Available online at www.sciencedirect.com
The Journal of

SCIENCE @ DIRECT® Steroid Biochemistry
&
Svslies Molecular Biology
ELSEVIER Journal of Steroid Biochemistry & Molecular Biology 89-90 (2004) 419-425

www.elsevier.com/locate/jsbmb

Calcium as a mediator of 1,25-dihydroxyvitamin-idduced apoptosis
I.N. SergeeV

Department of Chemistry and Biochemistry, South Dakota State University, P.O. Box 2202, SH 212, Brookings, SD 57007, USA

Abstract

Cellular calcium has been implicated in induction of apoptosis. We have shown that 1,2B{2H)luced apoptosis is associated
with a sustained increase in concentration of intracellul&Q§Ca?*];) resulting from depletion of the endoplasmic reticulum (ER)
Cat stores and activation of the voltage-insensitivé Cantry pathway [1,25-Dihydroxyvitamin £ intracellular C&t and apoptosis
in breast cancer cells, in: AW. Norman, R. Bouillon, M. Thomasset (Eds.), Vitamin D: Chemistry, Biology and Clinical Applications of
the Steroid Hormone, University of California, Riverside, 1997, pp. 473—474; Vitamin D and intracellular calcium, in: P. Quinn, V. Kagan
(Eds.), Subcellular Biochemistry: Fat-Soluble Vitamins, Plenum Press, New York, 1998, pp. 271-297; 1,25-Dihydroxyvitamih D
calcium signaling, in: A.W. Norman, R. Bouillon, M. Thomasset (Eds.), Vitamin D Endocrine System: Structural, Biological, Genetic and
Clinical Aspects, University of California, Riverside, 2000, pp. 715-718; 1,25-Dihydroxyvitamtriggjers calcium-mediated apoptosis
in breast cancer cells, in: A.\W. Norman, R. Bouillon, M. Thomasset (Eds.), Vitamin D Endocrine System: Structural, Biological, Genetic and
Clinical Aspects, University of California, Riverside, 2000, pp. 399—-402; Endocrine 9 (1998) 321]. This study was undertaken to investigate
mechanism of 1,25(OHD3-induced apoptosis in breast cancer cells and compare effects of the hormorfd @n@apoptosis in cancer
and normal human mammary epithelial cells. The treatment of MCF-7 breast cancer cells with 1 2% @d)ced a sustained increase
in [Ca2*]; and activated the Gd-dependent proapoptotic proteasgsgalpain and caspase-12, as evaluated with antibodies to active
(cleaved) forms of the enzymes and the calpain substrate. The selective inhibitiofdfiGding sites of.-calpain decreased apoptotic
indices in the 1,25(0OHP3-treated cells. 1,25(0OHP3 did not induce apoptosis in normal human mammary epithelial cells (HMECS),
as evaluated by DNA fragmentation (TUNEL), loss of the plasma membrane asymmetry (Annexin V assay) and morphological criteria.
In these cells, 1,25(OHIP; triggered a transient G4 response, which was not accompanied by the calpain and caspase activation.
HMEC, but not MCF-7 cells expressed the?Cdinding protein calbindin-Bsx and buffered C& increases induced by a &aionophore
ionomycin. In conclusion, we have identified the novel apoptotic pathway in breast carcinoma cells treated with 2R25(IDEtease
in [Ca®*]; — p-calpain activation—~ caspase-12 activatios- apoptosis. Our findings also imply that differences of Ceegulatory
mechanisms in breast cancer versus normal mammary epithelial cells underlay resistance of normal cells and susceptibility of cancer cells
to 1,25(0OH)Ds-induced C&+-mediated apoptosis.
© 2004 Elsevier Ltd. All rights reserved.
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Dysregulation of apoptosis underlies pathophysiology of naling pathways. WE—-10] and othergl1—-13]have shown
proliferative disordergl]. A decrease in apoptotic cell death that early and late increases in concentration of intracelluar
contributes to mammary tumorigenesis and increased riskCa* ([Ca2t];) occur in apoptosis. The critical characteris-
for breast cancer in humafig,3]. A family of intracellular tic of the apoptotic C& signal is a sustained increase in
cysteine proteases, the caspases, is believed to be responsib]€a®*];, reaching elevated, but not cytotoxic levérs-9].
for most biochemical and morphological alterations during Although there is little doubt that such an increase ir{Qa
apoptosis, although the additional or alternative apoptosistriggers cell death via apoptosis, mechanisms of action of
initiation and execution pathways have been demonstratedcellular C&* in apoptotic pathways are not understood and,
(e.g. mitochondrion- or calpain-mediated apoptogisj]. particularly, the apoptosis-related&aargets have not been

