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Abstract

19-Nor-1o,25-dihydroxyvitamin B (paricalcitol) is an analogue of 1,25(0H)s with reduced calcemic effects that is approved in the
United States for the suppression of parathyroid hormone in chronic renal failure. Paricalcitol has anticancer activity in prostate cancer
cells. We tested the effects of paricalcitol on the HL-60 leukemia cells, studying cellular differentiation, cell cycle changes, apoptosis and
cellular proliferation. Paricalcitol at 1 M concentration induced the maturation of HL-60 cells in a time-dependent manner, as shown
by increased expression of CD11b differentiation surface antigen. The ability of HL-60 cells to reduce nitroblue tetrazolium (NBT) was
markedly increased after exposure to paricalcitol at®a for 72 h. Paricalcitol inhibited colony formation of HL-60 cells in a soft agar
semisolid media after 10-day incubation (estimateghl6f 5 x 10~° M. Exposure to 108 M paricalcitol for 72 h increased the number
of cells in G/G; phase, and decreased the number of cells in S phase, and significantly increased the number of HL-60 cells undergoing
apoptosis. The concentration required to achieve inhibition of growth of HL-60 cells is comparable to clinically achievable levels. These
findings support the clinical evaluation of paricalcitol as an antileukemia agent.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction 1,25(0OHYD3 are mediated by regulation of cell cycle pro-
gressiorn7]. The antiproliferative and differentiating effects

19-Nor-Io,25-dihydroxyvitamin B (paricalcitol, Zem- of calcitriol suggest a therapeutic role for the drug in hema-
plar, Abbott Laboratories, Chicago, IL) is an analogue of tological malignancies but the problem of hypercalcemia
1,25(0OH}D3 (calcitriol) that is approved in the United has been dose-limitin—10]
States for the treatment of secondary hyperparathyroidism We examined the in vitro effect of paricalcitol on cell ma-
in chronic renal failureKig. 1) [1]. turation, inhibition of colony formation, cell cycle arrest,
Paricalcitol is approximately three times less calcemic and apoptosis in the myeloid leukemia cell line, HL-60.
than calcitriol in humang2], and is as potent as calcitriol in
suppressing parathormone secretion in patients on hemodial-
ysis[3]. In addition, paricalcitol has been shown to inhibit 5 Methods
the proliferation of LNCaP prostate cancer cells, of pri-
mary prostate cell culturdd], NIH-929 myeloma cells, and
SW837 colon cancer cel[§].

1,25(0OHYD3 inhibits the proliferation and induces
the differentiation of normal and leukemic myeloid cells
into monocytes [6]. The growth-inhibitory effects of

2.1. Cells and compounds

HL-60 were obtained from the American Type Culture
Collection (Rockville, MD) and were maintained in RPMI
1640 with 10% fetal calf serum and 100 U/ml penicillin,

I o ) 100pg/ml streptomycin in a 37C incubator containing
* Presented at the 12th Workshop on Vitamin D (Maastricht, The

Netherlands, 6-10 July 2003).
* Corresponding author. Tek:1-336-716-7446; faxi}1-336-716-5687.
E-mail address. gschwart@wfubmc.edu (G.G. Schwartz).

0960-0760/$ — see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.jsbmb.2004.03.064

5% CQ. Paricalcitol was provided by Abbott Laboratories,
Chicago, IL, 1,25(OHyD3 (calcitriol) was purchased from
Biomol Research Labs.
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Fig. 1. Chemical structure of 19-norx25(OH) Vitamin D, (paricalcitol) and &,25(OH) Vitamin D3 (calcitriol).

2.2. Flow cytometry analysis of maturation antigens tospin slides were made for each condition and the slides
were stained with Wright stain (Sigma, St. Louis, MO). A

For analysis of cellular differentiation, expression of cell minimum of 100 cells was counted and the percentage of

surface antigens was determined using immunofluorescencéNBT-positive cells was assessed under light microscopy for

staining. Cells were incubated with paricalcitol at-$o each experimental point.

final concentration for 1, 2, 4, 24 and 72h in a 24-well

tissue culture plate (Costar, Corning Inc., Corning, NY) in 2 4. Apoptosis analysis

RPMI-1640 supplemented with 10% FBS, 100 U/ml peni-

cillin, and 100wg/ml streptomycin in a humidified atmo- Annexin V (human) (recombinant) FITC labeled was

sphere, 5% C@at 37°C. Control cells were incubated for seq tg detect apoptotic cells. Briefly, cells were washed in

72 h with vehicle added. After drug exposure, cells were PBS, resuspended in a binding buffer (10 mM Hepes/NaOH,
harvested, washed twice and resuspended in fresh media fobH 7.4, 140mM NaCl, 25mM Cag), incubated with

additional incubation for a total of 72 h (including the time 5 naxin-FITC for 10 min in the dark. and propidium iodide
of drug exposure). After harvesting, the cells were incubated ;55 added prior to two-color flow cytometry analysis. Sta-

for 10 min with bovine serum albumin as a blocking agent yistical differences between groups were analyzed-test
and then stained using R-phycoerythrin (RPE)-conjugated ¢, independent samples.

