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ABSTRACT

Bone surgery and medications may influence bone repairing processes. However,
the mechanisms are not clearly understood. The aims of this study were to investigate the effects of
heat stress and non-steroidal anti-inflammatory drugs on the release of heat shock protein 60 from
osteoblasts and their effects on the synthesis of TNF-alpha from macrophages. The MC3T3-El
osteoblasts were cultured and exposed to lethal heat stress or high dose of ibuprofen. Then, the
membrane leakage was analyzed by LDH release assay, the cell death was visualized by Annexin-
V/Propidium iodide staining and the release of heat shock protein 60 was analyzed by Western blot
analysis. In addition, the effect of conditioned-media from stressed osteoblasts on the synthesis of
TNF-alpha from macrophages was analyzed by ELISA. The results demonstrated that heat stress at
47°C for 30 min or high dose of ibuprofen resulted in the membrane leakage of osteoblasts.
However, the release of heat shock protein 60 in the conditioned media or the changes in the
intracellular heat shock protein 60 of osteoblasts was not detectable. The treatment of RAW 264.7
macrophages with conditioned media from osteoblasts that exposed to heat stress at 47°C for 30 min
resulted in the increase in TNF-alpha synthesis while the conditioned media from osteoblasts that
exposed to ibuprofen or heat stress at 47°C for 5 min have no effects on TNF-alpha synthesis from
macrophages. The addition of antibody to heat shock protein 60 inhibited the stimulatory effects of
conditioned media on TNF-alpha synthesis from macrophages. Furthermore, heat stress at 47°C for
30 min rapidly induced more osteoblast cell death, both apoptosis and necrosis, than ibuprofen
immediately after treatment. Heat stress at 47°C for 5 min resulted in less cell death and needed more
time to show effects. In conclusion, stress from heat stress at 47°C or high dose of ibuprofen resulted
in osteoblast cell death. Heat stress at 47°C for 30 min resulted in the membrane leakage and the

release of intracellular molecules from osteoblasts which stimulated TNF-alpha synthesis from



®)

macrophages whereas heat stress at 47°C for 5 min and ibuprofen at high dose had no effects on
TNF-alpha production from macrophages. In addition, heat shock protein 60 might be involved in the

induction of the pro-inflammatory cytokine synthesis from macrophages.

Keyword : Heat shock protein 60, TNF-alpha, Osteoblasts, Macrophages, Heat stress, Ibuprofen
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= J
agasniuazalnses

[ = J
Jaqmaniinazgnsas

Y s a 7 A A o
'Jﬁiﬂﬁ']ilﬂﬁLla$Qﬂﬂiﬂ!ﬂﬁl‘%hlUﬂ'li'JLﬂi'lgﬂiguﬁlu ATTNN 1 1Aag AT NN 2 Al

Y a
MINN 1 3TN

Jeraasnil VIEnAlszmea

1. amsiasusadsiagana InTudvhodsinaiiden Life Technology Corporation, USA
(Dulbecco “ s modified eagle medium 130 DMEM)
Atmanuiunsa-samiio 7.3

2. uaa—ﬂgmﬁu (L-glutamine ) Life Technology Corporation, USA

3. mﬂﬁ%au:uaz NATUFOT (Antibiotics-Antimycotics) Life Technology Corporation, USA

4. Wia Ty Iniasy (Fetal Bovine Serum %30 FBS) Life Technology Corporation, USA
5. Insnouto ﬂG]?{— 100 (Triton X — 100) Fluka, Switzerland
6. n3a-lalasnae 5@ (Tris —Hydrochloride) Sigma, Germany

7. Tmﬁﬂu"lUﬂﬁuam (Sodium bicarbonate 130 NaHCO,) MERCK, Germany

8. YAAT 19159 pl 1/ Annexin -V- FLUOS staining kit Roche Applied Science, USA
9. tou lmim3UFU-DATI0 (Trypsin — EDTA) Life Technology Corporation, USA
10. Tasi@ 83J‘1/\|Q?J?Jhl'iﬁ (Sodium Fluoride) Carlo Erba, Italy
11. lalsTossomnea (Dithiothreitol %39 DTT ) Fluka, Switzerland
12. 99710 (EDTA) Fluka, Switzerland
13. ozA3an Tud anmdudu 30 wlofidud Bio-RAD, USA
(30% Acrylamide)
14. Tus TNT’\IH@Q‘UQ (Bromophenol blue) Sigma, Germany
15. 145 1Uda (Methanol) MERCK, Germany
16. waa lwana lsAninasgiu Bio-RAD, USA
17. wenTuileu) o3 damla BDH, England

