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ABSTRACT
The physicochemical
properties and relationship of bone-resorbing
activity and interleukin 1 ( 11.-1 ) produced by adult 1-cell leukemia (All,)
cells and cell line were studied in vitro. The culture supernatant of AIL
cell line, Ml2, and peripheral blood lymphocytes freshly obtained from
ATL patients had both II,-1 activity detected by the stimulation of murine
thymocyte-proliferative
responses and bone-resorbing activity detected
by the stimulation of Va release from prelabeled murine fetal bones. By
Sephacryl S-200 column chromatography, both activities were eluted as
a single peak at approximately M, 15,000. By the chromatofocusing
technique, the isoelectric point values of both activities were estimated
as pH 4.8 and 5.2. Furthermore, both activities were absorbed with rabbit
anti-IL-la antiserum, but not with anti-IL-1/3 antiserum. These results
suggest that ATL cells and cell line produce bone-resorbing activity
which corresponds to IL-la and that this IL-la is one of the most
important causes of hypercalcemia

in ATL patients.

INTRODUCTION
Patients with ATL,3 caused by an infection of human T-cell
leukemia-lymphoma virus I often suffer from hypercalcemia
which is one of the most difficult problems to treat and often
results in death (1,2). However, the pathogenesis of hypercal
cemia in ATL patients is not fully understood. Recently, it has
been reported that colony-stimulating factor, transforming
growth factor, tumor necrosis factor, and interleukin IÃŸhave
BRA in vitro (3-8). Thus, hypercalcemia in ATL patients might
be induced with some factors produced by leukemic cells. In
the previous paper, we reported that ATL cells and cell lines
produced BRA and IL-la (9, 10). These reports suggest a
possibility that BRA produced by ATL cells is mediated by ILla. In order to clarify this possibility, we have analyzed the
physicochemical properties of BRA produced by ATL cells and
cell lines. In this paper, evidence will be presented to show that
ATL cells and cell lines produce BRA which corresponds to
IL-la and that this 11,1 is one of the most important causes of
hypercalcemia in ATL patients.
MATERIALS AND METHODS
Subjects. Eight patients with ATL admitted in our hospital were
used for this study. The diagnosis for ATL was performed by the
following criteria: (a) neoplastic cells have a highly convoluted nucleus;
(b) the cells have T-cell markers which form rosettes with sheep erythrocytes and are CD4 positive; and (c) the patient has ami ATI .-associ
ated antigen antibodies in his/her serum.
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Preparation of Peripheral Blood Lymphocytes. PBL were collected
from heparinized peripheral blood by centrifugation over a lymphocyte
separation medium (Litton Bionetics, Kensington, MD), washed with
10 IHMPBS (pH 7.2), and suspended in RPMI 1640 (Grand Island
Biological Co., Grand Island, NY) containing 10% FCS (GIBCO),
penicillin (50 units/ml; Flow Laboratories, North Ryde, New South
Wales, Australia), and streptomycin (50 mi,/m\; Flow).
ATL Cell Line. The ATL cell line used in this experiment was MT2
established by Dr. I. Miyoshi (Kochi Medical College, Nangoku, Japan)
(11). It was maintained in vitro by culturing in RPMI 1640 containing
10% FCS, penicillin, and streptomycin at 37"C in 5% CO2 and 95%
air.
Preparation of Culture Supernatants. PBL (5 x 10"/ml) from normal
control or ATL patients and MT2 cells (1 x 106/ml) were cultured in
RPMI 1640 containing 5% FCS for 2 days. The culture supernatant*
were concentrated 10 times using an uItrafili rat Â¡onunit with YM-5
Diaflo membranes (Amicon Co., Lexington, MA), were dialyzed against
RPMI 1640, and the activities of II.-l and BRA were measured.
Assay of IL-1 Activity. 11,1 activity was determined by the stimula
tion of murine thymocyte proliferative responses according to the
method of Mizel et al. (12). Thymocytes (1.5 x IO6) from A.TH mice
were cultured with serially diluted IL-1 sources in Eagle's Hanks' amino
acid culture medium (Flow) described by ( 'or rad in et al. ( 13) containing
10% FCS in flat-bottomed microtiter culture plates for 3 days. The
cells were pulsed with 1 /Â¿Ciof tritiated thymidine (Amersham, Buck
inghamshire, UK) for the last 24 h, were harvested with the aid of an
automated cell harvester and the [3H]thymidine incorporated into thymocytes was counted (14). The results were expressed as units of IL-1
produced by 1 x IO7 ATL cells using ultrapure IL-1 (Genzyme Co.,
Boston, MA) as the standard.
Assay of BRA. BRA was assayed by culturing shafts of the radius
and ulna of ICR mouse fetuses, which had been prelabeled with 45Ca in
vivo, in BGJ medium (GIBCO) according to the method of Raisz (15).
After a 24-h period of preculture, the bones were transferred to the new
medium containing the culture supernatant of ATL cells (20%) and
0.2% bovine serum albumin. After 5-day culture, the released 45Ca was
counted. Percentage of4 Va release was calculated as

