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EFFECT OF TUMOR NECROSIS FACTOR-« ON THE BONE METABOLISM

Sang-Sub Kim, Su-Jong Lee
Department of Conservative Dentistry, School of dentistry, Wonkwang University

Bone remodeling is characterized by the continuing processes of osteoblast-mediated bone formation and
osteoclast-mediated bone resorption. Bone metabolism is tightly regulated at the local level by networks of
hormones, cytokines, and other factors. In pathological conditions of bone remodeling, including osteoporo-
sis and periodontal diseases, inflammatory cytokines and local mediators are responsible for enhancement
of osteoclast resorption and inhibition of repair at the sites of bone resorption.

TNF-« is a pleiotropic hormone with actions on the differentiation, growth, and functional activities of
normal and malignant cells from numerous tissues. TNF-@ has been proposed as a local mediator of the
control of bone turnover in situations of chronic inflammation, and it has been assumed that the local
source of TNF-« is the monocyte in the adjacent bone marrow or the local circulation. TNF-2 is a potent
inducer of bone resorption. TNF-« is known to induce the activation of apoptotic signaling pathway, which
leads to the apoptosis of bone cells.

We demonstrated that treatment of murine osteoblastic MC3T3E1 cells with TNF-« decreases prolifera-
tion as well as alkaline phosphatase (ALP) activity in a dose depenent manner. In addition, TNF-
increases osteoclast-like cell formation in le, 25(0H)2D3 or PGE2-treated bone marrow cell culture. When
cells were cultured in TNF-« free e=MEM, this inhibitory effect of ALP activity was reversible up to 10
ng/ml TNF-¢, in contrast, at the 20 ng/ml TNF-¢, irreversible. In this concentration, TNF-¢ may induce
apoptosis in MC3T3E1 cells. In this study, TNF-« induces apoptosis resulting in chromosomal DNA frag-
mentation, preceded by JNK/SAPKs and caspase-3 activation. Our present results show that JNK/SAPKs
and caspase-3 are activated by TNF-«, suggesting that the JNK/SAPKs and caspase-3 participate in the
bone resorption, associated with apoptosis.
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[.M B A AR, 728 ZAJNAEY] TS wol 2-HT g

o 222 giAbe] Folste g E2A4Q) AAE 24E8HY

AZEZ2AE M33E A2 7137 o8 T/HY Ax BARA 328, ZAEY, Vitamin DY 2439 1
& X33 e E 23 0 2A gAY T % ASE a,25(0H)2Ds 5ol thate] B A7 B3t ghot 3
FETY YA 22 ool 7|Z (remodeling) 7} HHE: ZoE bone-derived growth factor, skeletal growth
' B zZot}, 249 AR MrE I factor, insulin-like growth factor I, transforming
F50] A HYo /sl ZIHE, FIAE L growth factor-8, platelet-derived growth factor & ¢1]
ATAEY 324, 3 % Aol 932 A= 92 7} A4AAET interleukin-6, tumor necrosis factor—
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(TNF-e) ¥ nitric oxide 5°] S22 oA 4, Fu|Ho]
H3iEo] o]E FAQAE0] HAg Al7ld] autocrine E
€ paracrine #-8-g E3lo] 32 At & 8.3 4
&3 nd Ao AR Y,

°]% TNF-a%= lipopolysaccharide4t phorbol-12-
myristate-13-acetate &<l 28] macrophagett mono-
cyte L 25E EHlEe W#EHQ proinflammatory
cytokineo]tF*?. TNF-o= AXE FYAEE JAAT) &=
G4 BAZ 49A IR, F2oe B AHEdA
TNF-«9] We|3 dgo] ZHswA, LA} G598
F8 WEAR o= vk TNF-eo] gEAH ¥
& 2ol olE A i 3 2L 4R 95
A FE ST Usid s of7|He o
Yol jo Wiy 7t Agk? Sx 2o FAAHE, A4l
g 3, A0l o RulEl 2y 39 S8 e A
7Aoo Agto A Flem itk B 2 e
TNF-27} human immunodeficiency virusel DNA 4|
& FAN713, SAIXE HolA] B5AQ] RNl = #o
Bl= Ao R HaHa 9o,

ZA XA TNF-o= /2 Fa3 2HAARA F
83 dgg 933l Sato 59 MC3T3E1 AXE
TNF-«Z A2]g-& 1 alkaline phosphatase 84L& 14
Ao ME F4 ot gagsiva Eagh bl vk
A2 59 © A3z A3 GFA] HAM o ot
T Y TNF-ad] o3 2IHE7}F Aot &35 @
of HIAANAQ /X E AFertn deA gioh,

®gk o2 Baox TNFes ZZM T 75 28 o
A &IHE Hol7] ujFol osteoporosise] HeAE E®, &
AZA] hypercalcemia, rheumatoid arthritisel $1eiA
periarticular bone lossol] #3sFM'™ 1,25(0H)2DsA=
o 9% gla protein (BGP)™® AAAA 2 ZIZAH ElA
BEA R o FEFF SAAZ LA IL-18 fElE &
Agcha S TH?. Thomson §9& ZFAE HjdYol
TNF-eZ #7lsle] wjokgt 2ZA) E-conditioned wi%F<]
= ZEAN X} gEA R FAu SN o] 8318E o
4 gl Bt FE5 0] RIS S Ry
TNF-a7} 2ZA X0 o3 FEA 2] EFF FE&& f=
thn Boahsic).

