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ABSTRACT

In order to elucidate the pathogenesis of humoral hypercalcÃ©mie and
leukocytosis in a 71-year-old patient with squamous cell carcinoma of
the thyroid, bone-resorbing activity (BRA) and colony-stimulating activity
in the conditioned medium of T3M-5 cells, a clonal cell line established

from the tumor, were studied.
Gel chromatography of the concentrated conditioned medium revealed

respective single peaks of colony-stimulating activity (M, approximately
27,000) and BRA (M, 15,000-20,000). BRA did not elicit parathyroid-
hormone-like activity but greatly enhanced phytohemagglutinin-induced
thymocyte proliferation. This interleukin 1 (II -I )-liki- activity exactly
coeluted with BRA upon gel chromatography, DEAE-Sepharose ion-
exchange chromatography, and isoelectric focusing (pi, 4.7-5.2). BRA

was partially inhibited by indomethacin and hydrocortisone, and com
pletely inhibited by anti-IL-la antiserum, whereas anti-IL-10 antiserum
had no effect. Furthermore, transplantation of T3M-5 cells into nude

mice caused marked hypercalcemia as well as leukocytosis.
These findings suggested that excessive production of colony-stimulat

ing factor and IL-la-Iike factor by the squamous cell carcinoma was

responsible for leukocytosis and hypercalcemia, respectively, in the tu
mor-bearing nude mice and in the patient. Since several similar cases

have been reported in Japan, the syndrome of leukocytosis and hyper
calcemia associated with certain solid tumors may constitute a new
paraneoplastic syndrome.

INTRODUCTION

In Japan, more than 10 patients with solid tumors have been
reported who developed marked leukocytosis and hypercal
cemia (1-5). Several of these tumors were successively trans
planted into nude mice, which also subsequently developed
marked leukocytosis and hypercalcemia (2). Since extirpation
of the tumor was accompanied by normalization of the leuko
cyte count and serum calcium concentration, these tumor-
bearing nude mice seem to be an excellent experimental model
in which to study humoral hypercalcemia of malignancy (2).

Previously, we demonstrated that a clonal squamous carci
noma cell line (T3M-1) (6), established from a submandibular
tumor from a 33-year-old patient with hypercalcemia and leu
kocytosis, produced bone-resorbing factor in addition to CSF3
(7). The bone-resorbing factor was shown to be different from
PTH, prostaglandins, vitamin D metabolites, tumor-transform-
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ing growth factor, epidermal growth factor, and platelet-derived
growth factor (7).

Using another cell line (T3M-5) established from a 71-year-
old patient with squamous cell carcinoma of the thyroid (8),
who also developed marked leukocytosis and hypercalcemia (3),
we studied whether T3M-5 cells produced bone-resorbing factor
as did T3M-1 cells. We found that T3M-5 cells produced a
potent bone-resorbing factor with an apparent molecular weight
of 15,000-20,000 and that this factor was physicochemically
and ini limnologica Ily similar to interleukin 1-a.

MATERIALS AND METHODS

Source of Tumor and Cells. Tumor THC-2-JCK was a squamous cell
carcinoma of the thyroid from a 71-year-old woman who developed
marked leukocytosis and hypercalcemia (3). A CSF-producing cell line
(T3M-5) was established from the tumor by Okabe et al. (8). T3M-5
cells were cultured with F-10 medium supplemented with 10% fetal
calf serum, streptomycin (100 /ig/ml), and penicillin (100 U/ml) in a
roller bottle. After 3 to 6 days of culture, the spent medium was
harvested and centrifuged at 3000 rpm for 20 min. The conditioned
medium was concentrated more than 1S-fold by ultrafiltration, using a
PM-10 ultrafiltration membrane, and stored at â€”20Â°C.To obtain

serum-free conditioned medium, T3M-5 cells were cultured in F-10
medium supplemented with 0.1% BSA, streptomycin (100 Â¿ig/ml),and
penicillin (100 U/ml) for 2 to 3 days. Serum-free conditioned medium
was centrifuged, concentrated more than 100-fold, and stored at -20Â°C.

Gel Chromatography. Concentrated conditioned medium was
thawed, and Tween 20 was added to a final concentration of 0.2% (v/
v). After centrifugation at 3000 rpm for 30 min, about 6 ml of the
sample was applied to a column of Sephadex G-75 (2.2 x 83 cm)
equilibrated with 0.9% NaCl solution containing 10 IHMTris-HCl (pH
7.4), 0.02% sodium azide, and 0.02% Tween 20. Eluates were collected
in volumes of about 5.5 ml/tube, and 0.05 ml aliquots were taken for
measurement of protein (9).

All samples were dialyzed extensively against 4 liters of 0.9% NaCl
solution containing streptomycin (100 mi/m\) and penicillin (100 U/
ml). The dialysis membrane used was boiled Spectrapor 3 (Spectrum
Medical Industries Inc., Los Angeles, CA), with a nominal molecular
weight cutoff of M, 6000-8000. After 2 to 3 days of dialysis at 4Â°C,

samples were dialyzed overnight against MEM containing penicillin
(100 U/ml) and streptomycin (100 /<g/ml). To each retentate, 0.1 ml
of BSA solution (100 mg/ml), which had also been dialyzed against
MEM, was added and then filtered through a Millipore filter (Milex
GS, 0.45 Â¿im;Millipore Corp., Bedford, MA). Samples were stored at
4Â°Cuntil assayed for CSA, BRA, PTH-like activity, and interleukin 1

(IL-l)-like activity.
CSA. CSA was assessed by the methylcellulose method as described

previously (7), using bone marrow cells from a pregnant ICR mouse.
CSA was expressed as the number of colonies formed per 60,000 bone
marrow cells after 7 days of culture.