(mediumcpm/mediumcpm+ bonecpm)x 100
The results were expressed as the means and standard deviations in
quadruplicate cultures. The minimum prostaglandin EI concentration
to elicit a significant BRA was 10~" M in this system.
Sephacryl S-200 Column Chromatography of MT2 Culture Superna
tant. The culture supernatant of MT2 cells (100 ml) was concentrated
with an ultrafiltration device using YM-5 Diaflo membrane (Amicon),
was applied on a Sephacryl S-200 column (3.5 x 60 cm; Pharmacia
Fine Chemicals, Uppsala, Sweden) equilibrated with PBS, was eluted
with PBS at the rate of 10 nil/h, and aliquots of 5 ml were collected.
The column size was determined by chromatography of marker pro
teins: blue dextran (void volume), human immunoglobulin G (M,
150,000), bovine serum albumin (M, 68,000), ovalbumin (M, 44,000),
soybean trypsin inhibitor (M, 22,000), and cytochrome c (M, 15,000).
The protein concentration of each fraction was measured by the absorbance at 280 nm. IL-1 activity and BRA of each fraction were assayed
by the method described above.
Isoelectric Chromatofocusing Technique. The active fractions of the
Sephacryl S-200 column chromatography (Fig. 1, Fraction 58-65) were
pooled, concentrated, and dialyzed against 0.025 M imidazole hydro-
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chloride buffer, pH 7.4. The sample was applied on a column of PBE
94 gel (10 ml; Pharmacia Fine Chemicals, Uppsala, Sweden) equili
brated with 0.025 M imidazole hydrochloride buffer. pH 7.4, was eluted
with polybuffer 74-hydrochloride, pH 4.0, and aliquots of 5 ml were
collected. The pH value of each fraction was measured by a pH meter.
IL-1 activity and BRA of each fraction were assayed by the method
described above.
Source of IL-la, II.-1/i, and Their Antisera. Recombinant human II,
la and ÃŸwere kindly supplied by Dr. M. Yamada (Dainippon Phar
maceutical Co., Osaka, Japan) and Dr. Y. Hirai (Ohtsuka Pharmaceu
tical Co., Tokushima, Japan), respectively (16,17). Anti-IL-1 a antisera
and anii-ll.-l.) antisera were prepared by immunizing rabbits with ILla or IL-1/3 as reported previously (9).

