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Abstract

Methoxsalen is a natural compound found in many seed plants.  The effect of methoxsalen on Ca2+- 
related physiology in human osteosarcoma is unclear.  This study investigated the effect of methoxsalen  
on cytosolic free Ca2+ concentrations ([Ca2+]i) in MG63 human osteosarcoma cells.  Methoxsalen induced  
[Ca2+]i rises concentration-dependently.  Methoxsalen-induced Ca2+ entry was confirmed by Mn2+-induced  
quench of fura-2 fluorescence.  This Ca2+ entry was suppressed by nifedipine, econazole, and SKF96365.   
In Ca2+-free medium, incubation with the endoplasmic reticulum Ca2+ pump inhibitor 2,5-di-tert- 
butylhydroquinone (BHQ) inhibited methoxsalen-evoked [Ca2+]i rises by 96%.  In contrast, incubation  
with methoxsalen abolished BHQ-evoked [Ca2+]i rises.  Inhibition of phospholipase C (PLC) with U73122  
abolished methoxsalen-induced [Ca2+]i rises.  Methoxsalen was cytotoxic at 300-700 μM in a concentration- 
dependent fashion.  Chelating cytosolic Ca2+ with 1,2-bis(2-aminophenoxy)ethane-N,N,N’,N’-tetraacetic  
acid/acetoxymethyl ester (BAPTA/AM) did not prevent methoxsalen-induced cytotoxicity.  
Collectively, our data suggest that in MG63 cells, methoxsalen induced [Ca2+]i rises by evoking PLC-
dependent Ca2+ release from the endoplasmic reticulum, and Ca2+ entry via store-operated Ca2+ 
entry.  Methoxsalen also induced Ca2+-disassociated cell death.
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Introduction

Methoxsalen (also called 8-methoxypsoralen  
or xanthotoxin) is a natural photoactive compound 
found in diverse seed plants.  Chemically, methoxsalen  

belongs to a class of organic natural molecules  
known as furanocoumarins (10, 33).  Many epidermal  
proliferative diseases can be treated by methoxsalen 
plus long wave ultraviolet A (UVA) (33).  Methox-
salen is used to treat psoriasis, eczema, vitiligo, and 



 Effect of Methoxsalen on Osteosarcoma Cells 175

some cutaneous lymphomas in conjunction with 
exposing the skin to UVA light (33).  Methoxsalen 
has been shown to exert different physiological ef-
fects on some models.  In vivo, previous studies 
have shown that methoxsalen altered oogenesis (12) 
and acted as a cytochrome P450 2A5/6 inhibitor 
(1) in mice, inhibited cytochrome P450 2A13 in the 
human lung (43), and stimulated chloride secre-
tion in the mouse jejunum (17).  In cultured cells, 
methoxsalen induced cytotoxicity through apoptosis 
in HepG2 human hepatoma cells (30), human lym-
phocytes (37, 44), and NCTC-2544/HaCaT human  
keratinocytes (21, 42).  Furthermore, methoxsalen caused  
cell cycle arrest in Karpas 299 human T-lymphoma 
cells (3), inhibited angiogenesis in dermal-derived 
normal human microvascular endothelial cells (HM-
VEC-d) (9), and upregulated levels of caspase-9 in  
Jurkat T leukemia cells (27).  However, the effect of  
methoxsalen on Ca2+ homeostasis has not been ex-
plored in human osteosarcoma.

An elevation in cytosolic free Ca2+ concentra-
tions ([Ca2+]i) is a pivotal messenger for numerous 
cellular processes including gene expression, fertil-
ization, channel regulation, secretion, contraction, 
plasticity, proliferation and apoptosis (2, 36).  Cells  
have many mechanisms to tightly regulate [Ca2+]i  
(15, 26).  A [Ca2+]i rise can be due to Ca2+ influx from  
external solution or Ca2+ release from stores (19, 31).   
In osteosarcoma cells, the main Ca2+ influx pathway  
is the store-operated Ca2+ entry, which is triggered by  
depletion of the endoplasmic reticulum Ca2+ stores  
(19, 31).  Activation of phospholipase C (PLC) leads  
to formation of inositol trisphosphate (IP3).  IP3 sub- 
sequently activates the IP3 receptors on the endoplas-
mic reticulum to release the stored Ca2+ (13).  Many  
intracellular molecules can modulate a Ca2+ signal  
such as protein kinase C (PKC) (11), cyclic guanosine  
monophosphate (cGMP) (34) etc.  To examine the 
action of methoxsalen on [Ca2+]i in human osteosar-
coma cells, the MG63 cell was used since it produces  
measurable [Ca2+]i rises when stimulated by different  
chemicals including NPC-14686 (6), sertraline (24), 
and 3,3’-diindolylmethane (25).