BRA. BRA was assessed according to the method of Raisz (10) with
several modifications as described previously (7). In brief, pregnant
mice (strain ICR) were injected s.c. with 10 /Â¿Ciof 45Ca on the 16th

day of gestation. On the following day, the fetuses were removed and
the shafts of the radius and ulna were dissected out and cultured in 1
ml MEM. After a 48-h period of preculture, the bones were transferred
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HUMORAL HYPERCALCEMIA AND INTERLEUKIN 1

to test or control media (0.5 ml) for assay. After 3 days in culture, 45Ca
release from bones in the test medium was compared with 4!Ca release

in control culture. BRA was expressed as follows:

% 45Carelease = (medium dpm/ medium + bone dpm) x 100

All assays were performed in quadruplicate using bones from four
fetuses. Statistical significance was analyzed by Student's t test.

PTH-like Activity (cAMP-producing Activity in ROS 17/2.8 Cells).
PTH-like activity was assessed according to the method of Rodan et al.
(l 1), with several modifications (12). Rat osteosarcoma cells (ROS 17/
2.8) established in Dr. Rodan's laboratory (13) were kindly supplied by

Dr. Mundy (San Antonio, TX) via Dr. T. Yoneda (Osaka University,
Osaka, Japan) and subcloned in our laboratory. Subclone 5 (ROS 17/
2.8-5) was the most responsive to PTH (12). These subclonal cells were
cultured in F-12 medium supplemented with 10% fetal calf serum,
penicillin (100 U/ml), and streptomycin (100 Mg/ml) in 35-mm dishes
(Nunclon, Denmark). When the cells became subconfluent, the medium
was replaced with fresh medium containing 10~*M hydrocortisone (14).

After an additional 3 days of culture, the spent medium was aspirated,
the cell monolayer was washed with 2 ml Hanks' balanced salt solution

twice and incubated with 0.5 ml of serum-free F-12 medium containing
1 m\i isobutylmethylxanthine and preincubated for 20 min in an
atmosphere of 5% CO2 and 95% air. Then, 0.5-ml aliquots of samples
which had been incubated at 37Â°C,were added to each dish and
incubated for an additional 15 min at 37Â°Cin a CO.. incubator. The

reaction was terminated by the addition of 0.2 ml ice-cold 50% trichlo-
roacetic acid. The cell monolayer was scraped off, and transferred to a
glass tube and kept at â€”20Â°Covernight. Within a few days, the tube

contents were mixed well, centrifugea at 3000 rpm for 20 min, and the
supernatants were extracted three times with ether. cAMP produced in
the cells and released into the medium was determined by radio
immunoassay kits (NEK-033-10; New England Nuclear, Boston, MA).
Each sample was assayed using triplicate cultures. When 40 pg/ml of
human PTH(l-34) was added to the medium, a significant increase in
cAMP was always detected in our bioassay system. Data were expressed
as picomoles of cAMP produced per dish during 15 min of incubation.

PTH concentration in the fraction containing BRA was determined
by radioimmunoassay kits (Eiken Corp., Tokyo) using antiserum spe
cific for the C-terminal region. The normal serum concentration deter
mined by C torminal radioimmunoassay was 0.1-0.6 ng/ml.

IL-1-like Activity. IL-1-like activity was assessed as TPSA in the
presence or absence of submaximal doses of PHA (Difco Laboratories,
Detroit, MI) ( 15). In brief, single-cell suspensions of murine thymocytes
(strain C3H/HeJ, obtained from the Ohmura Experimental Animal
Institute, Chiba, Japan) were prepared by gently pressing and dispersing
the thymus into RPMI-1640 medium. The cells were washed once with
RPMI-1640 medium and resuspended at 1.5 x IO7cells/ml in RPMI-
1640 medium supplemented with 10% fetal calf serum, 25 MMmercap-
toethanol, and 2 HIMglutamine (Grand Island Biological Co., NY).
Thymocytes were cultured for 72 h at 1.5 x 10' cells/well (total volume,
210 M!)in tissue culture plates with 96 flat-bottom wells (Corning, NY)
in the presence and absence of PHA (final dilution, 1/1680) and various
dilutions of samples (usually 50 M' of eluates). Cultures were pulsed
with 0.2 MCi [3H]thymidine (New England Nuclear) per well for the

final 6 h of incubation. Cells were collected on filter paper using an
automatic cell harvester (Mash II; Microbiological Associates, Ho
thesda, MD) and the radioactivity was determined in a liquid scintilla-
tor. The results were expressed as the arithmetic mean of cpm [3H]-

thymidine incorporated in triplicate culture. An III standard used for
comparison was prepared from mouse macrophage hybridoma cells
with bacterial endotoxin (16).