M E31A} (apoptosis)E plasma-membrane blebbing,
nuclear condensation, nucleosomal DNA fragmenta-
tiono 2 54 AYAE 449 HH oz 229 igd g
3 AR A E5249] down regulationol] 1o
N "5A Aoz dElA YT, Wright $22 924
Eo| AEuAE FFHEY 59 74 @ FFA o) ¢
038 93E 3l 7)% (bone remodeling) A3 = &
Fatkn Badk vl gt
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# T TNF-¢7} human leukemia cell line?! HL-60%
7} U937 M E ¥ murine fibrosarcoma cell line$!
L292%9t WEHI® A oA A E1A} DNA fragmen-
tationg op/1@ttn B B EnEe] 9o™ Alnemri
& MEAL Al 1070 01439 interleukin-18-con-
verting enzyme (ICE)¢ fAFE o] A|2H|Q1A Z2E]
ol E, & caspase £°| BdTI HAH W cas-
paseE9 AA A9 d&& s A ol
caspaseE°l W3 B 4AE & AF, CPP32/Yama,
22 Apopain® & W3l caspase-3°] AIX9 1A|A
o #odshs 93 caspaseEA 9] Geo] thFH L Utk
28 29)

c-Jun9 serine 63, 73 o}|iAtE QBT E c-Jun
N-terminal kinase (JNK) & stress-activated pro-
tein kinase (SAPK)¥ mitogen-activated protein
kinase (MAPK) familyell 43t o|&& o] A= & A
AR, Al EFIS], Tl A FAAAA, AL A
ToE BAslE o] A9 IAE wisitths Bt 9tk
330

2 d7dAe 28 4 7229 A 93 €57
HellA oz} AANZE o] Ff Y4 TNF-ar}
ZojAbe BlA e GES FAdA SFALE o] 43
ZAE YA Y, AT E31 2 9 A3 4E,
DNA fragmentation®l P& 93, caspase 84 &4,
JNK/SAPK &4dl vjx= &35 Rt

. dairiE 3

1. dEs=

o

AGFEZE AF 7 - 938 ICR "2 (Jackson
Lab, Bar Harbor, Me)& 915l A3 on 3y
gt FEASANA ARSI

2. Nt

TNF-2 (5x107 U/mg)& Genzyme Co. (Munich,
Germany) 258 1381329, Triton X-100, p-nitro-
phenylphosphate, p-nitrophenol % 2¥kzol A2E&
Sigma chemical Co. (St. Louis, Mo)ollA F+d3t3itt.,
In vitro kinase 4o B 2% anti-JNK/SAPK A=
Santa Cruz Co. (Santa Cruz, CA)ol*, ¢-Jun N-ter-
minal kinase assay kit Stratagenerlo]M, (y-32P)
ATPE Amersham Radiochemical Center (Amersham,
England)dlA F8te] AREstgich. Al 2ujdk] dag
EF52 Nunc Inc. (North Aurora Road, IL)oIA, 1~



arginine (84mg/L)°] &% alpha-minimal essential
medium (¢-MEM), Hank s Balanced salt solution
(HBSS), fetal bovine serum (FBS) 2 th& 22uj% A]
%=L Gibeo Co. (Gaithersberg, MD)olA 48kt

3. M|zzHHes

nhgA ZFAEFQ MC3TSELS ¥lFAI7]7] $14
10cm® Bl %dish doM 10% FBS$® penicillin (100
U/ml), streptomycin (100¢g/ml)& 3 e-MEMS
A 95% 719 5% CO7t FAEE 37C 327
ol A] ket

4. 9714 QMR EL YT 5T

MC3T3E1 A £& 0.5~1x105 cells/35mm dish %
2 ¥F3t9 10% FBS7} & e-MEMOZ w4 o5
TNF-e9] ¢714 Qata)lEs BA = (alkaline phos-
phatase)dl WA & Fg& #A7] Y] vl gdL
0.4% FBS7} € a-MEMo.2 w3l v TNFeZ #g
32 4 & YZTOE 31 1~20ng/ml TNF-eZ 3
71 2& AYFOR o], A% e-MEMOE 23 &
48217k F1t w3t

