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Abstract

The adult T cell leukemia (ATL) is a T cell neoplasm etiologic-
ally associated with human T lymphotropic virus type I
(HTLV-I) infection. ATL cells often abnormally express in-
terleukin 2 (IL-2) receptors, and ATL patients may show clin-
ical evidence of hypercalcemia, osteolytic bone lesions, or in-
creased bone turnover. Whereas interleukin 1 (IL-1) is not
generally recognized as a product of T cells, this cytokine is
capable of both altering IL-2 receptor expression and activat-
ing osteoclasts. Thus, we investigated the possibility that pri-
mary ATL leukemic T cells and HTLV-I-infected long-term
ATL cell lines produce IL-1. S1 nuclease protection assays
demonstrated that primary leukemic ATL cells from five out of
six patients, as well as one patient with T4* chronic lympho-
cytic leukemia, contained considerable quantities of IL-18
messenger RNA (mRNA) and small amounts of IL-1a mRNA.
These primary leukemic T cells also released biologically ac-
tive IL-1 protein as evaluated in the murine thymocyte comito-
genesis bioassay. In contrast to primary tumor cells, four out of
six long-term ATL cell lines produced variable amounts of
IL-1a mRNA in the absence of detectable IL-13 mRNA as
measured by S1 nuclease protection. These data demonstrate
that IL-1 gene (especially IL-18) expression occurs in many
primary HTLV-I-infected leukemic T cells raising the possi-
bility that this mediator may play a role in the pathological
changes associated with this leukemia. Also, these studies
show that the pattern of IL-1a and IL-18 gene expression
differs between primary ATL tumor cells and long-term cul-
tured ATL cell lines, indicating an interesting biological dif-
ference in these two HTLV-I-infected cell populations.
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Introduction

The adult T cell leukemia (ATL)! is a usually fatal T cell
malignancy produced by human T lymphotropic virus type I
(HTLV-]) infection of T3* and T4* lymphocytes (helper/in-
ducer phenotype) (1-3). These leukemic T cells are often char-
acterized by the abnormal constitutive expression of mem-
brane receptors for interleukin 2 (IL-2) (4, 5). Clinically, this
leukemia may present in acute, chronic, or smoldering forms
(6). The acute form of this disease, and the development of a
leukemic crisis in the other less common forms, is frequently
associated with hypercalcemia (6-8), evidence of increased
bone turnover or osteolysis. Several investigators have re-
ported that HTLV-I-infected primary leukemic T cells pro-
duce osteoclast-activating factor (OAF) or OAF-like sub-
stance(s) that promote bone resorption and may contribute to
the development of hypercalcemia (8-12). However, this
ATL-associated OAF has not been purified and remains
poorly characterized. Recently, Dewhirst et al. (13) purified a
human OAF (M; of 17,800; isoelectric point [pl]6.8) from
mitogen and phorbol ester-activated peripheral blood mono-
nuclear cells (PBMC) and unexpectedly found that its NH,-
terminal amino acid sequence was identical to that of inter-
leukin 18 (IL-18) (14, 15). This finding, coupled with the rec-
ognized ability of IL-1 to induce IL-2 receptor gene expression
(16, 17) and to enhance bone resorption in vitro (18, 19),
prompted us to investigate whether primary ATL tumor cells
and HTLV-I-infected long-term ATL cell lines produce IL-1.

Methods

Patients. Seven patients with HTLV-I-induced ATL and one patient
with T4* chronic lymphocytic leukemia (CLL) not associated with
HTLV-I infection were studied. All the ATL cases, but not the T4+
CLL case, were found to contain a monoclonal pattern of HTLV-I
provirus integration in the tumor cell DNA (2). All but one of the ATL
cases represented patients with the acute form of leukemia. The other
ATL patient (case 5) had high leukemic cell counts in the peripheral
blood (34,000-50,100/xl1), but was clinically stable without treatment,
and thus was categorized as “chronic” ATL.