To this end, fura-2 was applied as a Ca2+-sensitive  
probe to assess [Ca2+]i.  We have characterized the 
[Ca2+]i rises, established the concentration-response 
relationship, and examined the pathways underlying 
methoxsalen-induced Ca2+ entry and Ca2+ release.   
Furthermore, the cytotoxic effect of methoxsalen and  
its relationship to Ca2+ were also investigated.

Materials and Methods

Chemicals

The chemicals for cell culture were purchased from  

Gibco® (Gaithersburg, MD, USA).  Aminopolycarboxylic  
acid/acetoxy methyl (fura-2/AM) and 1,2-bis(2-
aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid/
acetoxymethyl ester (BAPTA/AM) were purchased 
from Molecular Probes® (Eugene, OR, USA).  The 
other chemicals were purchased from Sigma-Al-
drich® (St. Louis, MO, USA).

Cell Culture

MG63 human osteosarcoma cells purchased from  
Bioresource Collection and Research Center (Taiwan)  
were cultured in minimum essential medium (MEM)  
supplemented with 10% heat-inactivated fetal bovine  
serum, 100 U/ml penicillin and 100 μg/ml strepto-
mycin.

Solutions for [Ca2+]i Measurements

Ca2+-containing medium (pH 7.4) had 140 mM  
NaCl, 5 mM KCl, 1 mM MgCl2, 2 mM CaCl2, 10 mM  
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid  
(HEPES), and 5 mM glucose.  Ca2+-free medium had  
similar chemicals as Ca2+-containing medium except  
that CaCl2 was substituted with 0.3 mM ethylene glycol  
tetraacetic acid (EGTA) and 2 mM MgCl2.  Methox-
salen was dissolved in ethanol as a 2 M stock solu-
tion.  The other chemicals were dissolved in water, 
ethanol or dimethyl sulfoxide (DMSO).  The con-
centration of organic solvents in the experimental 
solutions was below 0.1%, and did not affect basal 
[Ca2+]i or viability.

[Ca2+]i Measurements

The [Ca2+]i was measured as previously de-
scribed (6, 24, 25).  Confluent cells grown on 6 cm 
dishes were trypsinized and made into a suspension  
in culture medium at a concentration of 106/ml.  Cell  
viability was determined by trypan blue exclusion  
(adding 0.2% trypan blue to 0.1 ml cell suspension).   
The viability was greater than 95% after the treat-
ment.  Cells were subsequently loaded with 2 μM 
fura-2/AM for 30 min at 25°C in the same medium.   
After loading, cells were washed with Ca2+-containing  
medium twice and was made into a suspension in Ca2+- 
containing medium at a concentration of 107/ml.  
Fura-2 fluorescence measurements were performed 
in a water-jacketed cuvette (25°C) with continuous 
stirring; the cuvette contained 0.5 million cells sus-
pended in 1 ml of medium.  Fluorescence was mon-
itored with a Shimadzu RF-5301PC spectrofluoro-
photometer immediately after 0.1 ml cell suspension  
was added to 0.9 ml Ca2+-containing or Ca2+-free  
medium, by recording excitation signals at 340 nm and  
380 nm and emission signal at 510 nm at 1 s intervals.   



176 Lu, Chou, Liang, Kuo, Hsu, Wang and Jan

For calibration of [Ca2+]i, after completion of the 
experiments, Triton X-100 (0.1%) and CaCl2 (5 
mM) were added to the cuvette to obtain the maxi-
mal fura-2 fluorescence (6, 16, 24, 25).  The Ca2+ 
chelator EGTA (10 mM) was subsequently added 
to chelate Ca2+ in the cuvette to obtain the minimal  
fura-2 fluorescence.  Control experiments showed that  
cells bathed in a cuvette had a viability of 95% after  
20 min of fluorescence measurements.  [Ca2+]i was 
calculated as previously described (16).