Hl%F% Dulbecco s phosphate buffered salinel.2 A
g 3t 308 B2t 0.1% Triton X-100/saline.Z A
21319 tt. Alkaline phosphatase &84S A%3l7] 4
AEHEFAE 37CAA 102 ¢ 100mM p-nitro-
phenylphosphate”} 3-#¥ 0.1M glycine-NaOH buffer
2 WA Z ), ¥8-4HE9) pnitrophenol® optical den-
sityx ELISA reader (SLT Lab instruments, SF)& ©]
€319 405 nmelA Z7 3kt

5. MZHE £

TNF-a7} MC3T3E1 MZAZ] A& &S #dst
7] $l8te] MC3TSE1 AI¥E 0.5~1x%105¢cells/35mm
disholl £5% ¥ ujdd b TNFeE A2sr] &2 &
< YRTCR 81 0.1~10ng/mle] TNF-e& A3 ¢
< AgTeg st Al 9V AEE WdE
Bl -S AAS L @& (monolayer) &2 12A T3
AZE trypsinizationAlH A EFE hemocytometerd

ol-g3lo] A&t
6. ZTM|Z Hi

Rheag dHZR SHe 2NN HAND F

o~

WS FEALE A oYt 2T AA, TF%
hya =
L

< 1 ml9 e MEMOZ HFH3le] SFAEE 2L T,
a-MEMO 2 23] AFste] 24 well plated] 3x10

cells/well ¥52 2F3%th. TNF<2 (10ng/ml)< 107
M 12,25(0H)2D3 3-& 10° M PGE29} Zo] x&-3} uj ok
o Aol Hrketglom 95% F719% 5% CO27t A4
£ 37C F&7loA vt

7. B mA|BEHY

Azt & 2ad A EE 10% < phosphate
buffered saline’dell 10% formalin®2 nA3sH e 17
%<t ethanol-acetone (50:50, vol/vol) -2 A3t}
AEE =2, 50mM sodium tartrate’dol A red violet
LB salt® 0.1M sodium acetate buffer® tartrate-
resistant acid phosphatase (TRAP)Z 43} 370
L 1 o] AlE Zsh= TRAP-YAAEE osteo-
clast-like THjA| 2 2 A|4=3151 ).

8. DNA fragmentation &4

MC3T3E1 AXZE 2x105 cells/60mm dish =& ¥
F F TNF-e2 A28l &2 g2, TNF= (10ng/ml)
A2, TNF-« (20ng/ml) g+, TNF-« (40ng/ml) A
o s FHate] At

DNA fragmentation %32 Maciejewski 52| ¥
o] F£3tod agarose gel A7|gFo2 EAMIFAT,
MC3T3E19] genomic DNAE Wizard TM Genomic
DNA purification kitE °©]&3t &5 A 3% v,
Ethanol & ¥ agarose gel® 747t lanecl A& Sugs
loading3te] 1.4% agarose, 50VelA 3A17F A7 5<%
2 A3t DNA¥E ethidium bromide® 94ate] UV.
illuminatordtell Al DNA fragmentationZ #2353t}

9. Caspase 48N =X

MC3T3E]l EMX #2894 caspase 12 39 S
S4317] 918 TNF-a (20ng/mDE A3 & 6AIE 12
Azt 18AIE, 24A17E, 30412 & MC3T3EL AXE 43
< MC3T3E1 (1x106 cells)& buffer (1% Triton X-
100, 0.32M sucrose, 5bmM EDTA, 1mM PMSF, 1#
g/m] aprotinin, 1#g/ml leupeptin, 2mM DTT, 10mM
Tris/HCl, pH 8.0)4l lysis A1Z1 3 15% &<t 20,000%
g® YAlEAFTE. MC3T3EL ME9 caspase-1-like
activity9} 3-like activity= assay buffer (100mM
Hepes, 10% sucrose, 0.1% chaps, pH 7.5, 1mM
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PMSF, 1#g/ml aprotinin, l#g/ml leupeptin, 1mM
dithiothreitol (DTT) 4rellAl 7-amino-4-coumarin
(AMC)-YVADS} 7-amino-4-coumarin (AMC)-DEVD
7149 #3lE SAstel AT MM excitation
#4-& 380nmol 2AHFH™ emmission FHFE
460nmz 233t

