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Summary—We have examined the ability of blood-derived monocytes and macrophages
isolated from a patient with alveolar rhabdomyosarcoma and hypercalcaemia, to form
24,25-dihydroxyvitamin D; (24,25(0H),D;) or 1a,25-dihydroxyvitamin D; (14,25(0H),D,)
from 25-hydroxyvitamin D, (25(OH)D;). Adherent monocyte-macrophage cells incubated
with 25(OH)D; over the initial 2 days in culture synthesized 1.9 pmol 24,25(OH),D,/h/
incubation (representing 0.63 pmol/h/10° cells), whereas macrophages synthesized 1.03 and
1.15 pmol 1¢,25(0OH), D, /h/incubation after 1 and 4 weeks in culture respectively. In a further
experiment synthesis of 1¢,25(0H),D; by long-term cultured macrophages fell from 2.25 to
0.04 pmol/h/incubation following exposure to 10nM 1a,25(0H),D, for 7 days, whereas
24,25(0H), D, synthesis was induced (0.46 pmol/h/incubation). The vitamin D, metabolites
were identified by co-chromatography with authentic 24,25(0OH), D, or 1a,25(0H),D; in three
different high-performance liquid chromatography systems. Serum 12,25(0H),D;, in the
patient was markedly suppressed at 5pg/ml (normal 20-50 pg/ml) indicating that raised
12,25(0H), D, was not the cause of the hypercalcaemia, but rather, that raised calcium may
have suppressed renal 1a,25(OH),D; synthesis. Administration of APD (3-amino-1-hydroxy-
propylidine-1,1-bisphosphonate) corrected the hypercalcaemia in the patient suggesting that
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increased bone resorption was responsible for the raised calcium.
The results of this study show for the first time that immature blood derived monocyte-
macrophage cells can synthesize 24,25(0H),D; before they mature into macrophages able to

synthesize 1¢,25(OH),D;.

INTRODUCTION

Normal metabolism of vitamin D, involves
sequential hydroxylation of the parent seco-
sterol to 25-hydroxyvitamin D, (25(OH)D,) in
the liver and then to 24,25-dihydroxyvitamin D,
(24,25(0OH),D,) which has limited biological
activity, or to the active hormonal form 1«,25-
dihydroxyvitamin D; (1«,25(0H),D;) in the
kidney. The renal synthesis of 1a,25(0H),D; is
primarily stimulated by parathyroid hormone
(PTH), synthesis of which is increased by hypo-
calcaemia, whereas synthesis of 24,25(0OH),D,
can be increased by 14,25(0H),D,[l,2].
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12,25(OH), D, appears to act by first binding to
a specific intracellular receptor protein, forming
a complex that then induces a series of genomic
interactions which results in activation or re-
pression of gene transcription. By these mech-
anisms 1¢,25(0OH),D, stimulates intestinal
calcium and phosphate absorption; increases
osteoblast mediated bone mineralization and
indirectly increases osteoclast mediated bone
resorption; decreases synthesis of PTH; de-
creases renal 25(OH)D;-1a-hydroxylase activity
and increases 25(OH)D,-24-hydroxylase activity
in renal cells, keratinocytes and fibroblasts. It
also induces differentiation and inhibits prolifer-
ation of keratinocytes, fibroblasts, monocytes
and lymphocytes, and inhibits secretion of
interleukin 2 by T-lymphocytes and immuno-
globulins by B-lymphocytes [2].
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Macrophages from pateints with sarcoido-
sis 3, 4], peritonitis [5], arthritis [6] or tuberculo-
sis [7] can also synthesize 16,25(OH), D, in vitro.
Similarly 25(OH)D;-la-hydroxylase activity
is expressed by normal macrophages in vitro
following activation with gamma-interferon
(y-INF)[4,8,9], bacterial lipopolysaccharide
(LPS) {4, 10] or tumour necrosis factor-alpha
(TNF-2)[11]. Conversely, 25(OH)D;-24-hy-
droxylase activity is only occasionally seen
in activated macrophages[4,9]. In patients
with sarcoidosis [3], tuberculosis [7], Hodgkin’s
lymphoma [12] or malignant lymphoma [13]
hypercalcemia has been described which was
related to raised serum 1o,25(OH),D;. In the
light of these observations we investigated the
metabolism of 25(OH)D,; by blood derived
monocyte-macrophage cells from a patient with
hypercalcaemia (serum calcium 3.8 mM) who
was later diagnosed as having alveolar rhab-
domyosarcoma with bone marrow involvement.