Isoelectric Focusing. Eluates from the Sephadex G-75 column con
taining CSA and BRA were dialyzed against distilled water overnight.
After the addition of 5 ml Ampholine (pH 3.5-10, I.KM),sample was
diluted to a volume of 95 ml with distilled water. Five g Ultrodex
(LKB) was then added slowly. The slurry was degassed, poured into a
Pharmacia gel trough, and dried with an overhead hair drier. Electrode
wicks soaked in l M H3PO4 and l N NaOH served as the anode and
cathode, respectively. The gel trough was then mounted on a Pharmacia
flat bed apparatus, connected to a cooling supply (4"C), and run at a

constant power for 16 h. Afterwards, a tract innat ion grid was inserted
and each gel fraction was then transferred to a small column and eluted
with 6 ml of 0.9% NaCl solution. After the pH of each fraction had
been measured, the fractions were dialyzed extensively in a dialysis
membrane (molecular weight cutoff; 6000-8000) against 0.9% NaCl
solution containing 10 mMTris-HCl buffer (pH 7.4) and 0.02% sodium
azide for 3 days, and then against 0.9% NaCl solution containing
penicillin (100 U/ml) and streptomycin (100 Mg/ml). Finally, samples
were dialyzed against MEM overnight. To each retentate, 0.1 ml of
BSA (120 mg/ml) which had also been dialyzed against MEM, was
added and sterilized by filtering through a Millipore filter. Samples
were kept at 4"( ' until used for bioassay.

DEAE-Sepharose Chromatography. Sephadex G-75 column eluates
containing BRA and IL-1-like activity (numbers 37-45) were dialyzed
and applied to a DEAE-Sepharose column (2.2 x 7.0 cm) equilibrated
with 10 HIMTris-HCl (pH 7.0) containing 0.02% Tween 20 and 0.002%
chlorhexidine gluconate. After washing with two volumes of the buffer,
the column was eluted with a linear gradient of 0-0.2 M NaCl solution.
Each fraction was collected at a volume of 6 ml per tube. After a 300-
//! aliquot was taken for measurement of protein (17), samples were
dialyzed extensively against NaCl solution, and then against MEM as
described above.

Titration of IL-1-like Activity. rhIL-la with LAF activity of 2 x IO7
U/mg of protein (18) and recombinant human interleukin 1/3(rhll ,â€¢I.Â¡)
with LAF activity of 2 x IO7U/mg of protein (19) were supplied from

Dainippon Pharmaceutical Co. (Suita, Osaka, Japan) and Otsuka Phar
maceutical Co. (Tokushima, Japan), respectively. To study whether IL-
1-like activity in the fraction containing BRA has 111 concentration
sufficient to elicit bone rÃ©sorption,samples and rhll. in were serially
diluted with RPMI-1640 supplemented with 10% fetal calf serum and
assayed for TPSA as described above. The maximal TPSA induced by
rhlI .â€¢K was usually 55-80% that induced by an IL-1 standard prepared

from mouse macrophage hybridoma cells (16). One unit of LAF activity
was defined as the half maximal concentration to stimulate mouse
thymocyte proliferation in the presence of PHA. Theoretically, 1 U/ml
of rhIL-la was approximately 50 pg/ml. However, 1 U/ml of rhIL-la
we obtained ranged from 70 to 310 pg/ml, depending on a lot ofrhlL-
la. Therefore, rhIL-la concentration was expressed as U/ml in this

report. As reported previously, the half maximal concentration for
rhIL-la to elicit bone rÃ©sorptionwas observed at 10 U/ml (20).

Treatment of rhIL-ls and Samples with Anti-IL-1 Antiserum. Poly-
clonal anti II, l.i antiserum which had been prepared by immunizing
rabbits with rhIL-la was supplied by Dainippon Pharmaceutical Co.
(Suita, Osaka, Japan). rhIL-la at a concentration of 1 U/ml was
completely inactivated by the antiserum at a final dilution of 1/10,000.
Polyclonal anti-IL-1/3 antiserum which had been prepared by immuniz
ing rabbits with rhIL-1/3 was supplied from Otsuka Pharmaceutical Co.
(Tokushima, Japan). rhIL-1/3 at 1 U/ml was completely inactivated by

the antiserum at a final dilution of 1/5,000. Samples were treated with
various concentrations of antiserum and incubated for 3 h at 37Â°C.

Then, TPSA or BRA was determined as described above. Preliminary
experiments showed that these antisera did not affect PTH-induced
bone rÃ©sorption(20).

Effects of Indontethacin and Glucocorticoid on BRA and l'<. 1 .. Pro

duction. Fractions containing BRA (tube numbers 35 to 45) were
combined and cultured with fetal mouse bones with or without indo
methacin (1 MM).After 3 days of culture, BRA was determined as
described above, and the spent medium was immediately frozen at
-20Â°C. Samples were acidified to pH 3.5 and purified through Homi

Elute C-18 extraction columns (Analytichem International, Harbor
City, CA). PGE2 concentration was determined by radioimmunoassay
kits (NEK-020A; NEN Research Products, N. Billerica, MA) exactly

in accordance with the instructions issued by the supplier.
Transplantation of T3M-5 Cells into Nude Mice. T3M-5 cells (IO7

cells in 0.2 ml MEM) were injected into the right flank of nude mice.
When the tumors had grown to about 2 g and the tumor-bearing mice
had started to lose body weight, they were anesthetized with ether and
blood was taken from the abdominal vein. Peripheral blood leukocytes
were counted with a hemocytometer and serum calcium concentration
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HUMORAL HYPERCALCEMIA AND INTERLEUKIN 1

was determined using colorimetrie assay kits (KM 117 K; latron Labo
ratories, Inc., Tokyo).