10. HYEN % Immunoblotting

F2H8 MC3T3E1 MExE HBSSE 4277 27 413
3 % 1ml9 lysis buffer (EB buffer: 1% Triton X-100,
10mM Tris, pH 7.6, 50mM NaCl, 0.1% bovine
serum albumin, 1% aprotinin, SmM EDTA, 60mM
NaF, 0.1% 2-mercaptoethanol, 5#M phenylarsine
oxide$} 100#M sodium orthovanadate) 2 *2}3lod
lysate® T & 12,000rpm, 4ColA 3083 A E 28
of MERFATE AU o] A X lysatesl anti-JNK
o} g (1pxg/sample) & F7kek 4C, G&ollA] 1547k
BAI th FA-¥Y 534 (immune complex) &
10% formalin-fixed staphylococcus aureus2 AHAIZ]
t}. In vitro kinase assay& H3te HIAHLAHNE sub-
strate B 32P-ATP% ¥H-gA1Z] F A A EFAE 1x
Laminin buffer® MHEAIAA 98T 5% < 5,
denaturerlAA SDS-PAGEE Al33}5itt. SDS-PAGE
2 geldel AL semi-dry electrotransfer system
(Alert Inc., Seattle, WA)Z nitrocellulose membrane
o transfer AlZ ™. Non-specific bindinge 5% skim
milkE blocking® § anti-JNK A& oA 2417
%o Wkg-A171 %ol alkaline phosphatased] Z$H¥ anti-
rabbit, &<} WE-AIAA colorimetric develope AIZATH.

11. In vitro JNK1 kinase assay

MC3T3E1 Al E lysateZHE 22 anti-JNK #9 3
A= EB bufferZ 3 ¥ A&g & PAN (0.1 M NaCl,
10 mM Pipes, 1% aprotinin) 2.2 2 Y4 Eelste] &
88 AAsAT}. 204 kinase reaction buffer (25mM
HEPES, pH 7.5, 10mM magnesium acetate, 50#M
ATP) AdEAZl INK HY JAAE 16Ci (-32P)
ATP, 149 GST-c-Jun¥} 4 30TColA 10 - 15% &<t
WAl & Fako] 2X Laminin buffer® 8-S FA|A]
7 98CAA 58 52 $8, denatureAlAX 10% SDS-
polyacrylamide geloll A71%9%% ¥ transfer® gel& 1
ZA#AA autoradiography % Phosphor Image Analyer
2 A8kl
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12, JNK % Ni~c~Jun chadzle] 22

ghis

pET156 cloning vectorell 4+94%€ JNK= BLZI (DES3)
expression vectordl] $4A 3o E. coli DH5x TFlA
transformation %t His-tagged JNK= [PTAY
oJaja Tl fEHAen -80TAA E. coli AlE3}
% Nickel affinity column® °o]&3te] ¥2j3litt.

13. EAIEA

AP A L 43) wEAY] Gt (X FAh ez XF
sglon 494 HAAL student s t-testE o] &8t AlF
3T

II. &lgznt

1. TNF-27} MC3T3E1 Mize| 47| olatetslm &
M 3 MEAF| olxle 4

o} 2239 MC3T3EL A £E TNF-« (0.1~
20ng/m)E AFAZ § 4714 ML G B
AEAAR vAe J¢g #2E A% TNF-e (1~
20ng/ml) Ag] 48A17F & G714 RIS BT
10, 20ng/ml F=AM FPUE ZAE BHT. 48431
B TNFoE A3 g S g A2 B4 g
doz wAste] 48417t o wiYet o V1A AAHES
4 YRS AEY A9 G QR Es g T}
TNF-¢ 10ng/mIZHA & 2T FEL2 JEHUG
(Table 1). ®3 TNF-a (0.1~10ng/ml) Al
MC3T3EL A xS o] A3t Zasts AFE RA 2
oI Aol FEHA] 34Tt (Table 2).

2. TNF-o7} ShEAE Y Yol alX= &

¢ A~ ZFAEE 3106 cells/well2 B3
TNF-¢ (10ng/ml)& 10" M 1e, 25(0OH)2Ds &< 10°
PGE29} Zo] 89 F<h vl et F tartrate-resistant acid
phosphatase (TRAP)Z |43t 37} £& 1 0|49 &
& ¥F3}e TRAP-YAHAEE osteoclast-like THIHE
2 &S (Fig. 1).

TNF-« (10ng/m]) 952 FZA X FAHd& Fgo| ¢l
= ¥ 12,25(0H)2Ds (10" M) &< PGE2 (10° M)$k
Zo] 8 B vildA] AT AZAE P& B
(Table 3, Fig. 1).
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Table 1. Effect of TNF-« on the act|V|ty of alkallne phosphatase in MC3T3E1 cells

TNF~0! concentratlon (ng/ml)

day’ 2 X
0 (Control) 10.6 * 0.9 10 6 +09
1 ng/ml 98+ 12 102 £ 0.6
10 ng/ml 6.4+ 0.7 99+09
20 ng/ml 3.1 +0.5" 24 +06

MC3T3E1 cells were cultured in the presence or absence of TNF-a for 48 h. Alkaline phosphatase activity was
quantified spectrophotometrically by using P-nitrophenyl phosphate (PNPP) as a substrate. After 2 days of cul-
ture, some of these cells treated with TNF-# were cultured again without TNF-a. On days 2 and 4, alkaline phos-
phatase was determined. One international unit of alkaline phosphatase activity was defined as the amount of
enzyme which catalysed the transformation of 1 #mol of PNPP per min at 37C. Data were expressed mean * s.e.

of four experiments. *Significantly different from control, *: P<0.05.

