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Synthesis of the biologically active metabolitets) from La-hydroxyvilamin D, (la(OH)D,) was sxamined in various types af human leukemia call

lines. Unircated monrocyloid leukemia cells (U937 und HELSS) metabolized 1a(OH)D, 1o the astive metabolite(s), possibly [2.24- and/or |2,

2S.dihydroxyvitamin D, and (hese cells were efTiciently induced to differentiute by treatment with 1atQM)D,. However, the ather types of leukemiu

cells did not efMielently metabolize it and were not induced to differentiate by 1@(OH)D,. The possible therapsutic advantage of 1a(QH)Dy in the
treatment of monocytie leukemii is discussed.

Monosytic leukemia cell; Vitamin B, activation: DifTerentiation

1. INTRODUCTION

The biologically astive metubolite of vitamin D,,
ia,28-dihydroxyvitamin D, (1&,25(0H),Dy). is a cal-
cium-regulating hormone secreted by the kidney [i].
The hormene exnerts its offect of inducing intestinal cals
cium transport and bone mineral mobilization activities
by binding to a specific cytosol receptor in these organs.
Some tumor cells also possess similar cytosol receptors
to which 1a.25(0OH},D, binds specifically 2], 12.28
(OHM),0, inhibits cell growth and induces differentiation
of some tumeor cells, including myelomenocytic leuke-
mia cells [2,3].

Although le(OH)D, was only 0.0l as uctive
le,25(0OH),D, in inducing differentiation and inhibiting
growth of mouse myeloid leukemia M1 cells in vitro,
la(OH)D, was more potent in enhancing the survival
time of mice inoculated with the M1 gells [4]. It has been
reported that liver is a major site of 25-hydroxylation
of vitamin D,, but tissues other than the liver may also
possess 23-hydroxylating ability [1]. Activated macro-
phages or 1a,25(OH),D,-treated promyelecytic leuke-
mia HL-60 cells have some vitamin D-metabolizing en-
zymes, including the 24-hydroxylase [5-7]. These results
suggest that some myeloid lsukemia cells may have the
24- and/or 25-hydroxylating activilies, and that
1a(OH)Dy, may be efficiently metabolized to active me-
tabolite(s) in the leukemia cells. In the present experi-
ment we examined the possibility of metabelic conver-
sien of 1a(QOH)D, to the active metabolite(s) in the leu-
kemia cells.
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2. MATERIALS AND METHODS
1-

1. Celly aud cell eudiury

Human teukemia cell lines were culiured in suspension in RPMI
1640 medium supplemented with 10% fetal bovine serum at 37°C in
a humidified stmesphere of 5% COQ, in air (8). The hunuen leukemia
¢l lines used in the present experiment were as follows: U937 and
HEL/S (monocylsid), K582 und HEL/O (erythroid). HL-60and ML-}
{myeloid), and BALL-1 and MOLT4 (lymphaid).

3.2, Assay of eel! growth and praperiier of difforentiated cells

Cell numbers were counted in a Model 2M Coulter Counzer (Coul-
ter Eleciranics, Luton, UK). Nitro blue tetrazalium {NBT} reduction
was assaycd as reporied previously (9] 1a(OH)D, and 1a,25(0H),D,
were obiained from Chugai Pharmaceutical Co. (Takyo).

2.3. Binding asray of aciive metaboliies

The assay was performed by campetition belwesn unlabeled sam-
ples and *H:labeled 1a,25(0H),D, lor binding » prolein which has a
high speeificily and offinity for 12,25(0M),D,, using an Amersham
ussay kit.

3, RESULTS

1, 25(0OH).D, dose-dependently induced NBT reduc-
ing activity (a typical differentiation marker) of HL-60
cells and HEL/S cells, and 1a(QOH)D, did not induce
WBT reduction of HL-60 cells, as praviously reported
[2], however. HEL/S cells were induced to differentiate
by 1a(OH)D,, and more e¢fficiently than la,25(0OH),D,
(Fig.1). To examine the metabolic activation of
le(OM)D, in leukamin cells, several types of leukemia
cells (5 x 10%ml) were cultured with or without 100
ng/mi of 1a(OH)D, for 24 h and the conditioned me-
dium was harvested. Cenversion of 1a(OQH)D, to an
active metabolite was examined by inducing NBT re-
duction of HL-60 cells (Fig. 2). The conditioned me-
dium from U937 er HEL/S cells significantly induced
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Table |
80 F HL-60 Activation of 1a(OH)D; by differentiated HL-60 colls induced by
R 12.25(0H),D,.
60} / Treatment Differentintion Mstubolic ustivalion
{NBT reduction, ef 1a(QH)D, (NBT
s A o 107 cells redustion, Au/i0" cells)
4Qr
None 1308 1.1 2048
% 1&,25(QH),D, 59%14 27%12
20h 4 TNFa 5209 1306
20 TPA 6.1 =07 L1 0.5
£ ol ~ — Retinoic acid 53308 12306
‘E HEL/S HL-60 celly were cubtured with 100 ng/ml of 1a,25(QH),D,, 2 ng/m!
b= o of tumer necrosis factor @ (TNFe), 0.5 ag/ml of 12.Catetrude.
§ BO - / ennoylphotbol. | d.acemte (TPA), or 4 x 107 M retinoie acid for 4
g af duys. NBT reducing activity in un uliquot of the treated celly was
® determined (Dilferentiation). and the semaining sclls were washed
60 F with phasphate bulTered saline, and then were cultured with 100 nghnl
of 1a(OHM)D; for 24 h. The resulting conditioned medium was cals
s lected und the metabolic astivation of 1a(OHID, was aisayed by
&Qr ,./ messuring NBT reduction of HL-60 cells ufler trentment af the celly
. e with 10% (viv) of the canditivned medium for 4 days (Melabolic
/ activation of 1&(QHID,). The conditiened mediwn rom culiure withe
20h Cp=© aut 1a(QH)D, of the 1@,25(0H ), Dy trested cells was unable rta induse
NBT reduction of HL-60 cells,
0 2 3

0 1 10 100
Yitamln D, {ng/ml}

Fig. |. [nduction of NBT reduction of HEL/S cells by L2(OH)D,, Cells

ware {reated with various concenirntions ef 1a{OH)D, (0} or

12,2500 H,D, (@) for 4 days. NBT reduction wus expressed us the %
of NBT-positive cells.