(Ammonium Persulfate VB APS)
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Taqansiall UITHN/Aszina
18. w13 Tusi (Non — fat dry milk) Bio-RAD, USA
(Kaleidoscope prestained standards)
19. Tideunan'ls {’ﬁ{ (Sodium Chloride) MERCK, Germany
20. Tden InIsWeaivla (Sodium pyrophosphate) Sigma, Germany
21. NIU-20 (Tween 20) Fluka, Switzerland
22. ‘]g’ﬂﬂi?i]ﬁiﬁi]gﬂ Cytotoxicity Detection Kit (LDH) Roche Applied Science, USA
23. ganslTmna TUsaunuuiae Pierce, USA
(BCA Protein assay Kit)
24. TxiaouTangagaila Sigma, Germany
(Sodium Dodecyl Sulfate 130 SDS)
25. NAIYDIDA (Glycerol) Fluka, Switzerland
26. wpUAVDARDINYDA 11/3AU 60 1IN Chemicon, USA
(Mouse HSP 60 antibody)
27. uouAnedanesuy TuTnayduiveanyfiseuse Jackson Immunoresearch, USA
Ao laigoausdilooondiae
(Horseradish Peroxidase (HRP)-conjugated
anti —mouse IgG)
28. LOUALBAABILA-LBAAY (Mouse beta-actin antibody)  Cell Signaling, USA
29. FugaTnuuuAlglsdFudszaui Iandu Pierce, USA
(SuperSignal West Pico Chemiluminescent Substrate)
30. TaTd Indusam 138 (Lipopolysaccharide %30 LPS) Sigma, Germany
31. ATUNTIINITAD (Cell strainer) BD Falcon, USA
32. NUNQUUUY 96 i NUNC, Denmark
33. Tsaugnanauanyen li)sau 60 Stressgen, USA
(Recombinant HSP 60 150 rHSP60)
34. 4An5290 laadvsiieuenoarvery eBioscience, USA
(Mouse TNF-OL ELISA)
35. TnunaiFeunao 138 Ajax Fine Chem, Australia

(Potassium chloride 190 KC))
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Taqansiall

UsEnAlsung

36

37

38

39.

40.

41.

42.

43.

44.
45.

46
47

Twunaden laleTasnunomle

(Potassium dihydrogen phosphate e KH,PO,)
ClalsdenlaTasnurleawla

(di-Sodium hydrogen phosphate W3e Na,HPO,)
TxdenlalaTasnuneama’lalansa
(Sodium dihydrogen phosphate dehydrate W3e
NaH,PO,)
VIAMILABUBATULIA 75 MIIUBUAAT
(75 cm’ tissue culture flask)
MU BUFAINA 100 TaAAT
(100 mm tissue culture dish)
qumwmgmwaﬁuuu 6 QLAY 24 HQU
(6-well plate tta1g 24-well plate)
waeadmfuilumrisaving 1.5 Hadans
(Microcentrifuge tube)
waeadmuilumdsaving 15 waz 50 fadans
in0ailoyAIrad (Cell scraper)
aladuaznszaniaa’lad
luTasisag Tadmuusu (Nitrocellulose membrane)

. Wﬁmﬁﬂ«mﬁﬁ (Clear blue X — ray film)

MERCK, Germany

MERCK, Germany

Fluka, Switzerland

Corning Incorporated , USA

Corning Incorporated, USA

Corning Incorporated, USA

Biologix Research Company, USA

Corning, USA

SPL Life Sciences, Korea

Sail Brand, China

Bio-RAD, USA

Thermo Scientific, USA
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gilnsal JU VIEnAlszmea

. dlaoaiesze 2 ABS 1200 Bioquell, UK
(Class II Bio Safety Cabinet)

2. @iﬁymmaﬁ (Incubator) HERACcell 240 Heraeus, Germany

3. aladiuadiiaden - BOECO, Germany
(Haemacytometer)