EXPERIMENTAL

Blood samples (20 ml) were taken from the
patient before and S days after administration
of 60mg 3-amino-1-hydroxypropylidine-1,1-
bisphosphonate (APD) given as a single 6 h
infusion to control the hypercalcaemia. These
blood samples were initially centrifuged at 500 g
for 20 min to collect plasma for vitamin D
metabolite measurements [14]. The cells were
then resuspended in 20 ml of serum-free RPMI-
1640 medium containing 2 mmol/l glutamine,
50 U/ml penicillin, 50 ug/ml streptomysin (Flow
Labs Ltd) and layered onto Ficoll lymphocyte
separating media (LSM; Flow Labs Ltd), which
was centrifuged at 500 g for 20 min to separate
the lower density lymphocytes and monocytes
from high density granulocytes and erythro-
cytes. The low density cells from the pre-APD
sample were washed using serum-free RPMI-
1640 medium, resuspended in a further § ml of
medium to give 5 x 10° cells/ml and plated as
2ml aliquots into 4 tissue culture wells. Two
aliquots were incubated at 37°C in a humidified
atmosphere of 95% air 5% CO, for 30 min and
then the adherent monocyte-macrophages (ap-
prox. 3 x 10° and non-adherent cells (approx.
7 x 10° monocytes and lymphocytes) were sep-
arated and incubated with [PH]25(OH)D; for
48 h. The adherent cells in the second pair of
aliquots were maintained in culture in 10 mls of
medium (changed every 34 days) containing
10% new born calf serum (Gibco BRL) for 1
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and 4 weeks, after which they were resuspended
in 2ml of incubation medium and incubated
with [*H]25(OH)D, for 24 h. The cells incubated
after 1 week in culture were fixed for morpho-
logical examination whereas the 4 week samples
was kept in culture for another 2 weeks. Fresh
10,25(OH),D; (10 nM, donated by Dr M. R.
Uskocovic) was then included in the medium
each day and a series of 24 h incubations carried
out on days 1, 2, 3 and 7 to examine the effect
of 1a,25(0OH),D, on the ability of the macro-
phages to metabolize [FH]25(OH)D,. Incu-
bations were also attempted with cells from the
blood sample taken 5 days after APD treatment,
however, these cells did not thrive in culture.

The assays of [PH]25(0OH)D, metabolism
were carried out by incubating cells in 2 ml of
serum-free RPMI-1640 medium supplemented
with 1.5 mg/ml bovine serum albumin (Immuno
Ltd). 50,000dpm [*H]25(OH)D, (6.5 TBq/
mmol, Amersham International) and 0.125 nmol
25(OH)D; (25 ng/ml, Roussel-Uclaf) at 37°C in
a humidified atmosphere of 95% air 5% CO,.
Vitamin D, metabolites were extracted from
each incubation by mixing the medium with
3 ml of chloroform and 2 ml of methanol, which
for some incubations was also used to rinse and
fix the cells. The extracts were centrifuged at
500 g for 20 min at 4°C and the lower chloro-
form layer removed, dried under a stream of
nitrogen gas and resuspended in 1 ml of ethanol
for storage at —20°C. Half of each extract
was initially analysed by normal phase high-
performance liquid chromatography (HPLC)
using a Zorbax—Si! column (4.6 mm x 25 cm;
DuPont Company) developed with a mobile
phase of n-hexane, propan-2-ol and methanol
(110:4:4, by vol) at 2 ml/min. Further aliquots
were then analysed by a second normal-phase
HPLC system developed with dichloro-methane
and methanol (97:2.5, v/v) and by a reverse-
phase HPLC system wusing a Zorbax-
ODS column (4.6 mm x 25 cm; DuPont) devel-
oped with methanol and water (85:15, v/v) at
2 ml/min. Timed eluent fractions were collected
and the radioactivity associated with the sub-
strate, 24,25(0OH),D; and 12,25(OH),D, esti-
mated by liquid scintillation counting. Standard
25(0OH)D,, 24,25(0OH),D; (donated by Dr
M. R. Uskocovic) and 1«,25(0OH), D, and their
tritiated forms were also chromatographed and
the retention times of these markers determined
by u.v. absorption at 265nm and liquid
scintillation counting respectively. Results are
expressed as pmol synthesized/h/incubation
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because the non-adherent cells were hetero-
genous and the adherent macrophages were
difficult to trypsinize for accurate cell counting.
However, approximate cell numbers were esti-
mated using a haemocytometer.

Cell morphology was determined by ex-
pression of non-specific esterase activity
(NSE) [15] and by Jenner~Giemsa staining using
methanol-fixed cytocentrifuge preparations
made with approximately 40,000 cells per slide
or using adherent cells fixed in tissue culture
wells.

Serum calcium concentrations were estimated
by atomic absorption flame spectrophotometry.