RESULTS

CSA, BRA, and PTH-like Activity of the Serum-containing
Conditioned Medium of T3M-5 Cells. As shown in Fig. 1, T3M-
5 cells produced potent BRA and CSA peaks, as did T3M-1
cells (7). CSA was eluted as a single peak with an apparent
molecular weight of 25,000-30,000, whereas BRA was eluted
as a single peak with an apparent molecular weight of 15,000-
20,000.

When PTH-like activity was assessed in terms of cAMP
production in ROS cells, no significant adenylate cyclase-stim-
ulating activity was detected in the eluates of T3M-5 condi
tioned medium (Fig. 1), suggesting that BRA produced by T3M-
5 cells did not possess any PTH-like property per se.

In accordance with the previous report (7), immunoreactive
PTH concentration in the fraction containing BRA was not
elevated (0.1 ng/ml).

II.-I-like Activity of the Serum-containing Conditioned Me
dium of T3M-5 Cells. When TPSA was assessed in the eluates
from Sephadex G-75 column chromatography, potent IL-1-like
activity was detected in the presence of PHA, and this IL-1-like
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Fig. 1. CSA, BRA, and PTH-like activity of the serum-containing conditioned

medium of T3M-S cells. Concentrated conditioned medium of T3M-5 cells was
applied to a Sephadex G-75 column (2.2 x 83 cm) and fractionated into 5.5-ml
volumes/tube. After each eluate had been extensively dialyzed against MEM,
samples were assayed for CSA, BRA, and PTH-like activity. CSA was expressed
in terms of the numbers of colonies formed per 6x10* mouse bone marrow cells
during 7 days of culture, using 0.1-ml samples (final sample concentration, 2%
v/v). Results are the means of duplicate culture. BRA was assessed in terms of
the percentage of 45Ca released into the medium during 3 days of culture. Data,
means Â±SD of quadruplicate assays (* /' < 0.05). PTH-like activity was expressed
in terms of pmol cAMP produced per 35-mm dish during IS min of incubation.
Data, means Â±SD of triplicate cultures. Note that there was no significant
increase in cAMP in fractions containing BRA. Although adenylate cyclase-
stimulating activity was not determined in the highest BRA in this figure, no
significant increase in cAMP was detected in the highest peak in two separateexperiments. The column markers are blue dextran for the void volume (('.('.).
BSA, (M, 67,000), ribonuclease (RNase, M, 13,700), and 45Ca.

activity exactly coeluted with BRA as shown in Fig. 2. Serial
dilution studies of the fraction containing the highest IL-1-like
activity revealed that it contained TPSA equivalent to 30-80
U/ml of rhIL-la, which was well enough to elicit bone rÃ©sorp

tion per se (20).
This IL-1-like factor elicited only a slight but significant level

of TPSA in the absence of PHA. This direct IL-1-like activity
was comparable to that observed in T3M-1 cells (7).

CSA, BRA, and IL-1-like Activity of the Serum-free Condi
tioned Medium of T3M-5 Cells. As shown in Fig. 3, serum-free
conditioned medium of T3M-5 cells, which had been concen
trated more than 100-fold and kept at -20Â°C, contained potent

CSA. In contrast to CSA in Fig. 1, another peak of CSA was
observed at the void volume. This CSA peak was not detected
when serum-free conditioned medium was concentrated and
immediately applied to Sephadex G-75 column (data not
shown).

As expected, T3M-5 cells produced potent IL-1-like activity
in serum-free medium. IL-1-like activity was eluted as a broad
peak with an apparent molecular weight of 10,000-20,000.
Corresponding to this IL-1-like activity, a potent BRA peak
was detected. These findings indicate that T3M-5 cells actually
produce CSA and IL-1-like activity.

In addition to the potent BRA corresponding to a peak of
IL-1-like activity, a slight BRA was detected where CSA was
eluted. Since the similar finding was observed in T3M-1 cells
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Fig. 2. IL-1-like activity of the serum-containing conditioned medium of T3M-

S cells. Concentrated conditioned medium (about 6 ml) was applied to a Sephadex
G-7S column and fractionated to volumes of about 5.5 ml/tube. After each eluate
had been extensively dialyzed against MEM, CSA, BRA, and IL-1-like activity
were determined as described in "Materials and Methods." CSA and BRA were
expressed as described in the legend to Fig. 1. IL-1-like activity was expressed in
terms of [3HJthymidine incorporation into C3H/HeJ murine thymocytes. Samples
used were SO ;<l eluates/210-^1 well. Data, means of triplicate cultures in the
presence (â€¢)and in the absence (O) of PHA. Maximal thymocyte proliferation
induced by culture supernatant of macrophage hybridoma in the presence of PHA
was 13,480 Â±1,320 cpm (mean Â±SD, n = 3). * P < 0.05, ** P < 0.001 ; compared
with control (fraction 3). Column markers are the same as in Fig. 1.

6476

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6474/2958594/cr04724p16474.pdf by guest on 19 M

ay 2023



HUMORAL HYPERCALCEMIA AND INTERLEUKIN 1

x-so-

80%Â£

603Â¡nn

A020*nO*xÃŒ101

82a
e.Ã‡
4B2

2â€¢x<*>*?