Table 2. Effect of TNF-a on cell growth of
MC3T3E1 cells.

Table 3. Effect of TNF-« on the generation of

" Treatment * Celbnumber (x106/dish)
Medium only 1.37 £ 0.03
TNF- 0.1ng/ml 141 £ 0.07
1.0ng/ml 1.29 + 0.08
10ng/ml 1.24 £ 0.07

MC3T3E1 (1x105) cells were plated into 35-mm

dishes. On the following day, medium was replaced
with 2 ml «MEM/FBS medium containing various
concentrations of TNF-a, On the 6th day of culture,
cell numbers were counted. Data were expressed
mean T s.e. of triplicate cultures for cell number.

3. TNF-a7} ojA ZZA|Z3F2l MC3T3ET2| DNA

fragmentationoll O|X|= Y&

MC3T3El Wz&F % TNF- (10ng/ml, 20ng/ml, 40
ng/mE 2417t A2|d o Fagn|Ho R AL
apoptosisE #&3F F (Fig. 2) AEE $H% & DNAE
Z23lo) 1.4% agarose A9 loadingdtel DNA frag-
mentations #A3 A7 )27 10ng/ml TNF-« A2
79 X¥ DNA fragmentationo] #&%#] &2 ¥ 20
ng/ml, 40ng/ml A4 = DNA fragmentatione] &
A8 AU (Fig. 3).

4. MC3T3E1 BjRA ZZEMZF0|A TNF-a =0l of
8t caspase B4

Fig. 4% TNF-a& 13 MC3T3E] ZZA X 2} 4%

osteociast—hke cells i in bone marrow ce

1T 1
1 +1
1¢,25(0H):D= (107 M) only 148 + 21

Medlum ohly ‘
TNF-¢ (10 ng/mL) only

PGE:z (10° M) only 88 £ 10
1¢,25(0H)2Ds + TNF-« 236 * 24*
PGE: + TNF« 168 + 13

Mouse bone marrow mononuclear cells (3X106
cells/well) were cultured for 8 days with 107 M of 1
a 25(0H)2Ds or 10° M of PGE2 and TNF-«
(10ng/ml). Cells were stained for TRAP and the
number of TRAP-positive multinucleated cells. Data
were represented mean =+ s.e. of 4 replicates.
*Significantly different from 1e,25(0H)2Ds or PGE2
alone. *: P{0.05. TRAP, tartrate-resistant acid phos-
phatase.

A 7]-A cysteine-protease caspase 3 activity7}
A YIS HolFa 9)om caspase 1 activity®h= F3&
FE FAO Bl . TNF-« A2 1847t F cas-
pase 3 activity7} 64 2715227 caspase 1 activitys
277 A9 Atel7t et (Fig. 4).

5. MC3T3E1 0jRA Z=ZMZF0M TNF-« X=0f| 2
8 UNKe| 248t

TNF-« (20ng/ml) 2=l 93t JNK 243171 &5
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TAE Rl 8t 2x 107789 HAEE «-MEM H1A]
(10% FBS $+f)°lA TNF-« (20ng/ml)<+ &4 0, 0.5,
1, 2,4, 6, 12, 247t B<t wiekslsitt. MC3T3E1 Al ¥
lysate= anti-JNK @2 AGAA & 1 7]2Q GST-
c-Jun N-terminus @94 9 y32P-ATP%} 1583t 30C
qA ¥H3- ¥ SDS-PAGE# c-Jun N-terminal @3
9] Q43 A= E autoradiogram o2 2% 31t}

JNK &4 %+ TNF-¢ (20ng/ml) A8l 30%4¢E et
w7 AlFste] 1Ak o] Huidd & B9 ohs 621z 7t
A Jepttry AA 8] adte 240 o) 223} &
A FdE BHT (Fig. b).

V.o #

24 At o7 7] HAE 2 48 2AAAE
o] #ost1 glom 53] 3aA -S| 22 4%
gz B & 5238 9L & AR AR o E
=2 QA #ek A7t ol o]FoA 3 Sl o]F
TNF-ew YA ZF /O TN F2 YAt =0
ol Ag ¥l FUEH* 29 interleukin-1 (IL-1)
3 3 $88 AFuAEHe-E 2EC? 28 “inflamma-
tory cytokine 9 A HLA nAE g g &
Fo Mgzt DA AA7L 3l WEL & (endotoxic
shock)®® ol At &Fuhg (graft-versus-host reac-
tion), AZFHYA S (autoimmune disease), rheumatic
arthritis, A< 4% 2 AF24 Fo2 A% A2F
24 T3 2ol A2 FHo] glo] Hole 9 7hA] gt
ol FFH LR Hogta §lgo] BRuHm e,