To assess Ca2+ entry, Mn2+ quenching of fura-2  
fluorescence was performed in Ca2+-containing me-
dium containing 50 μM MnCl2.  MnCl2 was added to  
cell suspension in the cuvette 30 sec before fluorescence  
recoding began.  Data were recorded at excitation signal  
at 360 nm (Ca2+-insensitive) and emission signal at 510  
nm at 1-sec intervals as described previously (28).

Cell Viability Assays

Viability was explored as previously described  
(6, 24, 25).  The assessment of cell viability was based  
on the rational that cells can cleave tetrazolium salts  

by dehydrogenases.  Increases in the intensity of color  
correlated with the live cell number.  Assays were  
conducted according to manufacturer’s instructions  
(Roche Molecular Biochemical, Indianapolis, IN, USA).   
Cells were seeded in 96-well plates at a concentration  
of 10,000 cells/well in culture medium for 24 h in the  
presence of methoxsalen.  The cell viability detecting  
tetrazolium reagent 4-[3-[4-lodophenyl]-2-4(4-
nitrophenyl)-2H-5-tetrazolio-1,3-benzene disul-
fonate] (WST-1; 10 μl pure solution) was added to  
samples after methoxsalen incubation, and cells were  
incubated for 30 min in a humidified atmosphere.  In  
experiments using BAPTA/AM to chelate cytosolic  
Ca2+, cells were incubated with 5 μM BAPTA/AM for  
1 h before incubation with methoxsalen.  The cells were  
washed once with Ca2+-containing medium and 
incubated with/without methoxsalen for 24 h.  The 
absorbance of samples (A450) was determined using  
an enzyme-linked immunosorbent assay (ELISA) 
reader.  Absolute optical density was normalized to 
the absorbance of untreated cells in each plate and 
expressed as a percentage of the control.
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Fig. 1. Effect of methoxsalen on [Ca2+]i in fura-2-loaded MG63 cells.  (A) Methoxsalen was added at 25 s.  The concentration of  
methoxsalen was indicated.  The experiments were performed in Ca2+-containing medium.  (B) Effect of methoxsalen on [Ca2+]i  
in the absence of extracellular Ca2+.  Methoxsalen was added at 25 s in Ca2+-free medium.  (C) Concentration-response plots 
of methoxsalen-induced [Ca2+]i rises in the presence or absence of extracellular Ca2+.  Y axis is the percentage of the net (baseline  
subtracted) area under the curve (25-250 s) of the [Ca2+]i rises induced by 1500 μM methoxsalen in Ca2+-containing medium.   
Data are mean ± standard error of the mean (SEM) of three experiments.  *P < 0.05: compared to open circles.
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Statistics

Data are shown as mean  SEM of three independent  
experiments.  Data were analyzed by one-way analysis  
of variances (ANOVA) using the Statistical Analysis  
System (SAS, SAS Institute Inc., Cary, NC, USA).  
Multiple comparisons between group means were  
performed by post-hoc analysis using the Tukey’s 
HSD (honestly significantly difference) procedure.  
A P value less than 0.05 was considered significant.

Results

Effect of Methoxsalen on [Ca2+]i

The basal [Ca2+]i level was 51 ± 1 nM (Fig. 
1A).  Methoxsalen evoked [Ca2+]i rises in a concen-
tration-dependent manner at concentrations between  
500 and 1500 μM in Ca2+-containing medium.  At a  
concentration of 1500 μM, methoxsalen evoked [Ca2+]i  
rises that attained to a net increase of 71 ± 2 nM.  
In the absence of extracellular Ca2+, 500-1500 μM  
methoxsalen evoked concentration-dependent [Ca2+]i  
rises (Fig. 1B).  The Ca2+ response saturated at 1500  
μM methoxsalen because 3000 μM methoxsalen did  
not cause greater responses (Fig. 1A and 1B).  The  
concentration-response relationship of methoxsalen- 
induced [Ca2+]i rises were shown in Fig. 1C.  The EC50  
value was 652 ± 3 μM or 701 ± 2 μM in Ca2+-containing  
medium or Ca2+-free medium, respectively, by fitting  
to a Hill equation.