4. wsetunieuuliugangi HSC 15R Thermo Scientific, USA
(Refrigerated centrifuge)

5. naesganssemiviiaiangy TMS-F Nikon, Japan

o 4
wuulanaunsad
(Phase contrast inverted microscope)
A o Y 9 <
6. IATDIMUNIAIIANULYU
(Lyophilizer)
Yy 13 =
7. E]LLGBLEJ‘H 4 DU ALK Y

Y 1 =
8. AWV -80 DI UL DLFYT

L]

©

L~

9. AUBLUL -20 DIFUBAIT T

e

9y &

10. n3lola6a 1o (Autoclave)
1 A
11. f’JNU?ﬂ’J‘UﬂNQﬂ!ﬁQN (Water bath)
12. 193091189 (Centrifuge)
d‘ 1
13. 139981815 (Vortex)
A @ Iq 1
14.Lﬂ§@ﬂ’)ﬂﬂ3111lﬂﬂﬂiﬂ-ﬂ1\1 (pH meter)
A ' ) ~
15.Lﬂ5@\1€nﬂﬂ'ﬂ’\liﬂllﬁ\1§lj?
(UV transilluminator)
Y o 4
16.ﬂam@amiﬁu%lgamim«nuﬁ
(Fluorescent microscope)
170709014 UNQUULIY 96 HN
(Microplate reader)
F T T
18.m3mmmﬂaumqmﬁ
ad )
19.gatva0an Ins 1w sa

(Mini gel electrophoresis system)

Alpha2-4 LSC

J-elegance
UF 756
SF-C997
SS-325
W350
D-78532
G-560E
520A

TS-312A

DP71

MK II

PURELAB Classic

AE-6450

Martin Christ, Germany

Mitsubishi, Japan
Dometic, USA

Sanyo, Japan

Tomy, Japan

Memmert, Germany
Hettich, Germany
ScientificIndustries,USA
ORION, USA

Spectroline, USA

Olympus, Japan

Titertek, UK

ELGA, UK

ATTO, Japan
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gilnsal JU VIEnAlszmea
20.9a10 Tou T s@uane lalih Mini Trans-blot Bio-RAD, USA
(Mini trans — blot electrophoretic
transfer system)
21.Lﬂdi.méj1ﬁ\|élu (Film processor) Dent-X 9000 ADA, USA
22. Lﬂ%mfﬂﬂﬁmﬁiﬂlmﬂﬁu Molecular Analyst V.1.4.1 Bio-RAD, USA
(Densitometer)
23.Lﬂdﬁ'm@ﬂ-ﬂ'wmﬁazmat’f@Tuﬂ'ﬁ S8/12 Titertek, UK

(Microplate washer)




22

a2 ¢
NN LAa8NLsaa
¢ v
1. !"lfﬁﬁﬁﬁ'lﬂﬂﬁgﬂﬂ

s = A s 2 g s
adn ¥ IumMsAnE Av 1¥ad MC3T3-E1 ¥aiuisad pre-osteoblast 11nnz 1vian
= a o % a o dy dy 4
ATbzU0INY MALTHN ATCC Usyimaanizoniinm Tasviuwad llmnziassluemsidousad
a <3 < A Al o I v
wriauean1-duddy (-MEM) NsznoudreWialui@sy (Fetal Bovine Serum) 38az 10,
= . a A 4 ad aan a A el C)
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Y
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a

wieanaaeiiaaans, 100 lulasniurelaaans uaz 25 lulasnsudeiiadans auady lu

F4

2 7 ) Aa 7 Iy A A A
VIANISLAYNLE AR ﬂ?ﬂiﬂﬁﬂ??gﬂﬂﬂ'ﬁﬂ@uqﬂ@@ﬂul“ﬁﬂﬁﬂﬂag 5 HaEANUBU VIQQ!WQN 37 93N

]
[

= =~ = dy J o A J a a = ]