Sugarman & TNF-e7} ZFZA X wjF Ay Z
G4< JABtIL collagen #4# alkaline phosphatase
#d& JA i 891 Bertolini & WAEIA} AF
g AddA TNFw} & F5&5 742 Bt ohe
29 collagen #4<& AT Bug vt glon
Ishimi $% TNF-w} 388 &5 op|Edolgln B
23wt gl

3 Al ZFA oA YA TNF-o= 2FA4 L9
A& gAste 4%l oW Rubin 5°& o
TNF-aol] o3 2ZA X9 ATEGL dF AEaA} 7]
Holgtx Agtsle] TNF-a7} H]33A F7)z2o 583
QS FFIS AARE v} Qe

B4 F5o Hoste FH AEQ AIALI} 282
Aol EAste AFAEY] 3ol oa) YMdhe Ea®
7} g oldl, AdFN AN AEA L B #3} AT
£ Y3 2 AFAE} EAste SFulG Bl Bol A
BE AT 53] vl FFAE ML TE Fof v3
FZA L FAMES] AAo] 4l&3led de] o] §E 3 g}
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52-54)

HBA E AL AFAE] FY, E3 §89 o9
SAE E3 YA HH 02 o] TBEEI gl 2
AsojAle AR gHA YPP. o|F 1¢,25(0H)2Ds=
HEA XY ATA L £ §FE s AR ¢
HA glem® Akatsu §9& w2 EFAE YA
PGE24l| SiM = o2 £ FAMK 2] Ade S7HZ1T
3 B3 b} $le}, Tartrate-resistant acid phosphatase
(TRACP)= ©&l2| A 2ot th2] A 2olle EAHA] ¢ 3
FA LA EAsle AR dEA JFA XY FAFEL
A AMEE I )27 Baron 9L GFAE AFAEE
o] i FATEE e Bagh vt gt}

B A3 TNF-¢ (10ng/ml)7F FZH E-FAH £
Aol vA e Yk A uA vhpx EFAEE WY
ato] TNFeE @5 A2 35 43A XA E §4
o] #AHA ¥ W vitamin DY A F 1a,
25(0H)2D3 (10" M) &£ PGE2 (10° M) 9=AgA|
FZHE-FAAE PAJo] 148121, 88+1022 /I3t
Ao, 1¢,25(0H)2Ds (107 M) & PGE2 (10-6 M) A
2l& Fo TNF-2 (10 ng/mDE E&AH A la,
25(0H)z2Ds &2 PGE2 95Tl Hldl 236+24,
168+232.2 AT AZHI-FARE IS B2
. TNF« ©SX2A] FIAI-FAA T FAo] B2
A & v la, 25(0H)2D3 && PGE2¢ EAgA
FEAE-FAAE BE S7F 2 o] TNF-w7} 1
@, 25(0H)2D3 &2 PGE2¢l] 2|3+ d3AH E-FAH £ &
49 242 A e Ao 2 AZhdr

TNF-a7} vh¢-2 284 52 MC3T3EL Mx9] 4
B L= nH e JEgE FEE 27 TNFe 5% 9
EHoRE ZINE FAo] #Hrdte AFE HAoH
alkaline phosphatase 849 A3 ZAE #aAs5,

A E3A} (apoptosis) ] A F59] A3} AAE A
T o] FARES] T3] HE3IY, AX EAE
o] A& Wl olo] apoptosis®] EAAQ Feja W3
& Hole 553 3ol Apoptosis7t Yol M EE
FHo] A xEo gAlA2e 202 Q1% HHE A
o)X A] ka1 o}y,

o2}t apoptosis7} Yoiue M9 e Ay &
Aoze Axe ] AEY £3% d9 = DNAY
endonucleased 213 oligonucleosome229 E3? %
o] H31% 31 it}

TNF-¢= human leukemia cell line¢l HL-60%%}
U937%, murine fibrosarcoma cell line$l 1L920* %
WEHI61® 5 o8] LHEFEAETNA DNA fragmen-
tatione @ty 4 A ot

2 g TNF-a7} nt$2 2EAXFQ



MC3T3EL A28 AE3A} (apoptosis)ell PIAlE 93&
#@staal TNF-e (10, 20, 40ng/ml)E A glste] 244
T3 43R drji oz AE2aAE 393 o (TNF«
20, 40ng/mllA % #2H) DNA fragmentation ¥
g A3 TNF-« (20, 40ng/ml) |45t DNA fragmenta-
tions &}

A E1AL (apoptosis) Tl AlZHQIA ZRE|olAlE
o] Thkgt BEMEoA BAHJL o] EAES cas-
pase (cystein proteASE cleave after ASPatic acid)Z
THH EojA)a o,