Methoxsalen-Induced Mn2+ Influx

Mn2+ and Ca2+ share similar pathways of entering  
cells but the former quenches fura-2 fluorescence at  
all excitation wavelengths (28).  Thus, Ca2+ entry can  
be indirectly demonstrated by quenching of fura-2  
fluorescence excited at the Ca2+-insensitive excitation  
wavelength of 360 nm by Mn2+.  Since methoxsalen- 
induced Ca2+ response saturated at 1500 μM, in the  
following experiments the response induced by 1500  
μM methoxsalen was used as control.  Figure 2 shows  
that 1500 μM methoxsalen evoked an instant decrease  
in the 360 nm excitation signal that reached a 
maximum value of 61 ± 1 arbitrary units at 100 s.  
Furthermore, methoxsalen induced Mn2+ quenching  
in a concentration-dependent manner (Fig. 2B).  The  
Mn2+ quenching results imply that Ca2+ entry contributed  
to methoxsalen-induced Ca2+ signal.  Moreover, it 
suggests that store-operated Ca2+ entry occurred in 
methoxsalen-induced [Ca2+]i rises.

Modulation of Methoxsalen-Induced [Ca2+]i Rises

In Ca2+-containing medium, three store-operated  
Ca2+ entry inhibitors: nifedipine (1 μM), econazole  
(0.5 μM) and SKF96365 (5 μM); phorbol 12-myristate  
13 acetate (PMA; 1 nM; a protein kinase C, PKC 
activator); and GF109203X (2 μM; a PKC inhibitor)  
were added 1 min before methoxsalen (1500 μM).   
Except PMA and GF109203X, the other chemicals  
inhibited methoxsalen-induced [Ca2+]i rises by  
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approximately 20% (Fig. 3).  This suggests that store- 
operated Ca2+ entry involved in methoxsalen-induced  
[Ca2+]i rises.

The Source of Methoxsalen-Induced Ca2+ Release

The endoplasmic reticulum has been shown to  
be a dominant Ca2+ store in most cell types (4, 8).   
Therefore the role of the endoplasmic reticulum in  
methoxsalen-induced Ca2+ release in MG63 cells was  
explored.  To exclude the contribution of Ca2+ entry, the  
experiments were performed in Ca2+-free medium.  
Fig. 4A shows that addition of 50 μM 2,5-di-tert-
butylhydroquinone (BHQ), an endoplasmic reticu-
lum Ca2+ pump inhibitor (41), evoked [Ca2+]i rises  
of 59 ± 2 nM.  Subsequently added 1500 μM meth-
oxsalen induced small [Ca2+]i rises of 3 ± 2 nM.  Fig.  
4B shows that addition of BHQ failed to release 
more Ca2+ after methoxsalen-induced [Ca2+]i rises.

A Role of PLC in Methoxsalen-Induced [Ca2+]i Rises

The protein PLC plays a crucial role in regulating  
the release of Ca2+ from the endoplasmic reticulum  
(4, 8).  Since our data show that methoxsalen released  

Ca2+ from the endoplasmic reticulum, the involvement  
of PLC in this process was examined.  U73122 (38)  
is a commonly used PLC inhibitor, thus was applied to  
examine if the activation of this enzyme was needed  
for methoxsalen-induced Ca2+ release.  Firstly, Fig.  
5A shows that adenosine triphosphate (ATP) (10 μM)  
was found to evoke [Ca2+]i rises of 25 ± 2 nM.  Because  
ATP is a PLC-dependent agonist of [Ca2+]i rises in  
most cell types (14), U73122 was used to test its  
inhibitory effect on ATP-induced [Ca2+]i rises.  Figs.  
5A and 5B show that incubation with U73122 (2 μM)  
did not alter basal [Ca2+]i but completely inhibited  
ATP-induced [Ca2+]i rises.  This suggests that U73122  
effectively suppressed PLC activity.  Subsequently, the  
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data show that incubation with 2 μM U73122 did not  
alter basal [Ca2+]i but abolished 1500 μM methoxsalen- 
induced [Ca2+]i rises.  Although U73122 is generally  
deemed as a selective inhibitor of PLC, the possibility  
that U73122 acted by PLC-independent action needs  
to be excluded.  Thus U73343 was used as a negative  
control.  U73343 is structurally very similar to U73122  
while lacks inhibitory effect on PLC.  Our results show  
that U73343 (2 μM) failed to alter ATP-induced [Ca2+]i  
rises (Fig. 5, A and B).  Therefore, this most likely sug-
gests that U73122 selectively in hibited PLC activity  
in methoxsalen-induced [Ca2+]i rises.  Furthermore, 
it supports that store-operated Ca2+ channels par-
ticipated in methoxsalen-induced Ca2+ release.