Calcium, a key cellular regulator, has been implicated in identified. Caspases and €adependent neutral proteases,
induction of apoptosis and regulation of the apoptosis sig- the calpains, are considered as possible taigebs7]. In-

terestingly, oncoproteins in apoptosis-resistant cancer cells
e o _ may function by preventing increases in fc4, e.g. Bcl-2
* Presented at the 12th Workshop on Vitamin D (Maastricht, The S ] I
Netherlands, 6-10 July 2003). protein inhibits release of €& from the endoplasmic retic-
* Corresponding author. Tek:1-605-688-5465; faxs-1-605-688-6364.  Ulum (ER) store§14]. On the other hand, G4 release from
E-mail addressigor_sergeev@sdstate.edu (I.N. Sergeev). the ER stores activates caspasdl5] via C&+-dependent
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calpain[16,25] Suppression of apoptosis by the’Caind- was calibrated in situ at the end of experiments. Image anal-
ing protein calbindin-Bgk via inhibition of the caspase-3 ysis was performed using MetaFluor 5.0 software (Universal
activity has been also sugges{dd]. Imaging).

Interaction of the C& signal with intracellular C& The following treatments were used to evaluate the

buffers may play a particularly significant role in the apop- C&*t control mechanismg2]: C&* ionophore ionomycin
totic procesg7,11]. An important element of the cytoso- (1wM); mobilizer of the ER C&" stores thapsigargin
lic Ca?* buffering system is the vitamin D-dependenf€a (1 puM); depolarization of plasma membrane with KCI
binding protein calbindin-Rsx. We[18] and other$19] have (50 mM); agonist of voltage-dependent&achannels Bay
shown that elevated levels of calbindindR dramatically K8644 (5uM). To evaluate C& release from the ER,
increase the cytosolic & buffering capacity. Remarkably, thapsigargin (J.M) was added to cells after recording the
increased CH buffering due to enforced expression of basal [C&"]; for 1-3 min, and peak values of the [&3;
calbindin-Dygk protect cancer cells against €amediated increase were measured. To measure thé&Mentry rate
apoptosigs]. as a reporter of indirect G4 influx [21], the images were

We [5,6,9,10] and others[20,21] have demonstrated recorded at excitation of 360 nm (the fura-2 isosbestic point)
that 1,25(OH)D3 induces apoptosis in breast cancer and emission of 510 nm. After recording the basal level of
cells. Recently, we have also shown that apoptosis in- the fluorescence intensity, Mh was added to the final con-
duced by 1,25(0OHPs in these cells is associated with centration of 2mM. The rates of €aentry were estimated
the C&*-dependent calpain activatigb]. This study was  from the slope of the Mt quench curves. Cytosolic €a

undertaken to compare 1,25(QGiBg-induced C&' sig- buffering capacity was evaluated by measuring the maxi-
naling and apoptosis in human breast cancer and normalmum of [C&"]; rises after exposure to ionomycin in the
cell. The hypothesis was that mechanisms of'Cantry, presence of a lowered concentration of extracellula#*Ca

C&* mobilization and/or C& buffering are different in [18]. Cells were placed in a nominally €&afree buffer
breast cancer and normal cells and that these differencedi.e. without CaC} plus 0.1 mM EGTA), and immediately
underlay the cell's susceptibility to 1,25(OHDs-induced then 0.5.M ionomycin and 0.5 mM C& were added.
C&t-mediated apoptosis.
1.3. Caspase and calpain activity and immunofluorescence
labeling
1. Materials and methods
Caspase activity was detected in living cells with the
1.1. Cells fluorochrome-labeled pan-caspase inhibitor FAM-VAD—
FMK (Intergen), which binds to active caspases. The in-
The normal human mammary epithelial cells (HMECs) hibitor was used at concentration AM; loading time was
(Clonetics) and the human breast carcinoma cell line MCF-7 1 h, Calpain activation in the cells was evaluated using
(ATTC) were used in this study. MCF-7 cells were cultured the cell-permeable fluorogenic substrate t-BOC—Leu—Met—
in RPMI-1640 medium supplemented with 5% fetal calf CMAC (Molecular Probes) at concentration of B!
serum at 37C in a humidified atmosphere of 5% G@n [23].
air. HMEC were maintained in Mammary Epithelial Growth Monoclonal antibodies directed against caspase-12 (a
Medium (Clonetics) under the same conditions, as MCF-7 gift from Dr. J. Yuan) and thgu-calpain large and small