Caspase®< AR AlzE<lo] 9lem apoptosis
Hgel A BAUE g Eo A= w2
(zymogen)E°|th, Caspase-1 (ICE)9] 7%, EA}o|
45 kDa2] &4 dee] @do] $FE (pro-domain)
o] AAS I A Tl YRl Hko] Hoji} p207}
pl0°] A3t heterotetramer FEl ((p20~p10)2)7F €
o] & YePH® T2 caspaseEE f4U EFHY
oA Acko] Jou} At}

d& €9, PARP (poly (ADP-ribose) polymerase)<]
73§ caspase=2, 3, 7, 99 98 AdEE HuHw 9o
548 caspaseE°| oy g AT TFe FHE 53
apoptosis® A Z] EEAYTA ] Y AAE Ao
= 9o,

Caspase®] AA WA &g FHPstnA; 2 o
caspaseE° th& knock-out mouseEE WHEL ©
43 AFE0] o]Fo)Z T} Caspase 12 ¢l AHE oA
Fe gy 284 T3 G £319 o] S BoFA
B3P caspase 371 §le AFAE LA A o
BAZ SAY AS 48T A7 F+E 2/ dojuA
%ot ol 7|7k A4S 2vjef o|23Y®. ol AnE
caspase 37} AAZ EHFEH XY TA] F83F cas-
pase® 9L & Ao 2 2893 caspase 39 93 Al
EIAbE AL BT Jd) FeErpAe 247]%
de & F A AF7A] FEAEY TALA Axle]
dojdrin Hnd @¥d 3 3F47L caspase 39 23
AQE = A o2 u)go] Kol caspase 39 apoptosis®] F
£ caspaseEMN 9| g &o] tFH 3 Y},

£ AgdM e TNF-ad] 93 nlg-2 ZEA T2
MC3T3E1 A ¥2] 1A}24 7)Aol caspase’} Toddter}
& #F37] A3k TNF« (20ng/m)E A2’ F 64
2k, 12A13F, 18A1%E, 24713F, 30417k ¥ caspase 13} 39
gGA-& AR A3 caspase 19 EAole Gdo| gle Wt
™ caspase 39 &4& MA3) F7lste 18 Azl A
g Holtrt 30zl R TH A WS Hof
MC3T3E1l ME3A} 249 caspase 37} 83 9%
2IeE FAsA T

2

]

it

=

o

JNK &2 SAPKE MAP kinase familyel 43},
JNK= JNK-activating kinase (JNKK!1 &£
SAPK/ERK kinase, SEK 2 MKK4Z Z#7)dl 2Ja)A]
olatz} 8 syl fedn JNKKI1S MEKKSZYRE
2487} o] Folt}, INK AZAGAE o A= & A
EZAAL, ALl E7RI, tumor promotors, T A
AAA, AHIA ZA L g AR 9] Ao fEd
o 243Hd INKe 229 HARIA}F (transcription fac-
tors) & c¢-Jun, ATF-2, E1K 2 Sap-1 59 848 A=
sk defA o INKS 84341715 JNKKY &
oE4 9 Yo SolalA wdE JNKKI1 tivkee] 23
o £¥she JNKK27F e ©]F JNKKS 7|4 Hel=
© 2 BalA oA otk A EuelA JNK 8493k 23}
© A EE apoptosisE WEAAl sHAL o}F] 1 7]F0] &
2217 @2 Jun 9&F AAF (Jun-dependent tran-
scription) 7} doluA] AlEe 715l 98E Fejgt 34
E].Tl. 9\}‘:]-68.69).

Jun NH2-terminal kinase (JNKS, SAPKS)+&
MAPK®] =2 AFA Al EFII, TNF-, UV 2AF &
heat shock 22 243x|7lo] H2 thakat A EollA &t
3] A, ERE I 9om*™ JNKE B 23 MAPKY &
AAe AARIAL Aste] FaTA 2 Q) 1 9l

MAPKs (ERK, p38% JNK) & JNK/SAPK7} tyoFet
AFEA TNF-eZ EAgE L HodFa glon
JNK/SAPK= c-Jun® NH2 ¥ transactivation
domain®] ¥X & Ser Z7] 633 73% <Aatsgow
transcription factor$l c-Jung E43A7tn 4HA
g}]\qﬁ&'ﬂ]z) .