RESULTS
Production of BRA by ATL Cells and Cell Line. ATL cell line
MT2, normal PBL, and PBL (more than 80% of lymphocytes
were CD4-positive ATL cells) obtained from ATL patients were
cultured in vitro and the IL-1 activity and BRA produced in the
culture supernatant were measured. As shown in Table 1, the
culture supernatant of MT2 cells and PBL from ATL patients
(seven out of eight) possessed IL-1 activity detected by murine
thymocyte-proliferative responses and BRA detected by 45Ca
release from pa-labeled murine fetal bones. On the other hand,
PBL from 10 normal volunteers studied did not produce sig
nificant amounts of both activities. BRA was parallel with IL1 activity. Furthermore, a significant correlation was observed
between the levels of IL-1 and bone-resorbing activities in the
culture supernatant of ATL PBL and the serum calcium level
of ATL patients (r = 0.727 and 0.726, respectively).
Physicochemical Properties of BRA. To study the physicochemical properties of IL-1 activity and BRA, we fractionated
the culture supernatant of MT2 cells with a Sephacryl S-200
column. As shown in Fig. 1, IL-1 activity was eluted as a single
peak at the molecular weight of approximately 15,000. No
fractions contained detectable amounts of interleukin 2 activity
as assayed by the growth of interleukin 2-dependent murine
cytotoxic T-cell line (18). BRA was also eluted as a single peak
by the same profile as IL-1 activity. The elution patterns and
the peaks of IL-1 activity and BRA of the culture supernatant s
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Fig. 1. Fractionation of IL-1 and bone-resorbing activities of MT2 culture
supernatant by Sephacryl S-200 column chromatography. The culture supernatant
(100 ml) was concentrated, was applied to a Sephacryl S-200 column (3.5 x 60
cm) equilibrated with 10 mM PBS, pH 7.4, was eluted with PBS at a flow rate of
10 ml/h and aliquots of 5 ml were collected, .-l-m was monitored (
). The
elution position of the molecular weight standards [blue dextran (void volume),
human immunoglobulin G (150K), bovine serum albumin (68K), ovalbumin
(44K), soybean trypsin inhibitor (22A'), and cytochrome e (13K)] are shown. The
thymocyte-stimulating activity (â€¢)and the bone-resorbing activity (O) of each
fraction (final concentration of 20%) were measured by the method described in
Table 1, legend.

Fig. 2. Isoelectric chromatofocusing of IL-1 and bone-resorbing activities of
MT2 culture supernatant. The active fractions of the Sephacryl S-200 column
chromatography (Fig. 1, 58-65) were pooled, concentrated, and dialyzed against
0.025 M imidazole hydrochloride buffer, pH 7.4, were applied on a column of
PBE 94 gel (10 ml), were eluted with polybuffer 74-hydrochloride, pH 4.0, and
5-ml aliquots were collected. The thymocyte-stimulating activity (â€¢)and the
bone-resorbing activity (O) of each fraction (final concentration of 20%) were
assayed by the method described in Table 1, legend.