NBT reduction of HL-60 cells, but not those from the
ather cells. Although untreated HL-60 cells are promy-
elocytic. monoeytic differentiation of the ML-60 cells
can be induced by several compounds. The HL-60 cells
which were induced 10 monccytic differentiation by
l&,25(OH),D; could metabolize 12(OH)D, to un active
metabolite(s), but the differentiated eells by the other
inducers could not metahelize the 1a(OH)D; (Table I

Canversion of 1a(OH)D, to an active metabolite, and
metabolic inactivation of la,25(0OH),D,. increased with
higher densities of cultured <¢lls and lunger incubatian
times. In the culture of U937 celis (5 x 10° cells/ml) with
1090 ng/ml of 1a(OH)D,. the NBT-inducing activity was
not detected within 5 h, but thereafter increased to a
mazximal level at 2 days (Fig. 3). Metabolic inactivation
of 1a,25(0H),;D, was also ohserved in the U937 cells,
but it was later than the activation of 1e&(OH)D,. The
amount of 1a,25(0OH),D, in the conditioned medium of
la(OH)D,-treated culture was determined by the radi-
oreceptor assay. A greater than 100 molar excess of
1Z(CH)D;, wos mquired o displase il bound
12,25(0H),{*"H]D, (2]. The result of the radioreceptor
assay wus consistent with that of induction of MBT
reduction (Fig. 3).
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4, DISCUSSION

Normal pulmonary macrophuges are known to
metubolize 28(0OH)D, by treatment oi the cells with
interfercn-y or lipopolysaccharide [5,6). The polar
metabolites were identified as [@,25(0H),D, and
24.25(0H}.D,. [t is of interest to examine metabolism
of vitamin Dy in monocytic leukemia cells. Although
some myelomonecytic leukemiu cells can metabolize
25(QH)D,, the metabolite isolated is not a biologically
active metabolite such as 12,25(0OH),D, [7,10].

The present results clearly demonstrate that the une
treated monaeytic leukemia cells preferentially convert
1a(OH)D, 1o a biologically active metabolite(s). The
metabolite(s) comigrated with authentic 1&,25(0H),D,
on a Sephadex LH-20 chromatography column. The
metabolite(s) had the same affinity for the
16, 25(0H),D,-specific receptor as authentic 1,25
{OH),D,. However, we can not eliminate the pessibility
that the untreated monocytic leukemia cells can synthe-
size 1@,24(OH),D; as well as 1a,25(0H),D,. The 24-
hydroxylase was induced in interferon-y-stimulated
macrophages and 1e,25(0H),D,-treated HL-60 cells,
but not in the untreated cells [5,7). 1a,24(0H);D, has a
similar potency of inducing NBT reduction of HL-60
cells and the same affinity for the specific receptor as
1, 25(0H),0D, [2].

Untreated monoeytic leukemiu cells can metabolize
12{OHD; to u biclogically active metabholite(s) and are
induced to differentiate inte mature macrophages by
their own metabolite(s). It is tempting to speculate on
the therapeutic significance of the active metabolite(s).
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Fig. 2. Activation of 1a{QHM)D, in monocyleid leukemia sell lines.

Cells (5 x 10%ml} were cultured with (stippled bars) or without (open

burs) 108 ng/mil of 1@ (OH)D4 for 24 h. The conditioned medium was

colleied nnd udded (final consentration, 10%) to the cuture of HL-60

eells for 4 days. Conversion of the active metabolite(s) was exumined
by industion of NBT redustion.

Qur previous results indicate that le(OH)D, is more
effective thun 1e,25(QH)D, for enhuneing the survival
time of mice inoculated with mouse myeloid leukemia
M1 cells (4). Endogenous cytekines, such as interferon-
7, may induce 24- or 25-hydroaylase activity in the
inoculated M cells and then the cells may convert
lafOH)D, to 1a,25(0H),D, or 106,24(QH),D,. The me-
tabolite(s) may be effective in inhibiting protiferation of
their own cells and in prolonging the survival time of the
leukemic mice without any serious side affects. Because
in vivo administrution of 1a(QH)D, to mice resulted in
no appreciable hypercoleamia [4], it might be useful for
treatment of some types of leukemias, including mon-
ocytic leukemia and vitamin Dy-respansive myeloid leu-
kemia.
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Fig. 3. Time-courses of activation und inactivation of vitamia Iy in

U937 cells, U937 cells (3 x 10%/ml) were treated with 10¢ ng/iml of

la(OH)D, {®)or |2,25(0H).D, () for the indicated times. The results

ing conditioned medium (finul consentration 10%) was added to HL-

60 cells, NBT reduction of HL-60 cclls was examined after 4-day

culture. M, umeunts of 12,25(QH);D,-competitive compounds. Bars
ure meuns 2 S.D. for three dilferent experiments.
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