Cells. The long-term cultured HTLV-I-infected T cell lines

1. Abbreviations used in this paper: ATL, adult T cell leukemia; CLL,
chronic lymphocytic leukemia; HTLV-I, human T lymphotropic virus
type I; nt, nucleotides; OAF, osteoclast-activating factor; PBMC, pe-
ripheral blood mononuclear cells; rIL-1a and rIL-18, recombinant

interleukin la and 1 8.
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HUT-102B2, MT-1, MJ, C5/MJ, PLP6, and C91/PL (20-22) were
cultured in complete medium consisting of RPMI 1640 supplemented
with 10% heat inactivated fetal calf serum (FCS), 2.0 mM L-glutamine,
100 U/ml penicillin and 100 ug/ml streptomycin. PBMC from normal
volunteers and the leukemic patients were separated by Ficoll-Hypa-
que density gradient centrifugation. PBMC populations from the leu-
kemic patients consisted of = 92% of T11* cells, = 76% of T4* cells,
and <2% (< 1% in most cases) of Mol* cells as assessed by flow
cytofluorometry, which indicate minimal monocyte contamination.
Cells from the buffy coats of normal donors were cultured for 18 h in
the presence of lipopolysaccharide (LPS, 10 ug/ml).

IL-1 complementary DNA (cDNA) and protein. The human IL-1a
(23) and IL-18 (14) cDNAs used have been previously described. Puri-
fied recombinant IL-1« (rIL-1a) and IL-18 (rIL-18) were kindly pro-
vided by the Otsuka Pharmaceutical Co. (Tokushima, Japan) and the
Dainippon Pharmaceutical Co. (Osaka, Japan), respectively.

Murine thymocyte proliferation assay for IL-1 activity. Superna-
tants from cultures of the ATL, T4* CLL, or normal cells (10°/ml)
were harvested after 72 h of incubation in complete medium. After
sterile filtering, serial dilutions of these supernatants were added to
C3H/HeN murine thymocytes cultured in complete medium in the
presence of 5 ug/ml of PHA (Difco, Inc., Findlay, OH), as previously
described (24). [’H]Thymidine was added during the final 6 h of the
72-h culture.

S1 nuclease protection assay of leukemic T cell RNA. RNA was
purified by the guanidine isothiocyanate method (25). 10 ug of total
RNA obtained from the different leukemic and normal cell popula-
tions were hybridized with either the IL-1a or IL-18 cDNAs and di-
gested with S1 nuclease, as previously described (26). In this assay, fully
spliced IL-1a messenger RNA (mRNA) protects a 210-nucleotide (nt)
fragment (amino acids 64—134 of the IL-1a precursor protein) derived
from exons 4 and 5 (27). IL-18 mRNA protects a 525-nt fragment
(amino acids 133-269 of the IL-18 precursor plus 116 nt from the 3’
untranslated region). The specific activity of the end-labeled probes
used was 1 X 10*-2 X 10* dpm/fmol.

Results

Primary ATL tumor cells contain IL-1a and IL-18 mRNA. To
investigate the possibility of IL-1 gene expression in the pri-
mary leukemia T cell populations, S1 nuclease protection
assays were performed with total RNA isolated from these
neoplastic cells. As shown in Fig. 1 (/eft), the expected 210-nt
fragment protected by IL-la mRNA was readily detected in
the LPS-induced buffy coat cell RNA (positive control), but
not in the pig gut RNA sample (negative control) nor in the
absence of added RNA. Large quantities of IL-1a mRNA were
present in the T4* CLL RNA sample, whereas very low, but
detectable, levels of IL-la mRNA were present in RNA iso-
lated from ATL cases, 1, 2, 3, and 4. IL-la« mRNA was not
detected in ATL cases 5 and 6 nor in RNA isolated from the
HTLV-I-infected HUT-102B2 cell line. RNA from the in-
duced human peripheral blood leukocytes (buffy coat cells)
consistently yielded two protected fragments, 210 and 125 nt
in length (26, 27). This finding is explained by the fact that this
S1 probe includes sequences from both exons 4 and 5 of the
IL-1a gene (27, 28). The 210-nt fragment is produced after
hybridization of the probe to fully spliced or mature IL-1«
mRNA, whereas the 125-nt fragment, by hybridization of the
probe to unspliced IL-1a« mRNA. The 3’ 85-nt fragment was
not detected in our procedure as a 5’ end-labeled fragment was
used. The difference in relative ratio of the 210- and 125-nt
fragments between the T4* CLL and the buffy coat cell sam-
ples, thus, may reflect a difference in relative amounts of
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spliced and unspliced IL-1a« mRNA present in these two dif-
ferent cell populations.