RESULTS

Monocyte-macrophage cells that had been
separated from erythrocytes and granulocytes
using lymphocyte separating medium and from
lymphocytes by adherence in tissue wells,
synthesized 1.9 pmol [*H]24,25(0H), D, /h/incu-
bation (representing 0.63 pmol/h/10° cells) from
[*H]25(OH)D; over the first 48 h in culture. The
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Fig. 1. Analysis of [*H]24,25(OH), D, synthesized by adher-
ent monocyte-macrophage cells following a 48 h incubation
period using 3 different HPLC systems. (A) Zorbax-SIL
column developed with hexane, propan-2-ol, methanol
(110:4:4) at 2ml/min. (B) Zorbax-SIL column developed
with dichloromethane and methanol (97:2.5) at 2 ml/min.
(C) Reverse-phase Zorbax—ODS column developed with
methanol and water (85:15) at 2 ml/min. Dashed traces
represent the chromatography of standard tritium labelled
metabolites.
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Fig. 2. Analysis of [*H}1«,25(0OH), D, synthesized by macro-
phages following a 24 h incubation period after | week in
culture, using 3 different HPLC systems. (A) Zorbax-SIL
column developed with hexane, propan-2-ol, methanol
(110:4:4) at 2ml/min. (B) Zorbax-SIL column developed
with dichloromethane and methanol (97:2.5) at 2 ml/min.
(C) Reverse-phase Zorbax—ODS column developed with
methanol and water (85:15) at 2 mi/min. Dashed traces
represent the chromatography of standard tritium labelled
metabolites.

morphology of these adherent monocyte-
macrophages was confirmed by Jenner-Giemsa
staining and by expression of NSE activity. The
identity of the [°’H]24,25(OH),D, synthesized
was confirmed by co-chromatography with
authentic 24,25(OH),D, in 3 different HPLC
systems (Fig. 1). The parallel incubations car-
ried out with non-adherent cells (monocytes and
lymphocytes) synthesized much less [*H]24,
25(0OH), D, (0.92 pmol/h/incubation) represent-
ing 0.13 pmol/h/10° cells. After 1 week in
culture the adherent cells which had developed
the morphology of more mature macrophages
synthesized 1.03 pmol [*H]1«,25(0OH),D,/h/
incubation from the substrate. Again the
identity of the product was confirmed by co-
chromatography with the authentic metabolite
in three HPLC systems (Fig. 2).

The ability of the macrophages (some of
which were multinucleated) to synthesize PH] 1«,
25(0OH),D; (1.15 pmol/h/incubation) was con-
firmed in cells cultured for 4 weeks. A further
experiment using these macrophages after 6
weeks culture, in which the cells were incubated
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Fig. 3. Synthesis of 1e&,25-dihydroxyvitamin D, ((J) and

24,25-dihydroxyvitamin D; (M) by macrophages after 6

weeks in culture and following exposure to 10 nM 1«,25-
dihydroxyvitamin D; over a further 7 days.

with PH]25(OH)D, in the presence of 10 nM
12,25(0OH), D, in a series of 24 h incubations
carried out after 1, 2, 3 and 7 days, demonstrated
that this high concentration of 1«,25(0OH),D,
reduced [’H]1a,25(OH), D, synthesis from 2.25
to 0.04 pmol/h/incubation and induced [*H]24,
25(0H),D; synthesis (0.46 pmol/h/incubation)
(Fig. 3). Although previous studies have demon-
strated that 1a,25(OH), D, can accelerate multi-
nucleation of normal human blood mono-
cytes [16], many of the cells in this study were
already multinucleated after 6 weeks and ex-
posure to 1¢,25(0OH),D,; did not appear to
further increase the proportion of such cells.

Hypercalcaemia in the patient was treated by
administration of APD which reduced the serum
calcium level from 3.8 to 2.4 mM after 3 days,
which is within the normal range (2.2-2.6 mM).
Measurement of serum vitamin D, metabolites
demonstrated that 25(OH)D, levels were
20.9 ng/ml before and 21.7 ng/ml after treat-
ment which were within the normal range
(10-50 ng/ml). However, serum 1«,25(0OH),D,
levels were 5.1 pg/ml before and 4.6 pg/ml after
APD treatment which were markedly below the
normal range (20-50 pg/ml), indicating that the
hypercalcaemia did not result from excess
12,25(0H),D; synthesis. Cells isolated from
blood after 5 days treatment with APD did not
metabolise [’H]25(OH)D, nor did they thrive in
culture.

DISCUSSION

These results demonstrate that blood derived
monocytes and macrophages from a patient with

alveolar rhabdomyosarcoma were able to syn-
thesize 24,25(OH), D, in short-term primary cul-
ture and 12,25(OH), D, after 1, 4 and 6 weeks in
culture. These cells were separated by standard
density gradient centrifugation methods and by
adherence in cell culture, and were characterized
by well established histological methods. The
labelled vitamin D; metabolites produced were
also identified unequivocally.