mouse anti-human CD11b (DAKO, Carpinteria, CA). Con-

trol studies were performed with mouse RPE-conjugated ,
IgG; isotype antibodies (DAKO, Carpinteria, CA). Cells 2 Cell cycle analysis
were analyzed using a FACSTAR Plus flow cytometer (Bec-

ton Dickinson). Cell cycle analysis was performed on HL-60 cells treated
with paricalcitol for 72h. 1x 1P cells were harvested,
2.3. Analysis of differentiation washed twice with PBS, and stained with propidium iodide

50 and 37.g/ml RNase, and 0.6% NP40 in a 3.6 mM citrate
buffer. Cell cycle analysis was performed from the list mode
data of the FACSTAR plus flow cytometer using a mod-
eling program (MODFITM Verity Software House). The
results were analyzed by multivariate analysis of variance
(ANOVA).

Differentiated HL-60 cells produce superoxide anions
(O~ 2) when stimulated with 12-O-tetra-decanoyl-phorbol-
acetate (TPA). After 4-day incubation,x110° cells were
harvested. Half of the cell suspension was used to make
cytospin slides for morphological assessment and compar-
ison to the NBT exposed cells. The other half was mixed
1:1 with a solution of Dulbecco’s phosphate buffered saline 2.6. Colony formation in agar
(DPBS) containing reagents to achieve a final concentration
of nitroblue tetrazolium (NBT) (Sigma, St. Louis, MO) HL-60 cells were seeded in a two-layer soft agar sys-
0.5mg/ml, 12-O-tetradecanoylphorbol-13-acetate (TPA) tem. The lower layer consisted of 0.6% agar (Seaplaque
(Sigma) 162nM, FBS 10% and.®x 10° cells/ml. After agarose, FMC Bioproducts, Rockland, ME) in which the test
25min in humidified air at 37C in a CGQ (5%) incubator, substances were mixed; the upper layer was 0.3% agar in
the reaction was stopped by placing the tubes on ice. Cy-which 1 HL-60 cells were suspended. The underlayer was
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plated in tissue culture grade 35 mm Petri dish in a volume sure of the HL-60 cells to paricalcitol at 1®M for 1, 2, 4,

of 1 ml RPMI-1640 (GIBCO, BRL Grand Island, NY) con- 24, and 72 h produced a time-dependent increase in the ex-
taining 10% FBS (Sigma, St. Louis, MO), 100 U/ml peni- pression of this maturation antigen. This maturation effect
cillin, 200 wg/ml streptomycin, 0.6% agar, 0.1% ETOH and requires prolonged drug exposure, and the cells reached the
test substance in a final concentration ranging from’10 maximum observed maturation after 24 h expos#ig. (2.

to 10° M. All experiments using triplicates were incubated Differentiated HL-60 cells, similarly to normal monocytes

in a humidified atmosphere, 5% G@t 37°C for 10 days. are able to produce superoxide and reduce nitroblue tetra-
Colonies (>40 cells) were scored with an inverted micro- zolium. After 72 h treatment of HL-60 cells with paricalcitol
scope. at 102, 1078 and 107 M, the percentage of cells able to

reduce NBT rose from 5.5 to 31, 83 and 93%, showing a
concentration-dependent maturation effect.

3. Results
3.2. Effect of paricalcitol on induction of apoptosis on
3.1. Effect of paricalcitol on maturation of HL-60 HL-60
CD11b, one of thd2-integrins, is thex subunit of a het- Annexin V has high affinity for the membrane phospho-

erodimeric surface glycoprotein with a role in inflammatory lipid phosphatidylserine (PS), which is translocated from
and phagocytic responses. CD11b is expressed mainly onthe inner to the outer leaflet of the plasma membrane in
mature monocytes, macrophages, most polymorphonuclearapoptotic cells. Propidium iodide (PI) is used as a viabil-
leukocytes, and on a minor subset of B-lymphocytes. Expo- ity probe. Cells staining positive for annexin V-FITC and
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Fig. 2. Expression of CD11b antigen on HL-60 cells after exposure to 19ea@5(0H) Vitamin D, (paricalcitol) for a defined time. Cells were
incubated with 108 M paricalcitol in a liquid culture the resuspended in fresh drug-free media for a total of 72h. Flow cytometry analysis for the
expression of CD11b surface antigen was performed using R-phycoerythrin (RPE)-conjugated mouse anti-human CD11b monoclonal antibody.
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Fig. 3. Colony inhibition of HL-60 cells paricalcitol and calcitriol. Leukemic cells were cultured in triplicate in a soft agar semisolid medidoaies co
(=40 cells) were counted after 10 days. The results are expressed as percentage of colonies of control.
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Fig. 4. Cell cycle distribution in HL-60 cells after treatment with 19-na;25(OH) Vitamin D, (paricalcitol).