Chan "<& mouse macrophage® JNK/SAPK9] iso-
form, p467 pb4 BT EASHA R TNF-a FojA] A8
o % p46 INK/SAPK isoforme EA3tA171-& B8] ar gl
2™ macrophagelA ¢ TNF-eZ 23 1Al7| 4 &
INK1 ©|&7 Z22 F9sich

2 oM TNF-« (20ng/ml)7} vh$-& ZZAEF
MC3T3E1 M EAA AEe] 1AL 2A7A Y #Adte
JNK/SAPKS] &4 A= 238 g 43 308%
B &40 Yehr] ARty A7k o] Hojgd S 1ol
Ty 6A1ZE71A] R T)rE A A 8] Zhaste] 2442 o
€ UE2TT AR e B

2 AF4RE FHE EH A2 I3 AFES
HollA AE TNF-a7} ZujAld] vX = 9S54
£ o] &3¢ HAZAZ-FAHE FA AP TNF« &
A2|A] FEAZ-AIIZY] FAo| HAFHA g v Z
EF7 2JEAY 1¢,25(0H)2D3 & PGE29} E33]2]A]
TNF-e7} 1¢,25(0H)2Ds -2 PGE2¢l| ©J3t o242
A ES] A S US o F7AE Bt o2l 234 L9

M M e

i
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M X312} (apoptosis) 71 & JNK/SAPK 84& £714]
73t FAll caspase 3 %"é & Z7lA# DNA fragmen-
tationg FLAIA ZIHF AEDALE oA uHdH
A FNZE oIt 2F4E Yot Algdr

V.24 B

2 dFdAe 22AuAL 2871H F8% 148 F
A91Ak91 tumor necrosis factor-«¢ (TNF-)7} ZtjA}o]
nAE 9FE dAeas TFALE o] &F FIA T-F
AR A Y, 2FAFY £33 2 Fd #3 4F,
DNA fragmentation®] P|Xl¥& %93, caspase 4= &
%, JNK/SAPK #4dl nX|& 4g& ddsle] oz 2
& AES A

ELE IS
o olxl=

1. TNF-7} MC3T3E1 M= 7|4 Qlit
A

M, caspase E4 24, INK 24 ¥ M=EA
qE

MC3T3E1 MEE TNF« A H714 A ah
o] fogt e BHom (P(0.05) caspase—l a4
de gl gle WA caspase-3 GFL FT F1E
B (P(0.05). %3 JNK 842 TNF-« x%al 3085
B Uehr] AlZtsle] 1417 Hdigde 29 oS 6
A 7R JepT 7 A A3 3HaEk 24417 ol
7 A G2 BT MC3TSE1A 9 A4 ‘lF
I AAdtE AYE B o oA &St

2. TNF-a7} TR2MZ-FAME ool 0|x|= gE

uh¢-2 EFAE W gl A TNF-« G52 A E A4
o 3ol gle W 1e,25(0H)2Ds (107 M) Z&
PGE2 (10° M)$t 2o] 8% &<t vl @AT o2AE
B0l BZHU (P£0.05).

3. TNF7} MC3T3E1 MZ2| DNA fragmentation
of o|xX|= P&

TNF-« (10 - 40ng/ml)E& A2sled AEE $H3 &
DNAE 3%3lo DNA fragmentations &3 A3
TNF-« (20ng/ml, 40ng/ml) A2]A] DNA fragmenta-
tione] A3 #AFATH
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TRAP-positive multinucleated cells formed in mouse bone marrow cells (X100). Mouse bone marrow
cells (3.0X105 cells/well) were plated together onto 4-well plates with 107 M of 1¢,25(0OH)2Ds for 8
days. Cells were then fixed and stained for TRAP. Nuclei located in the centre (arrows) and in the

periphery of the cells (arrowhead).
Apoptotic changes of cultured MC3T3E1 osteoblastic cells induced by TNF-a under phase contrast

microscope.

(A) Control, (B) TNF-2 10ng/ml

(C) TNF-2 20ng/ml, (D) TNF-2 40ng/ml.

Internucleosomal DNA cleavage in TNF-a-induced apoptosis of MC3T3E1 cells.

MC3T3E1 cells were stimulated with TNF-e for 24 hr and then collected. Cellular DNA was extracted
and resolved on agarose (1.2%) gels for DNA fragmentation.

M: Size marker, lane 1; control, lane 2; TNF-« (10ng/ml),

lane 3; TNF-« (20ng/ml), lane 4; TNF-2 (40ng/m!)

Effect of TNF- (20ng/ml) on caspase activity in MC3T3E1 osteoblastic cells.

Cells were incubated in the presence of 20ng/ml TNF-« for 6, 12, 18, 24 and 30 hr. Caspase activity
analysis of the samples at the times indicated was performed as described under “Experimental
Procedures’ .

Representative in vitro JNK phosphorylation assay in response to TNF-a (20ng/ml). For details of the
assay see the Materials and Methods section.

A’ Time course of densitometric changes in JNK activity quantified by computerized image analilsis of X-
ray films. Values are expressed relative to control.

B: Time course of TNF-¢ (20ng/ml) stimuli of JNK activation in MC3T3E1 cells. MC3T3E1 cells were
stimulated with TNF-a for 0.5, 1, 2, 4, 6, 12 or 24 hr.
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