Much greater quantities of IL-18 mRNA were detected in
five out of six ATL cases (cases 1-4 and 6) as indicated by the
intensities of the protected 525-nt fragments (right, Fig. 1).
ATL case 5 was the only leukemic sample that did not contain
either IL-1a or IL-18 mRNA. Interestingly, these cells were
obtained from a patient with a chronic rather than acute form
of this leukemia. The T4* CLL cells contained large quantities
of IL-18 mRNA, whereas HUT-102B2 T cells again lacked
this mRNA species. Buffy coat RNA, pig gut RNA, and no
RNA controls yielded the appropriate patterns of protection.
The multiple smaller bands observed in the IL-18 assay reflect
partial escape from complete protection that is commonly ob-
served with this particular probe and the conditions of Sl
nuclease digestion used.

These findings indicate that many of the primary ATL
tumor cells express both IL-1a and IL-18 mRNA and that the
levels of IL-18 mRNA are considerably greater than those of
IL-1a mRNA. Northern blotting studies confirmed the pres-
ence of IL-18 mRNA in four out of six ATL leukemias and in
the T4* CLL sample. However, using this less sensitive tech-
nique, IL-la mRNA production was weakly detected in the
T4* CLL RNA sample only and undetectable in all of the ATL
samples (data not shown).

Thymocyte comitogenic activity in culture supernatants of
primary tumor T cells. To examine whether these tumor T
cells actually release biologically active IL-1 protein, the cells
were cultured for 72 h in complete medium and the culture
supernatants assayed for the presence of thymocyte comito-
genic activity. As summarized in Table I, a control superna-
tant obtained from normal PBMC did not promote significant
[*H]thymidine incorporation by murine thymocytes, whereas
both purified recombinant IL-1a and IL-18 significantly en-
hanced thymoctye proliferation in a dose-dependent manner.
Supernatants from the T4* CLL and four of the ATL cases
that contained IL-1 mRNA, as well as an additional ATL
sample not studied at the RNA level (case 7), contained IL-1
biological activity as measured in this assay. These results sug-
gest that the primary tumor cells from the ATL and T4* CLL
patients secrete or release biologically active IL-1 protein.

The absence of IL-18 mRNA in HTLV-I-infected long-
term cell lines. Whereas IL-1 gene expression was evident in
most of the HTLV-I-infected primary ATL cells, the HTLV-
I-infected long-term ATL line, HUT-102B2, did not appear to
contain either IL-1a or IL-18 mRNA (Fig. 1). To determine
whether this was a general property of long-term cultured ATL
cell lines, RNA samples from five additional ATL cell lines
were studied for the presence of IL-1a or IL-18 mRNA. IL-18
gene expression was undetectable in all of the ATL cell lines
(right, Fig. 2). In contrast, considerable quantities of IL-la
mRNA were present in the C91/PL and C5/MJ RNA samples,
whereas small amounts were detected in the PLP6 and MJ cell
lines. No IL-1a mRNA was found in the HUT-102B2 or MT-1
RNA samples. Thus, these findings suggest that the pattern of
IL-1 gene expression differs in primary and long-term cultured
cell lines infected with HTLV-I.

Discussion

These studies demonstrate that IL-1 gene expression occurs in
freshly isolated primary tumor cells from many ATL patients
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Figure 1. S1 nuclease protection assay of RNA isolated from primary
leukemic T cells. End-labeled cDNA probes specific for IL-1a (leff)
and IL-18 (right) mRNA were hybridized with 10 ug of total RNA
from the normal and primary leukemic cells followed by digestion
with S1 nuclease (26). As a positive and a negative control, RNA was

as well as in a single case of T4 CLL. It is unlikely that these
IL-1 mRNAs are derived from contaminating monocytes
since, in most cases, the Mol* cells represented < 1% (at most
< 2%) of the tumor cell population and no specific macro-
phage-inducing agents were used. Furthermore, identically
prepared normal T cell populations and one ATL sample con-
taining a similar number of Mol* cells lacked detectable evi-
dence of IL-1 gene expression. In all populations of the posi-
tive primary ATL tumor cells studied, the relative amounts of
IL-18 mRNA were far greater than that of IL-1a mRNA. Also,
these cells secreted biologically active IL-1 protein as measured
in the murine thymocyte costimulator assay. In sharp contrast,
none of the six HTLV-I-infected long-term cultured ATL cell
lines contained IL-18 mRNA; however, four of these cell lines
produced variable amounts of IL-la mRNA. These findings
reveal an intriguing difference in these two HTLV-I-infected
cell populuations. Interestingly, recent studies have suggested
that many long-term cultured ATL cell lines do not corre-

