakly expressed IL-2 re-
ceptor mRNAand HTLV-I RNAtend to run a chronic clini-
cal course. The study of much more cases will be required to
exactly determine the correlation between the clinical parame-
ters and HTLV-I and/or IL-2 receptor expression.

From our results and those reported by others, it seems
likely that IHJTLV-I infection induces constitutive IL-2 recep-
tor expression in not only cell line cells but also leukemic cells
from ATL patients. To clarify the role of abnormally expressed
IL-2 receptors in 'the leukemogenesis of ATL, we need further
studies on the mechanism of the induction of IL-2 receptor
expression by HTLV-I infection and the function of IL-2 re-
ceptor associated with cell growth of HTLV-I infected cells.
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