Effect of Methoxsalen on Cell Viability

Methoxsalen (0-700 μM) was added to cells for  
24 h, and tetrazolium assay was performed.  Methoxsalen  
caused a decrease in viability in a concentration-
dependent manner between 300-700 μM (Fig. 6).  
Because methoxsalen significantly induced [Ca2+]i  
rises, the next question was whether methoxsalen-
caused cytotoxicity was induced by preceding [Ca2+]i  
rises.  The intracellular Ca2+ chelator BAPTA/AM (5 
μM) (40) was applied to prevent [Ca2+]i rises during  
methoxsalen incubation.  At a concentration of 1500  
μM, methoxsalen did not evoke [Ca2+]i rises in BAPTA- 
AM-treated cells (not shown).  Fig. 6 shows that 5  

μM BAPTA-AM incubation did not change viability of  
control cell.  In the presence of 300-700 μM methoxsalen,  
BAPTA-AM loading did not reverse methoxsalen-induced  
cell death.  Thus, the findings implicate that methoxsalen- 
evoked cytotoxicity was not caused by [Ca2+]i rises.

Discussion

Ca2+ signaling plays a key role in numerous cellular  
responses.  In this regard, literature shows that methox- 
salen affected Ca2+ signaling and regulated physiology  
in GH4C1 rat pituitary cells (29) or rabbit corpus 
cavernosum (7).  However, the pathways underlying  
this Ca2+ signaling was not completely elucidated.  The  
present study shows that methoxsalen induced [Ca2+]i  
rises in MG63 cells by releasing Ca2+ stores and in- 
ducing Ca2+ entry.  Removal of extracellular Ca2+ partly  
inhibited methoxsalen-induced Ca2+ entry throughout  
the measurement of 200 s, suggesting that both meth- 
oxsalen induced both Ca2+ entry and Ca2+ release.  
The Mn2+ quenching results also implicate that Ca2+ 
entry contributed to methoxsalen-induced Ca2+ signal.

The pathway of methoxsalen-induced Ca2+ entry  
was examined.  In many cells including MG63 cells,  
store-operated Ca2+ channels have been shown to play  
a crucial role in [Ca2+]i rises triggered by different  
compounds such as NPC-14686 (6) and setraline (24).   
Despite that there are so far no selective inhibitors for  
this Ca2+ entry, nifedipine, econazole and SKF96365  
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were commonly applied for this purpose (18, 20, 32,  
35).  Our results suggest that all of these three chemicals  
inhibited methoxsalen-induced [Ca2+]i rises.  There-
fore methoxsalen-induced Ca2+ entry appears to 
involve store-operated Ca2+ pathway.

The changes of the activity of protein kinases  
are well established to be able to alter Ca2+ signaling  
(4, 5, 11).  However, our findings suggest that 
methoxsalen-induced [Ca2+]i rises were not changed  
by the status of PKC activity.  This suggests that PKC  
may not be involved in methoxsalen-induced Ca2+ 
signaling.  The next question was the identity of the  
Ca2+ stores responsible for methoxsalen-induced Ca2+  
release.  Our data suggest that the endoplasmic reticulum  
stores appeared to be dominant in this response.  The  
endoplasmic reticulum is the major intracellular Ca2+  
stores of cells, whereas mitochondria shape and 
decode cellular Ca2+ signals by taking up and then 
releasing Ca2+ ions (4, 8).  A mitochondrial Ca2+ 
channel known as the uniporter drives the rapid and 
massive entry of Ca2+ ions into mitochondria.  The  
uniporter operates at high, micromolar [Ca2+]i  
that are only reached transiently in cells, near Ca2+ 

release channels (4, 8).  The results show that incu-
bation with the endoplasmic reticulum Ca2+ pump 
inhibitor BHQ inhibited 95% of methoxsalen-
induced [Ca2+]i rises.  In contrast, incubation with  
methoxsalen abolished BHQ-induced [Ca2+]i rises.  The  
residual 5% might be contributed by other stores such  
as mitochondria, cytosketolon or nucleus, etc. (4, 8).

The data further show that the Ca2+ release was 
via a PLC-dependent mechanism, because it was  
abolished when PLC activity was inhibited.  G protein– 
coupled receptors (GPCRs) constitute a large protein  
family of receptors that sense molecules outside the  
cell and activate inside signal transduction pathways  
and, ultimately, cellular responses (4, 8).  The PLC  
signal pathway is a principal signal transduction of the  
GPCRs (4, 8).  Because the data show that methox-
salen induced [Ca2+]i rises by evoking PLC-dependent  
Ca2+ release from the endoplasmic reticulum.  Therefore  
it suggests that methoxsalen may act on GPCRs.