of PBL from seven ATL patients were identical to that of MT2
(data not shown). The active fractions of the Sephacryl S-200
column chromatography were pooled, were fractionated by a
chromatofocusing column, and the isoelectric point values of
IL-1 activity and BRA were determined. As shown in Fig. 2,
both activities were fractionated as two peaks at pH 4.8 and
5.2. Thus, both activities were acidic.
Table 1 Interleukin-1 and bone resorbing activities from ATL cells and cell line
BRA Produced by ATL Cells Corresponds to IL-la. In the
MT 2 cells (1 x 106/ml) and PBL (5 x 10'/ml) from one normal control and
eight ATL patients were cultured Â¡nRPM1 1640 medium containing 5% PCS for
previous paper, we reported that ATL cell lines produced IL2 days. The culture supematants were concentrated 10 times using an uItrati lira
la (9). Then, we studied the effects of rabbit anti-human
tion unit with YM-S diaflo membrane and dialyzed against RPMI and the
activities of IL-1 and bone resorbing were determined.
recombinant IL-la or ÃŸ
antiserum on IL-1 activity and BRA.
As shown in Table 2, recombinant human IL-la and A showed
Culture
activity"
"Ca
release(%)15.6 calcium level
supernatant
both IL-1 and BR activities. Anti-IL-1 a antibody inhibited both
fromMedium
(units)<103403242468662453211360BRA*
(mg/ml)8.614.615.512.410.914.410.19.08.7
IL-1 and BR activities of IL-la, but not of IL-1/3, and anti-ILaloneNormal
1.016.0
Â±
PBLCATL
lÃŸantibody inhibited both IL-1 and BR activities of IL-1/3, but
Â±2.143.5
1ATLPBL
5.742.1
Â±
not of IL-la. The activities of IL-1 and BR of the culture
2ATLPBL
6.342.3
Â±
supernatant of MT2 cells and PBL from ATL patients was also
3ATL PBL
Â±7.134.8
inhibited by anti-IL-la antibody, but not by anti-IL-1/9 anti
4ATLPBL
5.928.4
Â±
5ATL PBL
2.527.5
Â±
body. These results suggest that IL-1 and bone-resorbing activ
6ATL PBL
3.621.3
Â±
7ATL PBL
Â±3.916.3
ities from ATL cells were mediated by the same or closely
8MT2IL-1
PBL
1.843.7
Â±
related molecules which corresponded to IL-la.
Â±4.7Serum
BRA of IL-la, IL-1/3, and ATI .-derived IL-1. Recently,
"11,1 activity was determined by the stimulation of murine thymocyte-prolif
erative responses. The results are expressed as units of IL-1 produced by 1 x 10"
Gowen et al. (3) and Dewhirst et al. (4) reported that IL-1/3
ATL cells using ultrapure IL-1 as the standard.
produced by human peripheral mononuclear cells had BRA.
" BRA was assayed by culturing with shafts of the radius and ulna of ICR
Thus, we compared BRA of human recombinant IL-la and
mouse fetuses, prelabeled with <5Ca in vivo, in BGJ medium. The results are
ATL-derived IL-1 and IL-10. As shown in Fig. 3, on the unit
expressed as the means and standard deviations in quadruplicate cultures.
c Total of 10 normal controls were studied. Since all cases of normal controls
basis of IL-1 activity, IL-la, IL-1/3, and ATL-derived IL-1
produced less than 10 units of IL-1 activity and 16.0% of BRA, only the result of
showed almost the same dose-response curves as BRA.
one case was shown.
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Table 2 Effect ofanti-IL-la or ÃŸ
antibody on 1L-ÃŒ
activity and BRA from ATL cells and cell line
The IL-I activity and BRA of recombinant lilo, ÃŸ,and IL-1-like factors from MT2 cells and ATL cells from ATL Case 1 were measured in the absence or
presence of rabbit anti-recombinant human IL-la or .>'antiserum (1%). The results are expressed as the means Â±SD of [3H]thymidine cpm of triplicate cultures and
of percentage of 45Ca release in quadruplicate cultures.
activityFactors(10U/ml)Recombinam

IL-1

release(%)40.2
inhibition84.56.39.586.482.915.078.419.8BRA45Cainhibition63.47.06.657.260.88.961.34.1
IL-laRecombinant

7431,325
Â±
Â±237,964
6047,988
Â±
1/3MT2ATL IL8277,233
Â±
aAnti-IL-1/3Anti-IL-1
1041,086
Â±
Â±558,033
Â±7811,368
aAnti-IL-10Anti-IL-1
Â±606,832
5497,709
Â±
4081,665
Â±
Case 1Anti-IL-1antibody(1%)Anti-IL-1
aAnti-IL-10[3H]Thymidineincorporation(cpm)8,494
876, Â±
182 Â±241%
aAnti-IL-1/3Anti-IL-1
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Fig. 3. Bone-resorbing activities of recombinant human IL-la, IL-1/3, and IL1-like factor from MT2. The bone-resorbing activity of recombinant IL-la (â€¢),
recombinant IL-1/3 (O), and IL-1-like factor from MT2 (A) was assayed by the
method described in Table I, legend. IL-1 activities are expressed as units of
thymocyte-stimulating activity by comparing with ultrapure human IL-1 as the
standard. The results are expressed as the means and standard deviations of
percentage of 4!Ca release in quadruplicate cultures.

