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Abstract

The effect of histamine on intracellular free Talevels ([C&*];) in MG63 human osteosarcoma cells was explored using fura-2 as a
Ca* dye. Histamine increased [€4; in a concentration-dependent fashion witheag, value of 0.5uM. Extracellular C&" removal
inhibited the [C&*], signals. Histamine failed to increase fC% in Ca*-free medium after cells were pretreated with thapsigargin (an
endoplasmic reticulum G& pump inhibitor). Addition of C&" induced concentration-dependent fCh increases after preincubation with
histamine in C&"-free medium. Histamine-induced intracellular®*Carelease was abolished by inhibiting phospholipase C with 1-(6-
((17B8-3-methoxyestra-1,3,5(10)-trien-17-yl)amino)hexyB-pyrrole-2,5-dione (U73122). The [€4]; increase induced by histamine in
Ca" medium was abolished by cimetidine, but was not altered by pyrilamine, nifedipine, verapamil,*dnd bgether, this study shows
that histamine increased in [€4; in osteosarcoma cells by stimulating H2 histamine receptors. TRé €ignal was caused by €a
release from the endoplasmic reticulum in a phospholipase C-dependent manner.*Thesl€ase was accompanied by?Canflux.
© 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction mine receptors have been characterized, coded as the H1, H2,
and H3 receptors based on their sensitivity to different agonists
Changes in cytosolic free €4levels ([C&*],) regulate and antagonists [8,9]. Histamine was shown to increase [Ga
diverse cellular events, ranging from secretion and contrac- excitable and non-excitable cells [10—12]. The aim of this study
tion to modulation of cell growth and proliferation [1-4]. In  was to investigate the effect of histamine on{Gain osteo-
non-excitable cells, receptor-evoked fC} increases usu-  sarcoma cells. Both extracellular €aevels and intracellular
ally are initiated by a rapid lrdependent release of €a Céa* signaling play important roles in the pathophysiology of
from the endoplasmic reticulum [3,4], followed by an ex- osteoblasts [13—15]. The effect of histamine o ‘Csignaling
tracellular C&" influx termed capacitative G4 entry [5,6]. in bone cells is unclear. The MG63 human osteosarcoma cell
Histamine is a biogenic amine found in large quantities in line is a useful model in bone cell research. It was shown that
most tissues, especially in mast cells [7]. Three types of hista-the calmodulin inhibitor W-7 increases [€3; in MG63 cells
[16], however, the effects of other agonists are unknown.
R _ It was found that histamine increased fCh in MG63
3468(c.)“,(5)(r5r.espondlng author. Tel.+886-7-3422121-1509; fax:886-7- gells when fura-2 Was us_ed as az(’_‘,a:iye. Thg concentra- '
E-mail addresscrjan@isca.vghks.gov.w (C-R. Jan). tlon—respopse relationships and the mechamsms underlying
Abbreviations:[Ca?*];; Cytosolic free C&" concentration; and P the [C& ] increase, such as the receptors involved and the
inositol 1,4,5-trisphosphate. Ca™" sources, were investigated.
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Fig. 1. (A) Concentration-dependent effects of histamine orf {Lan MG63 cells. The concentration of histamine wasdd in trace g 1 uM in trace

b, 0.1 uM in trace g and 10 nM intrace d The experiments were performed in“Camedium. (B) Effect of external Ga removal on histamine-induced
[Ca?"]; increases and the effect of readmission of Cadistamine (10 nM—10@M) was added at 30 sec in €afree medium followed by addition of 3
mM CacCl, at 250 sec. The concentration of histamine was AP0 1 uM, 10 nM, and zero irraces ab, c, andd, respectively. (C) Concentration—response
plots of histamine-induced €& signals both in C&" medium (filled circles) and Ca-free medium (open circles). The y axis is the net maximun?{Ga
of the response with baseline subtracted. The data were meaS8&M of 4-5 experiments. 22 < 0.05. (D) A concentration-response plot of
histamine-induced capacitative €aentry. The y axis is the net maximum [€3; obtained after adding 3 mM CaClIThe data were means SEM of 4-5

experiments.

2. Materials and methods 2.2. Solutions

Ca&" medium (pH 7.4) contained (in mM): NaCl 140;
2.1. Cell culture KCI 5; MgCl, 1; CaCl, 2; HEPES 10; glucose 5. Exfree
medium contained no & plus 1 mM EGTA.

MG63 cells obtained from the American Type Culture
Collection were cultured in modified Eagle’s medium sup- 2 3. Optical measurements of [€3;
plemented with 10% heat-inactivated fetal bovine serum,
100 U/mL of penicillin, and 10Qwg/mL of streptomycin at Trypsinized cells (18mL) were loaded with 24M fura-
37° in 5% CQ-containing humidified air. 2/AM for 30 min at 25° in modified Eagle’s medium. Fura-2
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fluorecence measurements were performed in a water-jack- A
eted cuvette (25°) with continuous stirring; the cuvette con-
tained 1 mL of medium and 0.5 million cells. Fluorescence
was monitored with a Shimadzu RF-5301PC spectrofluoro-
photometer by recording excitation signals at 340 and 380
nm and the emission signal at 510 nm at 1-sec intervals.
Maximum and minimum fluorescence values were obtained
by adding 0.1% Triton X-100 and 20 mM EGTA sequen-
tially at the end of an experiment. [€4; was calculated as
previously described [17-19].