cells. subunits (Chemicon) were used to evaluate activation of
these proteases. A calpain inhibitor, selectively interacting
1.2. Intracellular calcium with the C&* binding sites ofu-calpain, was PD 151746

(10uM) (Calbiochem). Calbindin-Bsx was detected with

Concentration of intracellular free &a ([Ca2t];) was monoclonal anti-calbindin-g3x antibodies (Sigma). For im-
measured using & indicator fura-2, as described previ- munofluorescence labeling, the fixed and permeabilized cell
ously [8,22]. Cells grown on coverslips were loaded with preparations were pre-incubated with non-specific serum for
1M fura-2/AM in Dulbecco’s PBS (D-PBS) supplemented 20 min, incubated for 1 h at 3T or overnight at 4C with
with 0.1% dimethylsulfoxide and 0.01% Pluronic F-127 the primary antibodies and 1h at room temperature with
for 40min at 37C. The dynamics of intracellular €& secondary antibodies (Alexa Fluor-488 signal-amplification
was assessed with cells in the microincubation chambermouse antibodies (Molecular Probes) and FITC- or Texas
(37.0 £ 0.2°C) on a Nikon Eclipse TE-300 inverted mi- Red-conjugated AffiniPure anti-rat and anti-mouse IgG
croscope equipped for epifluorescence, ratiometric, digital (Jackson ImmunoResearch). Fluorescence microscopy was
imaging. The images were captured using SuperFluer 40 carried out as described for &aimaging. Image analysis
or 100x oil-immersion objectives and CoolSnapFX digital and measurement of fluorescence intensity was performed
CCD camera (Photometrics), ratioed (340/380 nm excita- using MetaMorph 5.0 software (Universal Imaging), as we
tion, 510 nm emission) on a pixel-by-pixel basis, and stored described24]. In some experiments, fluorescence of cells
for analysis. The fluorescence signal of intracellula®Ca  grown in the 96-well microplates and loaded with fluores-
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cent probes was measured in the FLx800 reader with KC rescent dye-staining was used in concert with TUNEL and

software (Bio-Teck). Annexin V assays to specify of onset of nuclear fragmenta-
tion (Hoechst 33258) and disruption of plasma membrane

1.4. Apoptosis (YOPRO-1 labeling and propidium iodide uptake).

Apoptosis was measured by DNA fragmentation and
membrane changes. Treatment of cells with 1,25 (100 nM), 2. Results
ionomycin (500 nM) or thapsigargin (100 nM) was used to
evaluate the role of increased &4 in apoptosis. The
DNA fragmentation was measured with terminal deoxynu-
cleotidyl transferase and BrdUTP (APO-BrdU TUNEL As- [C&?*]; was measured in HMEC and MCF-7 cells treated
say Kit; Molecular Probes). Annexin V assay (Alexa Fluor with 1,25(OH)»D3 (100 nM) for 1, 3 or 6 days. 1,25(Oblp3
488 Annexin V; Molecular Probes) was used for detec- induced a sustained increase in f€h in MCF-7 cells
tion of the apoptotic plasma membrane (phosphatidylserine (Fig. 1A). In HMEC, 1,25(0OH)D3 triggered a transient
translocation). Utilization of the two techniques permits C&* response, but failed to induce a sustained increase in
detection of the late- and early-stage apoptotic cells. Fluo- [C&*]; (Fig. 1B). Both MCF-7 cells and HMEC expressed

2.1. Intracellular C&*
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Fig. 1. Rapid and chronic effects of 1,25(@QB) on [C&t]; and C&" entry pathways in HMEC and MCF-7 cells. Cells were treated and'[Ga
was measured as describedSaction 1 On panels B—F, the traces represent responses of individual cells. Panels B, D and F: HMEC; panels C and E:
MCF-7 cells.
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Fig. 2. C&" buffering, C&t mobilization, calpain and caspase activation, and apoptosis in HMEC and MCF-7 céitsb@fering and C&" mobilization
are shown as the maximum [&4; rises after addition of ionomycin or thapsigargin, respectively. Calpain and caspase activation and apoptosis were
measured at day 6 and expressed as percentage of fluorescently labeled cells or relative fluorescence intensity (arbitrary fluorescence ctinisy. See Se