Methoxsalen (300-700 μM) was found to be 
cytotoxic to MG63 cells in a concentration-dependent  
manner.  It has been established that Ca2+ overload 
can trigger diverse processes resulting in changes in 
cell viability (4, 8).  One possible explanation for  
methoxsalen-induced cytotoxicity in MG63 cells was  
that Ca2+ played a role in the cell death.  However,  
our data show that 300-700 μM methoxsalen-induced  
cell death was not reversed when cytosolic Ca2+ was  
chelated by BAPTA-AM.  This implies that in this case,  
methoxsalen-induced cell death was not triggered by  
[Ca2+]i rises.

Viability and [Ca2+]i assays were different in the  
method.  In viability assays, cells were incubated with  
methoxsalen for 24 h in order to gain significant changes  
in viability.  In contrast, [Ca2+]i assays were performed  
online and terminated within 10 min, and trypan blue  
exclusion showed that after treatment with methox-
salen, cell viability was still >95%.  This explains 
700 μM methoxsalen decreased cell viability by ap-
proximately 95% while 1500 μM methoxsalen did 
not alter viability in [Ca2+]i assays.

The pharmacokinetics and availability of meth- 
oxsalen in vivo were explored in several studies.  The  
plasma level of methoxsalen may reach 20-50 μM (39, 
45).  This level may be expected to go much higher  
in patients with liver or kidney disorders or taking higher  
doses (39, 45).  Furthermore, in previous studies, pretreat- 
ment with methoxsalen (250 μmol/kg) appears to 
decrease the metabolic activation of chloroform and 
essentially prevents its hepatotoxicity and nephro-
toxicity in mice (22, 23).  However, our data show 
that methoxsalen at a concentration of 300 μM  
induced slight cell death.  Many anticancer drugs have  
poor and highly variable oral bioavailability.  As 
pharmacokinetics plays a very important role in  
determining drug dose, exposure, and drug activity, an  

Fig. 6. Methoxsalen-induced Ca2+-independent cell death.  
Cells were treated with 0-1500 μM methoxsalen for 
24 h, and the cell viability assay was performed.  Data 
are mean ± SEM of three separate experiments.  Each 
treatment had six replicates (wells).  Data are ex-
pressed as percentage of control that is the increase in 
cell numbers in methoxsalen-free groups.  Control had 
10,775 ± 712 cells/well before experiments, and had 
13,566 ± 788 cells/well after incubation for 24 h.  *P < 
0.05 compared to control.  In each group, the Ca2+ che-
lator BAPTA-AM (5 μM) was added to cells followed 
by treatment with methoxsalen in Ca2+-containing me-
dium.  Data are expressed as the percentage of control (in 
methoxsalen-free groups, 100%).  Cell viability assay 
was subsequently performed.
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improved pharmacokinetic profile would result in 
enhanced antitumor activity and decreased systemic 
toxicity.  Thus, the development of orally admin-
istrable anticancer drugs is receiving increased 
attention to improve the physicochemical and phar-
macokinetic profiles of newly designed molecules.   
Because chemical modifications or more formulations  
that can bypass their poor oral bioavailability have 
been developed, it is important to explore structure-
activity relationship studies to improve efficacy  
and potency.  Since methoxsalen and its metabolites  
have therapeutic potential against cancers, advanced  
drug delivery systems for enhanced bioavailability and  
mechanisms to maintain effective therapeutic con-
centrations in the blood should also be considered.

Ca2+ signaling is involved in many cellular pro- 
cesses, such as cell death, differentiation, proliferation,  
and survival.  The Ca2+ signaling pathway and its bio- 
logical significance have not yet been examined in  
methoxsalen-treated human oseteosarcoma cells.  This  
study shows that in MG63 human osteosarcoma cells,  
the natural photoactive compound methoxsalen, caused  
Ca2+ influx via store-operated Ca2+ entry and induced  
Ca2+ release from the endoplasmic reticulum in a PLC- 
dependent manner.  Methoxsalen induced cytotoxicity  
independently of preceding [Ca2+]i rises.  The [Ca2+]i- 
elevating and cytotoxic effects of methoxsalen 
should be taken into account in performing other in 
vitro studies.
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