This study represents the first observation

of 24,25(0H),D, synthesis by monocyte-
macrophage cells following only short-
term culture. However, a previous study

reported that in 3 out of 10 cultures of normal
or sarcoid-activated macrophages, limited
24,25(0OH),D; synthesis was induced by
1-100 nM  1,25(OH),D, after 24 days in
culture [4]. In another study y-INF was used
to stimulate normal macrophages to synthesize
12,25(OH),D,, but after several days 24,
25(0H),D, was the major product([9]. This
change in 25(OH)D; metabolism was believed to
be induced by an intracellular action of
12,25(0OH),D; on the two hydroxylases or the
genes that regulate them.

Several previous studies have demonstrated
that disease activated human macrophages ex-
pressed only 25(OH)Ds-14-hydroxylase activity
after either 24 h short-term culture[5, 6] or
2-7 day long-term culture[3-7]. Similarly,
cultured blood-, alveolar- or bone marrow-
derived normal macrophages, which synthesized
small amounts of 1¢,25(OH),D,, significantly
increased synthesis following exposure to y-
INF [4,8,9], LPS[4,10] or TNF-«[11], syn-
thesis which was partially inhibited by
1,25(0OH), D, [4]. In this respect only the macro-
phages maintained in long-term culture in this
study behaved in a similar manner to normal or
disease activated macrophages and synthesized
12,25(0OH),D;. Furthermore, it took several
days for a high concentration of 1,25(0OH), D, to
inhibit 25(OH)D;-1a-hydroxylase activity and
induce 25(OH)D,-24-hydroxylase activity.

Alveolar rhabdomyosarcomas are tumours of
soft tissues of viscera which are often difficult to
diagnose and may metastasise to the breasts,
ovaries or bone marrow or present with the
characteristics of leukaemia {17, 18]. Hypercal-
caemia is seen in a small proportion of these
patients and usually occurs in association with
bone metastases [19). The patient in the present
case had bone involvement, was hypercalcaemic
and had low serum levels of 12,25(OH),D,
although the concentration of the precursor
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25(OH)D; was normal. Thus the hypercal-
caemia was not caused by raised 1a,25(0OH),D;;
indeed, it is more likely that renal synthesis of
12,25(0OH),D; was suppressed by the raised
calcium. However, serum 1o,25(0OH),D, levels
did not increase following correction of the
hypercalcaemia, suggesting other mechanisms
for reduced synthesis. The hypercalcaemia itself
was controlled with APD which inhibits os-
teoclastic bone resorption [20-22] indicating
that the raised calcium arose from this source.
It is possible that the increased bone resorption
was caused by parathyroid hormone-related
peptide(s) (PTHrP) which are secreted in a
humoral fashion by many tumors and are
known to induce bone resorption {23], although
this has not yet been demonstrated for alveolar
rhabdomyosarcomas. The APD also appeared
to reduce the ability of blood derived cells to
thrive in culture indicating that the APD may
have affected the development of monocyte
precursors.

Overall, the data suggest that monocytes or
immature macrophages can express 25(OH)D,-
24-hydroxylase activity in vitro before they
differentiate into cells that express 25(OH)D;-
la-hydroxylase activity. The significance of
the initial ability of the cells to synthesize
24,25(0OH),D; is not clear since the biological
function of this metabolite is unknown.
However, expression of this enzyme often
correlates with expression of receptors for
12,25(0OH), D, [2], although this was likely it was
not tested. In the human promyelomonocytic
leukaemia cell-line (HL60) which does express
receptors, 1-100 nM 1¢,25(0OH), D, induces ex-
pression of the 25(OH)D,-24-hydroxylase [24],
which may form 1¢,24,25(0OH), D, and represent
the initial step in the metabolic inactivation of
12,25(0OH), D; to calcitroic acid [25]. In the pre-
sent case 1a,25(OH),D, is unlikely to be the
primary stimulus for expression of 25(OH)D;-
24-hydroxylase by the monocyte-macrophage
cells since the patient had serum 1a,25(OH),D,
levels of 4-5 pg/ml (0.01 nM) which are prob-
ably too low to induce this activity. However,
the ability of the «cells to synthesize
24,25(0OH),D; must have been related in some
way to the rhabdomyosarcoma or to the hyper-
calcaemia, since macrophages from patients
with other disorders like arthritis[6] or a
history of peritonitis [5] did not synthesize this
metabolite after short-term primary culture.
The induction of 25(OH)D,-1«-hydroxylase ac-
ivity following culture was probably a function
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of increased maturity and activation of the
macrophages which were characterised by in-
creased size, multinucleation and expression
of non-specific esterase activity. Although
12,25(0OH), D, inhibited its own synthesis and
induced that of 24,25(0OH),D;, this effect
was observed with a high concentration of
1,25(0H), D, (10 nM) and was relatively slow in
onset.
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