negative for Pl are undergoing apoptosis. Paricalcitol signif- citol induced a decrease in the number of cells in S-phase
icantly increased the percentage of cells undergoing apopto-and a simultaneous increase of cells in thg& phase
sis in HL-60 cells P < 0.05). After 60 h of incubationina (P = 0.001) after 72 h exposuré-ig. 4).
liquid media at 168 M concentration the number of apop-
totic cells was 21% compared to 11.5% of the controls.
4. Discussion
3.3. Inhibition of colony formation
Although calcitriol can inhibit the proliferation of

Paricalcitol inhibited colony formation of HL-60 cells |eukemia cells in vitrpsupraphysiological levels are needed
in semisolid media after a 10-day incubation. This inhibi- (1078 to 10-7 M) [12]. These levels are difficult to achieve
tion was concentration-dependent. For paricalcitol, the esti- in vivo without hypercalcemia. Intermittent administration

mated 50% inhibitory concentration @g) was 5<10-9M of calcitriol leads to better tolerance and higher serum peak
for HL-60 cells Fig. 3J). levels. Smith et al. gave subcutaneous calcitriol every other

day to cancer patients in a Phase | trial. The peak concen-
3.4. Analysis of cell cycle tration of calcitriol was found to be.07 + 0.09 x 10°9M

[13]. Beer et al. have shown that weekly administration of
Calcitriol causes a decrease in HL-60 in S phase and anoral calcitriol permitted substantial dose escalation, but the
increase in cells in the 85, phasg11]. Similarly, parical- serum peak levels of calcitriol still remained lower than
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the levels needed in vitro to inhibit leukemia cell growth [4] T.C. Chen, G.G. Schwartz, K.L. Burnstein, B.L. Lokeshwar, M.F.
g
(3.9 x 10°M [14)). Holick, The in vitro evaluation of 25-hydroxyvitamingband 19-nor-
In patients with chronic renal failure the peak concentra- lalpha, 25-dihydroxyvitamin P as therapeutic agents for prostate

. . . 9 . ) cancer, Clin Cancer Res. 6 (3) (2000) 901-908.
tion of paricalcitol was 4 =+ 1.6 x 107" M after an intra [5] T. Kumagai, J. O’Kelly, H.P. Koeffler, A novel, less-calcemic vitamin

venous dose of 0.24g/kg [15]. This dose does not result in D3 analog, 19-nor-lalpha, 25(0OH)2paricalcitol) has a antitumor
hypercalcemia in most patients and it is the currently recom- effect against myeloid leukemia, myeloma and colon cancer cells by
mended maximum dose in the treatment of secondary hy- modulating the cell cycle, Different. Apoptosis Blood 100 (11, Part
perparathyroidism. No pharmacokinetic data available with 1) (2002) 2132.

. . . L . [6] D.M. McCarthy, J.F. San Miguel, H.C. Freake, P.M. Green, H.
higher doses of paricalcitol but it is likely that higher plasma Zola, D. Catovsky, J.M. Goldman, 1,25-Dihydroxyvitamig Bhibits

levels can be reached with further dose' escglation. _ proliferation of human promyelocytic leukemia (HL-60) cells and
In this study, we have shown that paricalcitol exerts anti- induces monocyte-macrophage differentiation in HL-60 and normal
proliferative, apoptotic and differentiating effect of HL-60 bone marrow cells, Leukemia Res. 7 (1983) 51-55.

leukemia cells in vitro The concentrations required to [7] Q.M. Wang, J.B. Jones, G.P. Studzinski, Cyclin-dependent kinase
inhibitor p27 as a mediator of the G1-S phase block induced by

. - . 9 8 .
achieve these biological effects (5107~ to 107°M) in 1,25-dihydroxyvitamin B in HL60 cells, Cancer Res. 56 (2) (1996)
vitro can be achieved with intravenous administration of 264-267.
paricalcitol with minimal toxicity. Whether these biological  [8] H.P. Koeffler, K. Hirji, L. Itri, S.L. Group, 1,25-Dihydroxyvitamin

effects observed in vitro can be reproduced in vivo in hu- D3: in vivo and in vitro effects on human preleukemic and leukemic
man subjects with myeloid malignancies warrants clinical cells, Cancer Treatment Reports 69 (12) (1985) 1399-1407.
. . . [9] A.B. Mehta, T.O. Kumaran, G.W. Marsh, D.M. McCarthy, Treatment
investigation. of advanced myelodysplastic syndrome with alfacalcidol, Lancet 2
(1984) 761.
[10] C. Richard, E. Mazo, M.A. Cuadrado, A. Iriondo, M.A. Bello, M.A.
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