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Effects of Reactive Oxygen Species on ATP-Induced Intracellular
Ca® Activity in Osteoblasts

Jin-Ho Kim, M.D., Tae-Dong Kwon, M.D., Soon-Ho Nam, M.D.,
Chang-Kook Suh, M.D.*, and Yong-Woo Hong, M.D.

Department of Anesthesiology, College of Medicine, Yonsei University, Seoul, Korea
* Department of Physiology and Biophysics, College of Medicine, Inha University, Incheon, Korea

Background: The physiological activity of osteoblsts is known to be closely related to increased
intracellular Ca®" activity ([Ca2+]i) in osteoblasts. The cellular regulation of ([Ca2+]i) in osteoblasts
is mediated by Ca’* movements associated with Ca™" release from intracellular Ca®* stores, and
transmembrane Ca’’ influx via Na'-Ca®’ exchanger, and Ca>* ATPase. Reactive oxygen species,
such as H,O,, play an important role in the regulation of cellular functions, and act as signaling molecules
or as toxins in cells.

Methods: Osteoblasts were isolated from the femurs and tibias of neonatal Sprague-Dawley rats, and
cultured for 7 days. The cultured osteoblasts were loaded with a Ca®"-sensitive fluorescent dye, Fura-2
AM ester, and fluorescence images were monitored using a cooled CCD camera. Ca-spike changes upon
ATP application were checked for (1) osteoblasts in Ca”'-free and 2.5 mM CaCl, normal Tyrode solution,
(2) osteoblasts in which the Ca’* of the endoplastic reticulumin had been depleted with ryanodine,
thapsigargin ord caffein, and (3) osteoblasts pretreated with H>O», in which the expression of IP3 receptor
was checked by Western blotting.

Results: ATP increased intracellular free Ca™" regardless of extracellular Ca®" concentration. When
the intracellular Ca™" store was depleted, the level of increased Ca™ activity by ATP was suppressed. H,0»
sustained the Ca”" increase induced by ATP. The expression of IP; receptor was enhanced by H,O,.

Conclusions: H,0, modulates intracellular Ca>" activity in osteoblasts by increasing Ca’* release
from the intracellular Ca® stores. (Korean J Anesthesiol 2003; 44: 544 ~554)
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(Nikon Diaphot 300)

Fig. 1. A block diagram of Ca®* imaging system. Light
from Xenon lamp is filtered through filter changer and
divided into light with wavelength of 340 nm and of 380
nm. Osteoblast on the inverted microscope is exposed by
these lights alternatively. After then, fluorescence from
osteoblast is filtered by the light with wavelength of 510
nm through dichroic mirror and is collected as fluorescent
images by digital camera.
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Fig. 2. Calcium imaging of osteoblasts. (A) 20 consecutive ratio images of Fura-2 loaded rat osteoblasts (ROS) are
shown. The scale bar on the right represents pseudo coloring based on the ratio value. In this particular view, five different
ROSs can be observed. At t = 50, the extracellular [Na'] was lowered from 140 mM to 0 mM. The three circles in
the first image represent three zones within which the ratio is averaged at each frame. (B) The average ratios of the
three zones are plotted as a function of time.

Table 1. Composition of Solutions Used in Calcium Imaging

Solutions NaCl CaCl, KCl1 MgCl, NaH,PO; HEPES Glucose  EGTA
Normal Tyrode 140 2 4 1 1 5 55 0
0 Ca 140 0 4 1 1 5 55 0
0 Ca /| EGTA 140 0 4 1 1 5 55 1

Culture Medium

Ca” -sensitive dye
loading solution

ER Ca’*-ATPase
blocker

ER Ca® release
channel agonist

Dulbecco’s Modified Eagle Medium

Normal Tyrode solution + 0.5uM Fura-2, AM
+ 0.02% Cremophor EL

1pM  Thapsigargin
5 mM Caffeine

1pM Ryanodine

EGTA: ethylenglycol-bis-[f-aminoethyl ether] N, N, N’, N’-tetraacetic acid), HEPES: N-[2-hydroxyethyl]piperazine-
N’[2-ethanosulfonic acid], ER: endoplasmic reticulum.

itol), 250 mM sucrose

g ol ZajEd JAA 2 903 AR, FFAE AAT & FL
[protease inhibitors (0.5 g/ml leupeptin, 5 g/ml pep- &N Hojx -70°Co] RASFHY. vl Fx+=
statin, 1 mM PMSF (phenylmethysulfonny fluoride), 1 =~ Lowry methodZ =339t 2 HIXZREH F&

mM benzamidine, 2 mM iodoacetamide, 1 g/ml apro- H 7d2AS gA =9 24°CE FAstal, SDSE
tintin)]7} E3E §Hof Hola FA E47]E 503 ol [SDS loading buffer (100 mM tris-HCl, pH 6.8,