«210

125

221
—220

—1563

IL-1B

isolated from LPS-stimulated peripheral blood leukocytes (buffy
coat) and pig gut, respectively. S1 nuclease digestion of each probe in
the absence of added RNA was also performed. The digestion prod-
ucts were size-fractionated on a 5% denaturing acrylamide sequenc-
ing gel, and exposed to Kodak XAR film for 55 h at —70°C.

spond to the original primary tumor cells based on the clonal
pattern of rearrangements within the T cell receptor 8 chain
gene locus or in the integration site of the HTLV-I provirus
(29). Also, expression of the transactivator (tat) gene product
of HTLV-I is usually undetectable in uncultured primary leu-
kemia cells, whereas long-term cultured ATL cell lines often
contain relatively large quantities of this protein (30). Further-
more, the primary leukemic T cells often require IL-2 for
short-term growth, whereas the ATL cell lines generally prolif-
erate readily in the absence of IL-2. Thus, it is clear that these
two HTLV-I-infected T cell populations exhibit potentially
important genetic and functional differences.

Marked IL-1 production was also observed in the single
case of T4* CLL studied. These cells do not contain integrated
HTLV-I provirus, thus, IL-1 production by leukemic T cells
does not appear to be solely limited to HTLV-I-infected cells.
Interestingly, these T4* cells also display IL-2 receptors and
respond to exogenous IL-2 with increased proliferation. It is
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Table I. Thymocyte Comitogenic Activity in the
Tumor Cell Culture Supernatants

Final dilution
Experiments or concentration [*H]TdR incorporation
meanxSD cpm
Medium 1:4 650+100
rIlL-1a 10 U/ml 8,400+850
100 U/ml 26,650+880
riL-18 1 U/ml 3,710+120
10 U/ml 14,910+2,610
100 U/ml 27,760+5,470
T4 CLL 1:4 31,100+£2,210
1:12 23,800+1,510
1:36 9,620+570
ATL case 1 1:4 32,250+6,710
1:12 19,250+1,450
ATL case 2 1:4 8,370+2,880
1:12 1,050+190
ATL case 3 1:4 3,250+1,790
ATL case 6 1:4 4,620+820
1:12 2,840+990
1:36 1,220+230
ATL case 7 1:4 20,200+1,440

possible that the production of IL-1 by these cells may play a
role in the unexpected IL-2 receptor expression observed. Ad-
ditional cases of T4* CLL are now being examined to investi-
gate the generality of IL-1 production in this form of leukemia
and to determine the relationship of this mediator to the ab-
normal expression of IL-2 receptors.

Whereas IL-1 gene expression has been previously demon-
strated in a variety of cell types, including monocytes-macro-
phages, B cells, and endothelial cells (31), T cell production of
this cytokine has not been generally recognized. Recently,
Tartakovsky and colleagues (32) have reported IL-1a produc-
tion by certain antigen-specific murine T cell clones after acti-
vation with antigen-presenting B cells. Noma and colleagues
(33) also have described IL-1a but not IL-18 mRNA produc-
tion in a few long-term cultured human T cell lines infected
with HTLV-IL. Our finding of the IL-1a and IL-18 gene ex-
pression in primary ATL and T4+ CLL cells coupled with the
finding that four out of six HTLV-I-infected long-term T cell
lines expressed the IL-1a gene provides additional evidence
that IL-1 gene expression can occur in activated cells of the T
lymphocyte lineage.