[egaLsse e Tﬂsmﬂmﬂaaumwmammaanﬂ 2-39U memaamﬁtymﬂmuﬂﬁxmummwmuuu
9 o dy Y d a a A A
ﬂigﬂﬂﬂ‘!i@ﬂag 80-95 WHNUINILINDBNITINUVIALNISLAYN Tﬂﬂi"]ﬂ@ul‘l“ﬁuﬂiﬂ“ﬁu-@ﬂ‘ﬂl@ NnAINY
Y 9 v Y o Y 7w s 3 A ! s A

lyvUIDYga 0.05 i]muuuuL%aamaﬁ“laﬂum%aammaaﬂ uawamwaaaﬂﬂmw&aﬂﬂumﬂ

X s ) s A ' P A A o sy v
Hautagilyaa ﬂullmcmaﬂumm*ﬁumuuﬂizmmiaaaz 90 YBINUMN ﬂaummaaﬂ”lﬂllﬂ

naaouae i
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P s 2 & s s
AN 1 1UMIANYT Ao 15ad RAW 264.7 duihuaas luTu'lsd/ualasve
Y

(monocyte/macrophage) ¥84MY MAUTHN ATCC Uszmsanigowim Tanineaa lmizi@eslu
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Yo = ' Jd o A J 1 J
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4w 1 - 7 J o 1 ¢
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Y 9 [ 1 A aa dy J
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' o a dy J J A [ '
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=

ngu C MMsaueuALBAAeaN oA 11581 60 91011 (Mouse HSP 60 antibody) A1

.

Yy 9 [ 1 A aa dy 4 J 9 Yo
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A g P
Tﬂﬁ!ﬂﬂ?ju!“ﬂaa

0o @ 1 1 ¢ ¢ . L A
u’]ﬁ')@ﬂ’m@’]ﬁ’]ﬂaﬂﬂl“ﬁaﬁm@ﬂ!ﬁﬁﬁﬁﬁ%’mﬂizﬂﬂ (conditioned media) ﬁN’]u%ﬂﬁﬂU
L 1 o anan [ = .. . . 9 °
wad lugtuuuaie q llvin§iseduasialilugansis Cytotoxicity Detection Kit a1ma g1
A o a ° o o ' o [
VBIUIHN Iﬂﬂlﬂuﬁ’liagﬁ’lfJﬁ’]ﬂjUVlﬂﬁ@ﬂaqﬁlu@l"]@ﬂ']\iclufl]’IUﬁfjﬂJ!LUU 96 viqu W’]ﬂ’liuulﬂu
' v '
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I a A o 1 1 A 9 A ] .
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Jd vy a Y a d Aa A d
msnageujdunumsmevsusaaamnaiinnsfensemundulviInsiidanlelelan

(Annexin-V/Propidium iodide)

o dy 4 ] a s 1 dy 4 ?x’/
mmamgiRessaduutrunizantad laaniweglumanguideusad vniiu
o I ' ' ) 9 vy .
Winmsnaaeurad lugluuuaie 9 neuduwad l1foua104an399 Annexin -V- FLUOS AN
o o a o o 4 o 14 4
Muuziveansyn Tasimsarugasareansazareroaaimesan lasl (Phosphate Buffer
. A St < ' "o ¥ 9 9 = 4 .
Saline ¥38 PBS) uA1nnubunsa-araniny 7.4 nniudeuaououundulis (Annexin-v)
% 4 1 @ = 4 /A a a
FuFouasnUa15HgeoITATY (Fluorescein) INOATIVTDUIFAANINADLWON INTFH (apoptosis) 1A
a 4 4 PPN a Iq
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v v ¢ ¢ .
AENapaganssmivigesisaasud (Fluorescent microscope)

a d a Aad
MsaanzridSnadnrenllsiu 60 (HSP60) AematinnaisHUaean (Western blot)

o S o { ¢ s .. .
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[

J {1 o 1 o a J g
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a d o X ¢ ¢
1. ﬂ]i')!ﬂi131’19]?]08'1\‘iﬂﬂ"ﬂilaﬂ\‘l!"lfﬁaﬂlﬂﬁ!"liﬁﬁﬁ%”lﬁﬂi%ﬂﬂ (conditioned media)

o w ' dy o3 A a = I
medeeanoasrad lusudaiiguuall — 80 ssruwadoa 1uszezinan
) o o 4 o < . § o ] a
24 %2109 wazih Ty adenTeasinteaatlenudy (Lyophilizer) odiothauisatingudd
o a J a { a 4
a1l Amszvaiedsmsuenldsaudlenseua Il (SDS-PAGE) A l¥Indezasas lus
[ Aa A 4
(Acrylamide) AUt UT0EaL 4 Ay 10 muaay laglgnszua vl 30 Haduenutls wiu 90
A A a A A o Y o= A ¥ a & A 1