2SI AL 7

b AAdEe s, ol

A2 ThA] 10,000 x g2 15% 200 mM DTT, 4% SDS [electrophoresis grade], 0.2%

FEAE FolA 10,000 x g bromophenol blue, 20% glycerol)] S 7}3+ F 100°C
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£ SDS/PAGE [8-16% gradient gel]ollA 125 V¢ A
oz 3A7F A7]9% 3 T PVDF membrane O &
25 Vo] Ao A T+ AT 12k A
[rabbit anti-mouse anti-IP3 receptor polyclonal antibody
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A [horseradish peroxidase-conjugated goat anti-rabbit IgG
(Transduction laboratory)]2 THA] HFS-S AJ7l &
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kol 076 + 002014 1.23 + 0.022 FA3] =718
T spike@ o] W3 T IHLHE ﬂ%il—t— FdE
Hole= ME 9 spiked o] W3} & WEZQ] HL& Ca2+
-spike7} HAFE AEXE #AFTE £ JAT(Fig
3A). 56709) A F 39%% 224 ZNA | mM ATP
of wHgEtATh ATPY oF =F AE W [Ca W
3te] AEZ ¥ G TE AEAHS YolrIHE) 25
mM Ca** AA+ Tyrode & 4-& A Xg & 0 mM Ca*
Tyrode §8-& TFAA [Ca]e W3S ZH5%
t} #F 299 Ca¥¥ =7l 2.5 mMjent 0 mM ZA

RS W 22 AE [ClE ot Aasigen, 1
mM ATPE F3t9S Wl R340/380°] H43] =7}
3= spike ¥ g HS&E]—(Flg 3B). AlE ¥ Ca*'-free

AEE FA387] YT Ca’’ buffer® 1 mM EGTAS
913t & | mM ATPES 2010}0510 W= IA] R340/
3800] F23] 75l spike¥FS HAth(Fig. 30).
ol¥s A= ATP EA] HAE U ca¥o] F2A3s)

A F7bstd, £ AE wro] CcaoEAC] S
HRAeZ & 4 A
ATP] 9J8 2T AE U Ca¥ FA4=9 ca™'y

A 21 f\ 1 min
g ] AN
g 14 il
3 S
4 ____F.__nq___} /““\-..__‘___‘_H_ﬁ-_
1 mMATP
0
2_
i e\ "
7 1 mMATP
0
B 151 1 min

Roosso
\
\
i

1 mMATP

0Ca”/1 mM EGTA

Fig. 3. (A) Effects of ATP on intracellular Ca® of
primary cultured osteoblasts in normal Tyrode solution.
Black bar indicate superfused with 1 mM ATP. (B)
Effects of ATP on intracellular Ca>* of primary cultured
osteoblasts in Ca*'-free Tyrode solution. To examine Ca*
source, Ca”*-free Tyrode solution condition was made by
1 mM ATP. (C) Effects of ATP on intracellular Ca®* of
primary cultured osteoblasts in Ca**-free state, EGTA. To
maintain extracellular Ca”'-free state, EGTA as Cca*
buffer was made by 1 mM ATP.

E4L Jolr A}, AE yro] Ca™ 25
Ca™* Q2 Tyrode &40 2 ZAH3Iy, 38 HFo=
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23te] FAE Ca¥-spike®] F7] 1.66 + 0.22¢] H]
3 F WA 2 oA WA spike?] Z7|E 117
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Fig. 4. (A) Dependency of the ATP induced Ca**-spike
generation in extracellular normal Tyrode solution.
Normal Tyrode solution (2.5 mM [Ca2+]e) was superfused
with 1 mM ATP every 3 min period. *: P < 0.05
compared to first spike. (B) Comparison of the ATP
induced Ca**-spike generation in normal Tyrode solution.
*: P < 0.05 compared to first spike. Values are meant+
SEM. (C) Dependency of the ATP induced Ca”"-spike
generation in extracellular Ca’*-free condition. 1 mM
ATP was added to the Ca’*-free solution every 3 min.
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Fig. 5. (A) Dependency of the ATP induced Ca*"-spike
generation after depletion of Ca® in endoplasmic
reticulum with normal Tyrode solution. To deplete [Ca2+]i
stores, 1pM ryanodine (Ry), 1 uM thapsigargin (Tg) and
5 mM caffeine (Caf) were added to the normal Tyrode
solution. (B) Dependency of the ATP induced Ca2+—spike
generation after depletion of Ca”" in endoplasmic reticulum
with Ca>*-free Tyrode solution. To deplete [Ca2+]i stores,
1iM ryanodine (Ry), 1M thapsigargin (Tg) and 5 mM
caffeine (Caf) were added to the Ca®'-free Tyrode
solution. (C) Comparison of the ATP induced Ca>*-spike
generation after depletion of Ca® in endoplasmic
reticulum with normal and C*'-free Tyrode solution . *:
P < 0.05 compared to 0 mM [CazJ']e in first spike.
Values are mean * SEM.
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Table 2. Dependency on Extracellular Ca>