*o';i

*fi

|Â¿TISÃ±

/ ifi 1!/
ulIIUÂ«....iII ffiÃ¼n*%Â§

n i'ÃŒ!...U...O...UV.V.

BSA RNase^5cao
o o o .

.AÂ».///

M~\â€¢ â€¢â€¢Â» Â»Â»*AoÂ°'OC'0^T^Â»*Â»Â« Â« .VÃ³o080

oJ60

?s.Â«o

I20

S|5Tâ€¢DB10

ÃŒ35

'~-3**

IÃŽ 10 20 30 40 50 60

Fraction number
Fig. 3. CSA, BRA, and II I like activity of serum-free conditioned medium

of T3M-S cells. Serum-free conditioned medium supplemented with 0.1% BSA
was concentrated more than 100-fold and stored at â€”20*C.Five ml of the
concentrated medium was applied to a Sephadex G-7S column (2.2 x 83 cm) and
fractionated to volumes of about 5.5 ml/tube. After each sample had been
extensively dialyzed against MEM, samples were assayed for CSA, BRA, and II
1-like activity as described in "Materials and Methods." CSA (O) was expressed

as described in the legend to Fig. 1. BRA (CD)was assessed in terms of the
percentage of4 V;i released into the medium during 3 days of culture. Data are
means Â±SD of quadruplicate assays. * P < 0.05; compared with control (fraction
2). IL-1-like activity (â€¢,O at bottom) was expressed as described in the legend to
Fig. 2. Column markers are the same as in Fig. 1.

(7), it remains to be determined whether CSA also possess
slight BRA per se.

Isoelectric Focusing of CSA, BRA, and IL-1-like Activity. As
shown in Fig. 4, the pi of CSA was 5.4, whereas that of BRA
was 4.7-5.2. The pi of IL-1-like activity was detected at acidic
pH (pi, 4.7-5.2) and exactly corresponded with that of BRA.
When rhIL-1Â«was analyzed in another experiment, its pi value
was 5.2 (data not shown). No IL-I-like activity was detected at
neutral pH, suggesting that T3M-5 cells produce only an acidic
form of the IL-1-like factor.

Ion Exchange Chromatography of BRA and IL-1-like Activity.
When the fractions (tube numbers 36-45) containing BRA were
applied to a DEAE-Sepharose column and eluted with a linear
gradient of NaCl (0-0.2 M), IL-1-like activity was eluted as two
separate peaks, namely peaks A and B (Fig. 5). BRA was also
eluted as two separate peaks which exactly corresponded with
those of IL-1-like activity.

When the IL-1-like activity in peak A was collected and
analyzed by isoelectric focusing, pi values of peaks A and B
were 5.2 and 4.9, respectively, suggesting that the slightly broad
peak of IL-1-like activity in Fig. 4 was composed of at least two
IL-1-like factors with slightly different pi values.

Effects of Anti-IL-1 Antiserum on TPSA of rhIL-ls and IL-
1-like Factor of T3M-5 Cells. rhIL-la (approximately 10 U/
ml), rhIL-10 (approximately 10 U/ml), or IL-1-like activities
in peaks A and B were incubated with either anti-IL-la anti-
serum or ami II. lo' antiserum at various dilutions for 3 h at
37Â°C.Thereafter, TPSA were assessed. As reported previously
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Fig. 4. Isoelectric focusing of CSA, BRA, and IL- 1-like activity. Sephadex G-

75 eluates containing BRA and CSA (fraction tube numbers 32-46, Figs. 1 and
2) were analyzed by isoelectric focusing electrophoresis as described in "Materials
and Methods." BRA and CSA were expressed as described in Fig. 1. IL-1-like

activity was expressed as described in Fig. 2. Data, means of triplicate cultures in
the presence (â€¢)and in the absence (O) of PHA. Maximal thymocyte proliferation
induced by culture supernatant of macrophage hybridoma was 15,200 Â±1,360
cpm (mean Â±SD, N = 3). * P < 0.05; compared with control (fraction 2).

(20), 10 U/ml rhIL-la maximally stimulated thymocyte prolif
eration in the presence of PHA. Usually the maximal thymocyte
proliferation induced by rhIL-la or rhIL-1/3 was 55-80% that
induced by the supernatant of macrophage h\ brido mas (16).

As shown in Table 1, anti-IL-la antiserum dose-dependently
and completely inactivated TPSA of rhIL-la, whereas TPSA
of rhIL-l|8 was not inactivated but rather dose-dependently
stimulated (Table 1, experiments A and B). Similarly, ami II,
IÃŸ antiserum dose-dependently and completely inactivated
TPSA of rhIL-1/Ã®,whereas TPSA of IL-la was not inactivated
but rather significantly stimulated at high antiserum concentra
tion. These findings were reproducible in three other experi
ments.

In good accordance with these findings, anti-IL-la antiserum
dose-dependently and completely inactivated TPSA of peaks A
and B of T3M-5 cells, whereas anti-IL-10 antiserum did not
(Table 2). Similar to effects of anti-IL-1/8 antiserum on rhlL-
la (Table 1, experiment A), TPSA of peaks A and A was rather
stimulated by anti-IL-1/3 antiserum for some unknown reason
(Table 2, anti-IL-lÃŸ antiserum).