Wi e Ts@uinasgrumasuiueneonainniuudl JundoudieTUsAauninuanegluukuing
asuuunuluTasisagTaauuiusy  (Nitrocellulose  membrane) Tagldnszudalu#i 8o #ad

¢ & & o A o A ) a o g v vy
wenudls w16 Frlus Mnuidususuiimsnasude Tdsauduswdl e

Y] 14 P @ g’/ o

drsazareematiles s larindseneudrouuna 13 lusiudesaz 5 miuasiesuaie
ueUuAUBARDaNY¥oN 11581 60 (HSP 60 antibody) tazueudveaaednylulnayaudvesnyn

4 1 o 4 a 4 a o @ 1
wouaenueu lsigeausandoseondiag (HRP-conjugated anti-mouse IgG) MNEIRY AOU

) o aaa v W a a <3 4 v A [ . .
i ldhlgnsernudumasnuuualgliuaiduaseaunIansy (SuperSignal  West  Pico

. . [ k2 a A o a s Y
Chemiluminescent Substrate) UazasIMIdRYIUA0MTUsEnUT AN 1o 11T 12ide

A @ Y o 9 A @ 9 ard . '
Lﬂimmmmmmmﬁtyty1mmﬂmimmmmmmmﬂau (Densitometer) @]'f)llﬂ
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a dJ d
2. MIAANTHAITazagaInesaa (cell lysate)

o a a . dy J 4
mmsiavasazane lade (ysis buffer) a9l lunguidsusad waz lHaseiioya
4 = { o ¥ s o J o 1 {3
HENNAVUUTIUNURAIVOIWRIUFadIUNTENUadngaenu duiiiuveuad

a

g J A y = A = 3 < A A
navua I laluasoalumies Ngugh 4 esrusaiBod A2 1W159 14,000 x g 11uaar 5 i e
' A g J o Y A A ' v A &

sendviilluveurateenanabirad siimsialsnu Tisaunazaseg ludruiiluvounad
A09na 32915010 158U (BCA Protein assay) TaomuauifSeuieununsivTdsavinasgiu
& a Y 9 2o ' s Y = o a 7Y as

WenswdSmaanududuvesTlsaudednanaaduds 3911 1dAns1zid1e75 015000
TdsAudronszua liih nazasratudeueuduednednyon 1usdu 60 1¥u@InuNNa1IL

4 '
19dU WENINUHINITATITUTYYIUVUVA-UOAAY (beta-actin) 1o 15 Tun13A LI

SeuieudSuavesanyen 11sau 60 de'ld
a d a
mIazrimsadehieweviueans (TNF-alpha) Aenaiind lae1 (ELISA)

v o J 9 o Y = ~

nasnnmmInaaeuaduun laswiandd simsiadsmnavesnouevueanh
4 1 1 4 o o A o
ngnilaseeoninlue1115109radn109AATI9 TNF-alpha ELISA aufuuziivesuitn Iag

A vy a A v v . y v A Y
INADUIIUNQNAIGUOUAVDAAITY  (capture  antibody) AU UATIVIVNBWEWIDANIAIY
a A o ad J @
LEUAVBAAINGID (detection antibody), D£IAU-1OF¥OITH (Avidin-HRP) UAza130ga18sUTIAITN
(substrate solution) NPUIANAITAzAIBINENYALZN381 (stop solution) taziir e mmnmsganau
] H X Y

LENABIAT DI TUTUHANLUD 96 1) NANENIAAU 450 Az 570 W1 TUIWAT INUURIUIVUN
PnavesitewerueavhdremuSoufoununs i Tusauuasgriuinsvdsuaaiy

Yy 9
ISTENRTAN]
a d aa
NIFAIATISHININaDN

o a 4 an d‘ = 1 1 d' =Y
MMsAATIzENadANeISouNouaNuNA1NvoIA IR Ao Ye T unLan
wna lalasdua, dnvenldsau 60 uaz Heweitear @28 One — way ANOVA tazifSeuien
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