Response to ATP Basal response Rsao3s0

1st spike R340/33()

Store depletion R340/330 2nd spike R340/330

Ca”"-spikes
[Ca2+]e =
Ca”"-spikes
[Ca®]e = 0 mM

0.85 + 0.04 1.43
2.5 mM

H+

0.85 + 0.01 1.00 *

0.17* 0.72 £ 0.02 0.80 £ 0.02

0.01 0.73 + 0.01 0.69 £ 0.00

Values are mean + SEM. *P < 0.05 compared to 0 mM [Ca*']. in first spike.

) o [Ca”| 3t HE
&l Are AL 9uEH, Ca’ Ao Caz*
Aol R3] o] FARAA S ofm gt

) [Ca2*1 A3kt ca™ AR
dolr 7] 93l Fura-
mM Ca2+7<q ’} Tyrode-§
) ]/“] I mM ATPE FY3}o
R340/3809] w4% 718 A% & mM ryanodine,
1uM thapsigargin, 5 mM caffeine SoZ X} X3}
WEAADE 12N FEelA | mM ATPE Y
5190S wl R340/3808] A7)E AA A5 THFig.
5A). 25 mM Ca™ %7} Tyrode &o] 1 mM ATP
£ FYste] R340/3809] FZHT F7IE #lsin
0 mM Ca™ Tyrode 8402 WA Z |
1 uM thapsigargin, 5 mM caffeine 5= X3l W
HAALES 1Z2A7]1, 1 mM ATPE FYsle =

T AE W CIZAHES BFF A R340/3809]
zZ7] 9A ZA 723 tHFig. 5B). Fig. 5A ¥ 5B
A yUetuh= ATPOl 93 responseS Hlw gk A3}
store depletion ¥ 5 WA spikeA] 2] R340/380= 2.5
mM Ca™ Tyrode €937 0 mM Ca® Tyrode & ]
A57F vlzEd o, 3 WAl spike®] R340/380%
25 mM Ca” Tyrode §9¢1 ZA<$7} 0 mM Ca™ Ty-
rode €9 AR} 290 A =UthFig. 5C, Table
2). ool Ay= ATP7L 23 ME9 Ca"AFALR
fre 171“ A& AUIFPE}

>
—
s
2
Lo
o,

B
i
)
f

uM ryanodine,

2 mM H202% 5% 7P il ﬂils}ﬁ

= ¥ [Ca¥]) Wale zAstuA AX U
S 1A A A 1 mM ATPE AX3td F <
Aol EHE BAATEFEg 6) AE W CaAFAE

21 1 min

R34 0/380
N
1

] 1 mMATP
0Ca*/1 uM Ry/1 uM Tg/5 mM Caf/0.5 mM H,0,

0

2_
: i
§ T e
o 1 mMATP

0Ca*/1 M Ry/1 uM Tg/5 mM Caf/0.5 mM H,0,

Fig. 6. Effects of H,O, on ATP responses in osteoblast.
To deplete intracellular Ca" store, Ca**~free solution was
superfused with 1uM ryanodine (Ry), 1uM thapsigargin
(Tg), 5 mM caffeine (Caf) and 5 mM H,O, and then 1
mM ATP was superfused after 5 min.
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Fig. 7. The localization of IP3 receptor in primary cultured
osteoblasts and the effects of H»,O, on IPs receptor in
osteoblasts. Western blot of protein from control and cells
exposed to 0.5 mM H,O» for 5, 10, 20 min, respectively.
Bands were stained with rabbit anti-mouse IP3;R antibodies
and were developed with ECL (enhanced chemiluminesence)
by using horseradish peroxidase-conjugated goat anti-rabbit
IGg and ECL. Each lane was loaded with 84pg total
protein. The result shows that IPsR was expressed about
260 kDa and the expression of IPsR was increased in cells
exposed to 0.5 mM H,O, for 5 or 10 min.
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