Effects of Anti-IL-1 Antiserum on BRA of rhIL-ls and 11-I-
like Factor of T3M-5 Cells. In parallel with TPSA, BRA induced
by rhIL-la was completely inactivated by anti-IL-la antiserum
but not by ami II, 1>>antiserum. This was also the case with
rlill. hi. BRA induced by rhIL-1/3 was completely inhibited by
anti-IL-1/3 antiserum but not by anti-IL-la antiserum (Table

3).
As expected, BRA produced by T3M-5 cells (Fig. Infractions

38-42) was completely inactivated by anti-IL-la antiserum, but
not at all by anti-IL-1/3 antiserum, suggesting that the BRA
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Fig. 5. Ion exchange column chromatography of BRA and IL-1-like activity.
Sephadex G-75 eluates containing BRA and IL-1-like activity (fraction tube
numbers 36-45, Figs. 1 and 2) were dialyzed and applied to a DEAE-Sepharose
column (2.2 x 7.0 cm). The column was eluted with a linear gradient of NaCl (0-
0.2 M). Each eluate was extensively dialyzed and assayed for BRA and IL-1-like
activity as described in "Materials and Methods." BRA was expressed as described
in Fig. 1, and IL-1-like activity was expressed as described in Fig. 2. Maximal
thymocyte proliferation induced by culture supernatant of macrophage hybridoma
in the presence of PHA was 12,260 Â±1,780 cpm (mean Â±SD, N = 3). * P <
0.05; compared with control (fraction 2).

Table 1 Effects ofanti-lL-l antiserum on TPSA ofrhlL-ls
rhIL-la or rhIL-1/3 was dissolved in KI'M I 1640 medium containing 10%

fetal calf serum, and divided in 96 multi-well tissue culture dishes (0.1 ml/dish),
to which :HIIi II. I antiserum (10 u\) was added in a serial dilution. After 3 h
preincubation at 37'C, murine thymocytes (1.5 x IO6 cells/100 jil) were added

and cultured in the presence of PHA for 3 days. Final dilutions of each antiserum
are indicated. Both rhll !.. and rhll l.i concentrations were approximately 10
I nil. Data, means Â±SO (cpm/well) of triplicate cultures. Maximal thymocyte
proliferation induced by supernatant of macrophage hybridoma was 15,966 Â±
2,316 cpm for experiment A and 26,795 Â±3,053 cpm for experiment B.

| Ã•111tumulineincorporationExperiment

AAnti-IL-la1/10,080

1/2,520
1/630Control176

Â±43
185+ 106
179 Â±71
256 + 79rhIL-la8,864

Â±1,661
6,119+ 193

256 Â±93Â°-*
228 Â±24Â°'*Experiment

BControl426

Â±64
424 + 103
512 Â±187
529 Â±108rhIL-1014,783

Â±2,191
14,209+ 1,321
19,887 + 677Â°
24,245 Â±2,109Â°

Anti-IL- 1/3
(-)
1/10,080
1/2,520
1/630

141 Â±43
151 Â±53
229 Â±110
207 Â±63

8,433 Â±1,071
7,125 + 820
7,435 Â±1,543

11,472Â± 1,355Â°

455 + 105 14,054+ 1,817
478 Â±89 15,470 Â±533

9,955 Â±1,601Â°
716 Â±236Â°'*

430 Â±77
596 Â±181

Â°P < 0.05, antiserum (â€”)vs. antiserum (+).
* Not significantly different from control (P > 0.1).

produced by T3M-5 cells is immunologically indistinguishable
from IL-la (Table 4).

Effects of Indomethacin on BRA and PGE2 Production by
T3M-5 Cells. Consistent with the findings obtained from rhlL-
\a (20), bone rÃ©sorptioninduced by the IL-la-like factor of

Table 2 Effects ofanti-IL-1 antiserum on TPSA ofT3M-5 cells
Anti-IL-la or anti-IL-IÃŸserum was added to eluates in peak A or B to final

concentrations as described below and preincubated for 3 h at 37'C. Thereafter,
TPSA in the presence of PHA was determined as described in "Materials and
Methods." Maximal thymocyte proliferation induced by culture supernatant of

macrophage hybridoma was 24,950 Â±4,813 cpm for experiment A and 13,670 Â±
1,920 cpm for experiment B. Data, means Â±SD (cpm/well) of triplicate cultures.

|'11|'l h\midiiK- incorporation

Control Peak A Peak

I- Anti-IL-la antiserum
(-)
1/42,000
1/4,200

H \nti-ll 1.i antiserum

1/30,000
1/3,000
1/300

526 Â±64
424 Â±103
341 Â±95

256 Â±142
305 Â±44
246 Â±105
203 Â±23

11,595 + 2,440
9,251 Â±1,079

372 Â±140Â°'*

5,572 Â±876
5,210 Â±368
5,266 Â±1,086

11,738 Â±1,712Â°

10,153 Â±773
9,196 Â±533

386 Â±133Â°'*

5,123 Â±412
4,667 Â±307
4,390 Â±564
9,706 Â±947Â°

Â°P < 0.01, antiserum (-) vs. antiserum (+).
* Not significantly different from control (P > 0.1).