DISCUSSION
In this paper, we have shown that ATL cells obtained from
ATL patients and ATL cell line produced BRA. Their molec
ular weights were estimated to be about 15,000 by Sephacryl S200 column chromatography and their isoelectric point values
were determined to be pH 4.8 and 5.2 by a chromatofocusing
technique. BRA from ATL cells were absorbed with rabbit antiIL-la antibody but not with anti-IL-1/3 antibody. These results
suggest that BRA produced by ATL cells corresponds to ILla. We always observed two peaks of IL-1 and bone-resorbing
activities by the chromatofocusing technique. The activities of
two peaks were absorbed with anti-IL-la antibody, suggesting
that both peaks correspond to IL-la (data not shown). The
difference between the IL-la pi values might be caused either
with the microheterogeneity of amino acid sequences or with
the difference of glycosylation. In order to clarify these possi
bilities, further studies about the purification and the determi
nation of amino acid sequences are progressing at present.
Recently, Dewhirst et al. purified the osteoclast-activating fac
tor from the culture supernatant of human PBL and reported
that it corresponded to IL-1/3 (4). Gowen et ai. also reported

Â±3.114.7
1.837.4
Â±
5.638.1
Â±
Â±4.935.6
2.016.3
Â±
2.439.3
Â±
4.715.4
Â±
Â±0.935.8
2.436.2
Â±
2.814.0
Â±
0.734.7
Â±
Â±1.9%

that recombinant murine IL-1/3 had BRA (5). As shown in this
paper, recombinant human IL-la and IL-1 from ATL cell line
also has a comparable BRA as IL-IÃŸ.Recent evidence suggests
that not only IL-1 but also colony-stimulating factors, trans
forming growth factors, and tumor necrosis factors have BRA
(5-8). Dodd et al. reported that the culture supernatant of ATL
cell line stimulated the maturation of human monocytic cell
line U937 (19). Since osteoclasts are considered to be cells of
monocyte-macrophage lineages (20) and to play an important
role in the bone turnover, they suggested that the factors from
ATL cells stimulated osteoclasts to resorb bones and resulted
in hypercalcemia, although they did not study the physicochemical properties of the factors from ATL cell lines. Our results
suggest that one of these factors is IL-la. In the previous paper,
we reported that ATL cell lines produced IL-la (9). In this
paper, we also found that ATL cells freshly obtained from ATL
patients produced IL-la. The production of IL-la by PBL from
ATL patients was not derived from the monocytes contami
nated in the PBL, because more than 90% of ATL PBL is CD4positive T-cells. PBL from ATL patients produced IL-1 activity
without any stimulations, while normal monocytes produced
IL-1 activity only when they were stimulated with silica or
phorbol myristate acetate. Furthermore, IL-1 produced by
monocytes is mainly IL-1/8, while PBL from ATL patients
produce IL-la. Thus, ATL cells themselves in the PBL seem
to produce IL-la. There is a significant correlation between the
level of IL-1 and bone-resorbing activities produced by ATL
cells and the serum calcium level in ATL patients (Table 1). All
of these results suggest that IL-la produced by ATL cells is
one of the most important causes of hypercalcemia in ATL
patients. The hypercalcemia in ATL patients is a consequence
of an increasing turnover of bones by BRA from ATL cells.
The question is whether hypercalcemia has some effects on
ATL cells. In the previous paper, we reported that the in vitro
growth of ATL cells and cell lines depended on the concentra
tion of calcium ion in the culture medium and that the maxi
mum growth of ATL cells is induced at a higher concentration
of calcium ion than the normal serum calcium level (21). Thus,
we consider that ATL cells produce IL-1 which stimulates the
activity of osteoclasts causing the release of calcium from bones
and subsequently the higher concentration of serum calcium
works stimulatory on the growth of ATL cells. Namely, the
network of IL-1-BRA-calcium may regulate the abnormal
growth of ATL cells in vivo.
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