150 4

100 -

[Ca*"], (nM)

50 -
2.4. Chemical reagents

o
The reagents for cell culture were from GIBCO. Fura-

2/AM was from Molecular Probes. U73122 (1-(6-(&3-
methoxyestra-1,3,5(10)-trien-17-yl)amino)hexyy-pyr- 0 100 200 300 400 500
role-2,5-dione) and U73343 (1-(6-((873-methoxyestra-
1,3,5(10)-trien-17-yl)amino)hexyl)-2,5-pyrrolidine-dione) B

were from Biomol. The other reagents were from Sigma.

1 histamine 1 thapsigargin

150 -
2.5. Statistical analysis

The traces are typical of 4-5 similar responses. All values g
were reported as meansSEM of 4-5 experiments. Because £ 100 -
the data from each experiment were the average of responses ;=
from 0.5 million cells, the variation among experiments was J
typically small. This means that the meanSEM of 4-5 O,
experiments can reveal significant results. Statistical com- 50 t
parisons were determined by using Student’s pairtbt, 1

and significance was accepted when< 0.05.

histamine
thapsigargin

3. Results and discussion 0 100 200 300 400 500
Time (s)
3.1. Effect of histamine on [&4], in MG63 cells

Fig. 2. Internal C&" sources of histamine-induced [€3, increases. (A)
) . ) In Ca&*-free medium, 10QuM histamine and 1uM thapsigargin were
At concentrations between 10 nM-1QMM, histamine added at 30 and 250 sec, respectively. (B) Similar to (A) except that the

increased [C&']; in the presence of extracellular €a(Fig. order of drug application was reversed.

1A). The [C&"], signal comprised an initial rise, a slow

decay, and a sustained phase within 250 sec. At a concen-

tration of 1 nM, histamine had no effect. The response 3.2. Effect of external Gd removal on the histamine
saturated at 10—10@M histamine. The [C&']; signal in response

duced by 1-100uM histamine comprised an immediate

rise, a slow decay, and a sustained phase. At a concentration Extracellular C&" removal inhibited histamine-induced
of 100 uM, histamine induced a [C4]; increase that [Ca?']; increases (Fig. 1B). The concentration—response
reached a net maximum value of 298 8 nM (baseline relationships of the histamine responses in the presence and
subtracted;trace g N = 4; P < 0.05) followed by a absence of extracellular €aare depicted in Fig. 1C. €&
sustained phase. The [€3; had a net value of 98 6 nM removal inhibited 0.1-10QM histamine-induced [C&];

at 250 sec. The rising speed of the’Casignal was inde increases by 5@ 5% at the net maximum value (K 5;
pendent of the concentration of histamine. The concentra-P < 0.05). The data suggest that extracellulaf Canflux
tion-dependent plot indicates &ng, of 0.5 uM, calculated and intracellular C& release contributed equally to the
by fitting the Hill equation to the data. The experiments peak C&" signal. The elevated phase of the histamine
were performed in serum-free solution because serum isresponse was abolished by Caremoval, indicating that
known to modify C&" signals and IR formation. this phase could be attributed to Caentry.
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Fig. 3. Effect of U73122 on histamine-induced intracellulaf Ceelease. (A) In C& -free medium, 1QuM ATP was added at 30 sec. (B) In €afree
medium, 2uM U73122, 10uM ATP, and 100uM histamine were added at the time indicated by arrows.

3.3. Effect of histamine on &4 entry 3.5. Mechanism of histamine-induced*Caelease

Mobilization of intracellular C&" in most cells activates The role of IR in the histamine response was examined.
capacitative C& entry [5,6]. Most researchers measure Fig. 3A shows that the IRdependent Cd mobilizer
capacitative Ca" entry by reintroducing Ca following ATP (10 uM) increased [C&']; in Ca"-free medium,
Ca" store depletion with the tested agent in*Cdree suggestive of the existence of Heoupled C&"-releas
medium. Fig. 1B shows that after pretreatment with 10 ing pathways. The effect of inhibiting phospholipase C
nM-100uM histamine for 220 sec, addition of 3mM CgCl  on the histamine response was investigated. Fig. 3B
increased [C&], concentration-dependentlyrdces a—g, shows that incubation with the phospholipase C inhibitor
and these responses were all higher than contrat€ d U73122 (2uM) [21] for 120 sec did not elevate basal
N = 4; P < 0.05). Fig. 1D shows the concentration— [Ca®'];, but rather abolished 10uM ATP-induced
response curve of Ga-induced C&" entry. These results  [Ca®*]; increases (N= 4; P < 0.05). U73343 (1QuM),

indicate that histamine may activate‘Canflux via capae an inactive U73122 analogue, did not affect basaf[Ga
itative C&* entry. or the ATP response (N 4; not shown). This suggests
that U73122 effectively inhibited phospholipase C-cou-
3.4. The intracellular sources of histamine-induced pled IP; formation. After U73122 and ATP pretreatment,
[Ca?*]; increases 100 M histamine failed to increase [€4]; (N = 4). The