Table 3 Effects ofanti-IL-1 antiserum on bone rÃ©sorptioninduced by rhlL-Is
rhIL-la or rlill I.; was dissolved in MEM containing 0.2% BSA to a linai

concentration of approximately 40 U/ml. Control medium (MEM containing
0.2% BSA) and IL-1-containing medium were added to multi-well culture dishes
(0.4 ml/well), to which 0.1 ml of ami-IL-la or aini-Il. l.Â¡antiserum was added
to a final concentration as described. After 30 min incubation at 37"C, bone
rÃ©sorptionassay was performed as described in "Materials and Methods." Data,

means Â±SD of quadruplicate cultures.
45Ca release (%)

Control rhIL-la Control rhlL-1/3

Anti-IL-la
(-)
1/300

25.4 Â±4.8
26.9 Â±5.5

Anti-IL-10
(-) 25.4 Â±4.8
1/150 25.4 Â±2.9

60.3 Â±10.6Â°
25.1 Â±3.6*

60.3 Â±10.6Â°
57.2 Â±6.3Â°

12.3 Â±1.6
13.5 + 2.7

12.3 Â±1.6
13.2 Â±1.9

54.6 Â±6.8Â°
50.5 Â±14.1Â°

54.6 Â±6.8Â°
14.1 Â±0.34*

Â°/><0.01 (control vi. IL-1).
* Not significantly different from control (P > 0.1).

Table 4 Effects ofanti-IL-1 antiserum on bone rÃ©sorption
Sephadex G-75 eluates containing BRA (tube numbers 39-42 in Fig. 2) were

combined and incubated with anti-IL-1 a or anti-IL-1/j antiserum at a final dilution
of 1/200 and 1/100, respectively, for 30 min at 37'C. Then, BRA was determined
as described in "Materials and Methods." Eluates without any IL-1-like activity
(tube numbers 1-3 in Fig. 2) served as control. Data, means Â±SD of quadruplicate
cultures.

"Ca release (%)

Control T3M-5

Anti-IL- la antiserum

Anti-IL- 10 antiserum

17.5 Â±1.8
20.2 Â±2.7

22.5 Â±2.6
23.8 Â±3.5

62.5 Â±8.9Â°
21.3 Â±2.3*

54.8 Â±12.6Â°
59.0 Â±14.1Â°

Â°P < 0.05 (control vs. T3M-5).
* Not significantly different from control (/>> 0.1).

T3M-5 cells was accompanied by PGE2 production in fetal
mouse forearm bones (Table 5). Although PGE2 production
was completely inhibited by the addition of indomethacin to
the culture medium, bone rÃ©sorptionwas only partially inhib
ited by indomethacin. Hydrocortisone treatment also partially
inhibited bone rÃ©sorptioninduced by IL-la-like factor (Table
5), as was reported for rhIL-la-induced bone rÃ©sorption(20).

Transplantation of T3M-5 Cells Into Nude Mice. When tu
mors had grown to more than 1.5 g, serum calcium concentra
tion was elevated to 13.6 Â±1.2 mg/dl (N = 3, mean Â±SD),
and peripheral blood leukocyte counts exceeded 160,000/mm3

in all mice. In control nude mice, serum calcium concentration
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Table 5 Effects of indomethacin and hydroconisone on BR.4 and
PtÃ¬Eiproduction

Indomethacin or hydrocortisone was added to Sephadex G-75 eluates contain
ing BRA (tube numbers 39-42 in Fig. 2) and control eluates (tube numbers 1-3).
After 3 days of culture, BRA was determined as described in "Materials and
Methods." Data, means Â±SD of quadruplicate cultures. l'(. I concentration in
the spent medium (0.5 ml/well) was determined as described in "Materials and
Methods." Data, means Â±SD of quadruplicate cultures.

Effect of indomethacin
"Ca release (%) PGE2 (pg/ml)

ControlIndo(-)
2 1.4 Â±2.0

Indo (1 MM) 20.6Â±2.9Effect

ofhydrocortisoneHydrocortisone

concentration(m)
(-)Control

23.3 Â±2.0
T3M-5 72.8 Â±6.9Â°T3M-566.8

Â±5.7"
30.5Â±3.1*'cio--21.4

Â±2.6
7 1.6 Â±5.7Â°Control12.3

Â±8.2
ND*"Ca

releaseio-723.6

Â±1.967.2
Â±7.3Â°T3M-51250

Â±427
25.4 Â±18io-*22.0

Â±3.131.6Â±3.5*'c
Â°P < 0.001 (control vs. T3M-5).
* P < 0.01 (control vs. T3M-5).
' P < 0.001 (untreated vs. treated).
' ND, not detectable.

and leukocyte counts were 10.1 Â±0.2 mg/dl and 5030 Â±2840/
mm3 (N = 4, mean Â±SD), respectively.

DISCUSSION

As reported previously (8), T3M-5 cells produce excess CSA
with an apparent molecular weight of 27,000 (pi, 5.4), which
predominantly stimulates the formation of granulocyte colonies
in vitro and, when transplanted into nude mice, causes marked
granulocytosis in the tumor-bearing nude mice. In addition to
CSA, T3M-5 cells were found to produce a potent bone-resorb-
ing factor with an apparent molecular weight of 15,000-20,000
(pi, 4.7-5.2). This bone-resorbing factor was devoid of PTH-
like activity but always coeluted with IL-1-like activity. These
findings are very similar to those obtained from T3M-1 cells
derived from a patient with squamous cell carcinoma, which
also elicited marked leukocytosis and hypercalcemia (1,6, 7).
Since IL-1 is capable of causing neutrophilia (21), CSA and IL-
1-like factor must be synergistically responsible for granulocy
tosis in such patients.