1 and 2 for additional explanations. Note that mobilizer of the ERtGaores thapsigargin, which also causes the ER stress, induced significant apoptosis
in HMEC. Black bars: MCF-7 cells; gray bars: HMEC.

the voltage-insensitive & entry pathway, but its perme-  significant differences in Ga entry and C&" buffering be-
ability was four-fold lower in HMEC Fig. 1C and D. The tween normal and cancer human mammary epithelial cells.
voltage-dependent a entry was evident in HMEC, but not

in MCF-7 cells Fig. 1E and F. Cytosolic C&* buffering 2.2. Calpain and caspase-12

capacity, as evaluated with ionomycin, was 2.2-fold larger in

HMEC than in MCF-7 cellsKig. 2A). The C&* mobiliza- A sustained increase in [€8]; in MCF-7 cells treated
tion response was 1.4-fold lower in HMEC than in MCF-7 with 1,25(OH»D3 was accompanied by activation of
cells (seeFig. 2A), which may also indicate differences in the C&t-dependent apoptotic proteasgscalpain and
the C&*-buffering capacity. HMEC expressed the cytosolic caspase-12. The €a-dependent calpain activation was
Cc&™* binding/buffering protein calbindin B, which was demonstrated by the its cleavage (e.g. presence in cells of
absent in MCF-7 cells (not shown). These findings indicate the calpain small subunit) and by cleavage of the fluorogenic
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peptide calpain substratéigs. 2B and 3B Importantly, (Fig. 3A), but not in HMEC (not shown). However,
calpain activation by 1,25(OHIP3 was significantly lower 1,25(0OHYD3-dependent caspase activation (as evaluated
in HMEC than in MCF-7 cells (se€ig. 2B). Caspase-12  with the pan-caspase inhibitor binding to active caspases)
was expressed in the 1,25(QiB)-treated MCF-7 cells  was undetectable in MCF-7 cells and HMER. 2C). The

Fig. 3. Immunofluorescence detection of caspase-12, calpain, DNA fragmentation, and apoptosis in MCF-7 cells. Panel A: fluorescent (upper row) and
light (lower row) images of caspase-12 in cells treated with vehicle, 1,254 }Yhapsigargin, or ionomycin (left-to-right). Panel B: fluorescent and light
images of the calpain small subunit in cells treated with 1,25¢Dgl) thapsigargin, or inomycin (left-to-right). The calpain cleavage was undetectable in
control cells (not shown). Panel C: fluorescent and light images of the TUNEL-labeled MCF-7 cells treated with vehicle, 225@Hhapsigargin
(left-to-right). Panel D: the single apoptotic nucleus of a 1,25(DH)treated MCF-7 cell labeled for fragmented (TUNEL) and total (propidium iodide)

DNA. Areas of fragmented DNA are seen as more transparent on this B/W image.
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1,25(0OH}Dz-induced calpain activation in MCF-7 cells [Ca®*]; — p-calpain activation— caspase-12 activation
followed the time-course of the [4]; increase and co- — apoptosis. This mechanism cannot be activated by
incide with the onset of apoptosiEi@. 2D; compare with 1,25(0OHY»D3 in normal breast cells, because they, appar-
Fig. 1A). These results imply that 1,25(0OH)3 induces ently, are protected from the €amediated apoptosis via
the Ca&t-dependent calpain activation in breast cancer adequate buffering of Ga& increases and limited perme-
cells. Caspase-12 activation in 1,25(QH}-treated MCF-7 ability of the C&* entry pathway.

cells was evident with anti-caspase-12 antibodies. Specific

caspase-12 substrate or inhibitor are not available and, there-

fore, the protease’s activity cannot be measured directly.  Acknowledgements
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) . ] ] and Dr. J. Yuan from Harvard Medical School for a gift of
A sustained increase in [€8]; in 1,25(OH)Ds-treated caspase-12 antibodies.

MCF-7 cells was accompanied by induction of apoptosis

(as evaluated by DNA fragmentation and the plasma mem-
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