data suggest that histamine increases®[Caby activa
Experiments were performed to explore the role of the tion of phospholipase C.
endoplasmic reticulum CG& store in histamine-induced
Cd" release. Fig. 2Ashows that in C& -free medium,  3.6. Effect of histamine receptor antagonists on
after 100uM histamine-induced [C&]; responses had sub  histamine-induced [C&]; increases
sided to baseline, &M thapsigargin, an endoplasmic retic-

ulum C&* pump inhibitor [20], evoked a [G4]; increase In C&* medium, pretreatment with 1@M cimetidine
with a net maximum value of 3% 4 nM (N = 4). Con- (an H2 histamine receptor antagonist) for 30 min abolished
versely, Fig. 2B shows that &M thapsigargin induced a 50 uM histamine-induced [C&]; increases. In contrast, 50
[C&?*]; increase with a net maximum value of 915 nM uM pyrilamine (an H1 histamine receptor antagonist) had
(N = 4; P < 0.05). After thapsigargin incubation for 230 no effect (N= 5; not shown). Histamine appears to increase
sec, 100uM histamine failed to increase [E8]; (N = 4). [Ca?*]; via either H1 or H2 receptors depending on cell

Thus, the C&" store for the histamine response appears to types [10—12]. Our data indicate that in MG63 cells, H2, but
be the thapsigargin-sensitive endoplasmic reticular com- not H1, histamine receptors are responsible for histamine-
partment. induced [C&"]; increases.
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3.7. Effect of C&" entry blockers on histamine-induced [7] Bird SD, Walker RJ. Mast cell histamine-induced calcium transients
[Ca“]i increases in cultured human peritoneal mesothelial cells. Perit Dial Int 1998;
18:626-36.
. 34 L . [8] van der Goot H, Timmerman H. Selective ligands as tools to study
Pretreatment with 1@M La™", nifedipine, verapamil, or histamine receptors. Eur J Med Chem 2000;35:5-20.
diltiazem for 30 sec did not alter 50M histamine-induced [9] Leurs I, Hoffmann I, Wieland |, Timmerman I. H3 receptor gene is

[(jaz*]i increases (N= 4-5; not shown). cloned at last. Trends Pharmacol Sci 2000;21:11-2.
[10] LiZ, Miyata S, Hatton Gl. Inositol 1,4,5-trisphosphate-sensitivé ‘Ca

stores in rat supraoptic neurons: involvement in histamine-induced

3.8. Conclusion enhancement of depolarizing after potentials. Neuroscience 1999;93:
667-74.
In summary, this study shows that histamine increased [11] Shiraishi Y, Kanmura Y, Itoh T. Effect of cilostazol, a phosphodies-
[Ca2+]i in MG63 cells concentration-dependently by acti terase type Il inhibitor, on histamine-induced increase irf[Gaand

) . ) force in middl | f th it. Br J Ph | 1998;
vating H2 receptors. The signal was contributed by phos- 102?82%1“7'3“ cerebral artery of the rabbit. Br J Pharmacol 1998;

pholipase C-coupled Ca 'release from thapsigargin-sensi  [12] Bird SD, Walker RJ. Mast cell histamine-induced calcium transients
tive stores, and by Ca influx. The only drug that was in cultured human peritoneal mesothelial cells. Perit Dial Int 1998;
found to increase [C4d]; in MG63 cells is the calmodulin 18:626-36. _ _

inhibitor W-7 [16]. The response induced by histamine and [13] Bowler WB, Dixon CJ, Halleux C, Maier R, Bilbe G, Fraser WD,

7 A . PR . - Gallagher JA, Hipskind RA. Signaling in human osteoblasts by ex-
W-7 differs in that the W 7 mdupgd [éé]i increase did not tracellular nucleotides. Their weak induction of théos-proto-on-
decay, and U73122 did not inhibit the. W-7 response. Thus, cogene via C& mobilization is strongly potentiated by a parathyroid
these two agents appear to employ different Gsignaling hormone/cAMP-dependent protein kinase pathway independently of
pathways. Because €a signals interact intricately with mitogen-activated protein kinase. J Biol Chem 1999;274:14315-24.
other transduction messengers such as cyclases proteitﬁl“] Tsai JA, Larsson O, Kindmark H. Spontaneous and stimulated tran-

. . ! sients in cytoplasmic free €ain normal human osteoblast-like cells:
;InaS(h-Z‘S,' a”fj thSPPO“pasesf tf?' reQu_Iate_ Cde“ fl’ldncéljpn [22’ aspects of their regulation. Biochem Biophys Res Commun 1999;
3], thein vivo significance of histamine-induced [€3; 263:206-12.

signals in bone cell physiology remains to be investigated. [15] Tokuda H, Kozawa O, Harada A, Uematsu T. Prostaglandjn D
induces interleukin-6 synthesis via €amobilization in osteoblasts:
regulation by protein kinase C. Prostaglandins Leukot Essent Fatty
Acids 1999;61:189-94.
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