Human monocytes and macrophages produce two forms of
IL-1, namely IL-1Â«and IL-IÃŸ(22). When stimulated, mono
cytes and macrophages produce much more IL-10 than IL-la
(22, 23). Recently, it was demonstrated that both forms of IL-
1 bind to the same receptors of target cells (24, 25), thereby
eliciting almost the same biological effects, such as T-cell acti
vation, fibroblast proliferation, and PGE2 production in fibro-
blasts and osteoblast-like cells (25-27). Recently, Dewhirst et
al. (28) reported that OAF is identical to IL-1/3. As expected,
we found that IL-1Â»also stimulated osteoclastic bone rÃ©sorp
tion in fetal mouse bones and that the PGE2 produced in the
bones was at least partly involved in IL-la-induced bone rÃ©
sorption (20). More recently, Mundy et al. (29, 30) proposed
that OAF is not a single factor but a generic term for bone
resorbing factors produced by mononuclear cells in the periph
eral blood. Therefore, it is very reasonable to add IL-la to the
list of other OAFs such as tumor necrosis factor and lympho-
toxin (29).

IL-1 is primarily produced by antigen-presenting cells, such
as macrophages, monocytes, lymphnode dendritic cells, and
epidermal Langerhans cells (21). However, there have been
increasing numbers of reports that IL-1-like factors are pro
duced by various other types of cells, such as glial cells, mes-
angial cells, leukemic cells, keratinocytes, and squamous carci

noma cells (21, 31, 32). Although a few reports suggest that
IL-1-like factors produced by certain malignant cells are not
authentic but rather aberrant IL-1 (33, 34), the IL-1 Â«-likefactor
produced by T3M-5 cells has a molecular weight and pi almost
identical to those of rhIL-1Â«. Furthermore, the TPSA as well
as BRA of the IL-1-like factor was completely abolished by
anti-IL-la-antiserum, but not by anti-IL-1/3 antiserum, sug
gesting that the tumor exclusively produces the a type of IL-1.
Since the TPSA in peak A (pi, 5.2) and peak B (pi, 4.9) was
completely inactivated by anti-IL-la-antiserum, the IL-la-like
factor in peak B may have been a degradative product of that
in peak A.

In good accordance with rhIL-la-induced bone rÃ©sorption
(20), bone rÃ©sorptioninduced by the IL-la-like factor of T3M-
5 cells was accompanied by PGE2 production in fetal mouse
forearm bones. Furthermore, the bone rÃ©sorptioninduced by
both factors was partially inhibited by indomethacin at 1 //\i. a
concentration at which PGE2 production was completely abol
ished. These findings suggest that the bone rÃ©sorptioninduced
by the IL-la-like factor of T3M-5 cells is mediated by a PGE2-
dependent as well as a PGE2-independent mechanism as was
the case with rhIL-la (20). Although there have been somewhat
discrepant data concerning the involvement of PGE2 in IL-1-
induced bone rÃ©sorption,our findings were recently confirmed
by others (35, 36). Furthermore, bone rÃ©sorptioninduced by
the IL-1-like factor was not completely inhibited by glucocor-
ticoid as was the case with rhIL-la (20). These in vitro findings
are also consistent with the clinical observation that treatment
with prednisolone was unable to ameliorate the hypercalcemia
of the patient (3).

Squamous cell carcinoma of the thyroid is a rare disorder
which accounts for less than 1% of all the malignant tumors of
the thyroid (37). In view of the recent reports that human
keratinocytes predominantly contain mRNA indistinguishable
from monocyte IL-la (38) and that certain squamous cell
carcinoma cells produce IL-1-like factors (32), it is not surpris
ing that T3M-5 cells derived from squamous carcinoma consti-
tutively produce IL-la. Our preliminary data also suggest that
other human squamous cell carcinoma cell lines derived from
patients with hypercalcemia (T3M-1, EC-GI), which were able
to elicit hypercalcemia in tumor-bearing nude mice, also con-
stitutively produce IL-la-like factor (39, 40). Previously, OAF
was claimed to be responsible for the hypercalcemia associated
with hematological malignancies (41). However, our present
findings suggest that OAF-like factor, probably IL-la, may be
responsible for humoral hypercalcemia not only in hematolog
ical malignancies but also in certain solid tumors. We previously
reported that peripheral mononuclear cells obtained from a
hypercalcÃ©miepatient with adult T-cell leukemia produced a
potent BRA (42). Since T-cell lines transformed by HTLV-1
retrovirus exclusively produces the mRNA for IL-la (43), IL-
la may also be responsible for the hypercalcemia associated
with this hematological malignancy.

In summary, we have demonstrated that T3M-5 cells, estab
lished from squamous cell carcinoma of the thyroid of a patient
with granulocytosis and hypercalcemia, constitutively produce
CSF and a potent bone-resorbing factor that is physicochemi-
cally and immunologically indistinguishable from IL-la. When
T3M-5 cells were transplanted into nude mice, marked leuko

cytosis and hypercalcemia developed. Since exactly the same
phenomenon was observed in T3M-1 cells (7, 39), and since
there have been several additional case reports in Japan (4, 5),
the syndrome of hypercalcemia and leukocytosis associated
with some solid tumors may comprise a distinct form of para-
neoplastic syndrome. It is very intriguing that most of the
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previously reported patients had squamous cell carcinomas as
did the present patient (3).
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