Although IL-1 production by primary ATL tumor cells
appears to represent very common finding (thymocyte comi-
togenic activity has also been detected in the leukemic cells
isolated from eight out of nine additional ATL cases not dis-
cussed in this paper), it is unclear what role this mediator plays
in the pathological changes associated with this leukemia. IL-1
has been reported to enhance IL-2 receptor expression (16, 17,
31), and abnormal IL-2 receptor display is a common feature
in ATL (4, 5). Whereas it is possible that IL-1 production plays
a direct role in altering IL-2 receptor gene expression, our
preliminary results indicate that neutralizing anti-rIL-1a or
anti-rIL-18 rabbit heteroantibodies fail to inhibit the sponta-
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neous increase in IL-2 receptor expression that occurs when
primary ATL tumor cells are placed in short-term culture (3).
Furthermore, in contrast to a previous report (34), we have
been unable to demonstrate that rIL-1a or rIL-18 enhances
either IL-2 receptor display or the proliferation of freshly iso-
lated ATL cells. Moreover, we did not detect IL-1« or IL-18
gene expression in HTLV-I-infected HUT-102B2 or MT-1
cells that constitutively express large numbers of IL-2 recep-
tors. Thus, while not completely excluded, a causal role for
IL-1a or IL-18 in the abnormal expression of IL-2 receptors in
HTLV-I-induced ATL has not been established.

A second prominent feature of HTLV-I-induced ATL is
its frequent association with hypercalcemia (6-12). The com-
mon findings of osteoclast activation on bone biopsy and in-
creased bone turnover without evidence of frank tumor cell
infiltration (8, 10-12) has suggested the possible involvement
of circulating humoral factor(s) in ATL-associated hypercalce-
mia. The abnormal production of such humoral factors as
parathyroid hormone, 1,12-(OH), vitamin D3, or prostaglan-
dins, implicated as the cause of hypercalcemia in other malig-
nancies (35), has not been detected in ATL (8-12). Our find-
ings of IL-1 production by primary ATL tumor cells coupled
with previous reports of OAF production by these cells (8-12)
is particularly intriguing in view of the report by Dewhirst et al.
(13) that OAF and IL-18 are identical in size, isoelectric point,
functional properties (thymocyte comitogenesis and bone re-
sorption), and NH,-terminal amino acid sequence. It seems
likely that at least one OAF produced by primary ATL tumor
cells corresponds to IL-18.

In this regard, hypercalcemia was documented at the time
of tumor cell isolation in two of the ATL patients studied
(cases 1 and 2). The lack of hypercalcemia in the other cases
may reflect compensatory changes in renal and endocrine
function, which serve to normalize the level of serum calcium
(35). Consistent with this possibility, Bunn et al. (8) have noted
that ATL patients often show evidence of osteoclast activation
and accelerated bone turnover in the absence of frank hyper-
calcemia. Neither bone biopsies nor metabolic bone turnover
studies were available from the present group of patients.
Thus, to establish firmly the possible relationship of IL-1a and
IL-18 production to ATL-associated changes in calcium me-
tabolism, serial prospective studies correlating IL-1 production
with changes in bone turnover, osteoclast activation, and
serum and urine calcium levels will be required.

IL-1 can also produce neutrophilia, acute inflammatory
protein secretion by hepatocytes, and fever in vivo (31, 36). In
this regard, Yamamoto et al. (37) have described the frequent
presence of neutrophilia in ATL patients. It is possible that
ATL cell-derived IL-1 may mediate this response. Also, ATL
patients, including those we have studied, often exhibit ele-
vated serum levels of lactic dehydrogenase, alkaline phospha-
tase, and C-reactive protein (1, 6, 8). These changes may be
consistent with a role for IL-1; however, direct leukemic cell
infiltration of the liver (a frequent finding in ATL) could also
produce these changes (1, 8). Finally, fever is a frequent clini-
cal finding in ATL; however, it is difficult to implicate tumor
cell-derived IL-1 as its sole cause given the frequency of inter-
current opportunistic infections and the administration of
multiple drugs.

Of note, the single ATL case (case 5) whose tumor cells did
not contain either IL-1a or IL-18 mRNA was clinically diag-
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Figure 2. S1 nuclease protection assay of RNA from long-term cultured ATL (HTLV-I infected) cell lines. For details, see the legend for Fig. 1.

Left, IL-1a; right, IL-18.

nosed as chronic ATL. Preliminary studies of leukemic cells
from a second chronic ATL case also has revealed a lack of
IL-1 mRNA production. Further studies of the potential dif-
ferences in IL-1 gene expression in the acute vs. chronic or
smoldering forms of ATL are presently underway.
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