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Nitric oxide (NO) is a labile, uncharged, reactive radical
that functions as a sensitive mediator of intercellular
communication in diverse tissues. It has been reported that
NO is produced by osteoblast and these results may suggest
that NO is integrally involved in the regulation of osteoclast
formation and osteoclast resorption activity by osteoblastic
cells. We examined the effect of cytokines on NO release by
mouse bone marrow cell. We also examined the effects of
cytokines and sodium nitroprusside (SNP) on the formation
of osteoclast-like cell from mouse bone marrow cells in
culture. Cytokines stimulated NO production of mouse
bone marrow cells, and N-nitro-L-arginine methyl ester, a
specific inhibitor of NO synthase, suppressed the cytokine-
induced NO production. SNP showed dual action in the
generation of osteoclasts. The addition of 30 uM SNP
inhibited the formation of tartrate resistant acid phosphatase
(TRAP)(+) multinucleated cell, whereas lower concentration
(3 uM) of SNP enhanced it. Although the precise action of
NO remains to be elucidated in detail, the action of NO in
osteoclast generation in our studies seems to be associated,
at least in part, with bone metabolism and bone patho-
physiology.

Key words : IL-1B, TNF-a, IFN-y, NO, osteoclast

*Corresponding author: Seon-Yle Ko, Dept. of Oral Bioche-
mistry, School of Dentistry, Dankook University, San 29-1,
Anseo-dong, Cheonan, Choongnam, Korea. 330-716, Tel.. +82-
41-550-1934; Fax.: +82-41-552-7648; e-mail: syko@dku.edu

F2A e QA B Fret PAo] AlEle] dolvke
Z/MZ (bone remodeling)’} A=, FAA ] T2t
758 AAFHo e TEE o3le], FAHoRE &
2=l 3, A=zt w cytokine Foll 23} u]AsHA
ZAE} (Raisz, 1988). 53] Az AAzat
B Al sEAEee] Eskaby Fob o]#dk cytokine
o] 93 k& o38kS W=t (Mundy £+ Roodman, 1987).

SRR EE Fe] "R T ASY] AZEy
B felska, o] REAATA Ty AR 3hE S
ah2olx] A A EEo] A= o] tElA g FAs] Y
3] -§3t=la (Scheven 5, 1986), =% F3icth. v
shlz e e spEA 22 A<se ol macrophage
colony-stimulating factor (M-CSF)?} receptor activator
of nuclear factor-kB ligand (RANKL)$} & 5 7}A|
EAo) g&3)o] A= (Suda 5, 1992; Anderson 5,
1997), osteoprotegerin (OPG)ll &JaiA zhzAl22] 44
o] x}=rElth (Romas 5, 2002). Erhe<5 (osteoporosis),
FzAY Paget ¥, TolEls FAAT} 224 o] A
o] (bone metastasis) 5°| Lojvte 7 FFA2 &
A F77h et

24314 radicale] nitric oxide (NOy= Al&aAe} Al
A azla wWaAe] AlsAdgEdggel A2 9
7 d@Ele) Qb (Lowensteint Snyder, 1992). NOE
bibo 2 Alzebe A Foste] AE-S veld ¥ of
gt Q1R Alzdlel Edsle] vepdl 7es AT £
2 oA 9t} (Ignarro, 1990). NO© NADPH ¢
29 nitric oxide synthase (NOS)l 23} 4=
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o, 2 W1E 2 glo] A1 2R A4 &
As HepiA Hoh NOAA> BiAAZ (Hibbs 5,
1988), %71 (McCall 5, 1989), L7 Z (Nicholson
5, 1993), 7 E (Nussler 5, 1992), 34| % (Palmer
%, 1992)8} FFAEZ (Punjabi 5, 1992)¢} 7S tiek
Qb Azel] o8] AAEE, 22T ofs] AR
Hux 9k (Lowik 5, 1994). NO2| 282 guanylate
cyclase®] #Adol] 2E3)7|= 3}, nitroxylater} wh#A
o AR A3tsle] 2g-2 Uepiri= 35} (Barman, 2005).
=3 NOE 714l Zol4] RANKL/OPG H|&-S 744
7|+ 245 sb (Fan 5, 2004; Cohen, 2006), 7|4
A<l strainol] 2j3ted 7FPAEelA NOSH FAA+ W
o] $7kslel NO Aol Frhdrta e wh glet
(Rubin 5, 2003).

e 739 NOSw oA ZolA] interleukin-1B (IL-1B),
tumor necrosis factor-o. (TNF-o), interferon-y (IFN-y)e}
lipopolysaccharide (LPSY5-3 72 oJ2] 954 A5l £
3 f=dcty 9d3A 9lom (Nussler 5, 1992), %3}
o5 Aol oz <AxEE &I AT AF NOY F
Ao AT AsHe Busldct (Ding 5, 1988). IL-
1pT AT, HAA gt 22l gk vk
AL T shiela ikt 715-F 7t (Tatakis, 1993).
IL-1BE =i W& s=oid sl3Aze 84E F43]1
TE5E 28k cytokine® 2 U#iA 9lom (Dewhirst
=, 1985), 1,25-dihydroxyvitamin D, (1,25[OH],D,)¢} 3+
A FFAE iR oA P4e FA e 2R
A ok, F2 Az} dalTellA FAEE 1Y
Al TNF-ov 7FJAE  (Hofbauer, 1999), T
(Cenci &, 2000), BJ=}+ (Kanematsu -5, 2000) %
A Z 225 (Collin-Osdoby &, 2001) RANKL®S| -3
A FA%eEH Ao FEAze] YA A%
the B, Fob Agke] 7hgAlzE e M-CSFe| A
A& ER8te Bl (Srivastava 5, 200177} e b
1, RANK AlZARAA F5Hoz spgAze] A4
& EA%TE B3 (Azuma 5, 2000; Kobayashi -5,
20007} A+t

NO7} Aol shAze] 45 dAldde B
3.9} (Maclntyre 5, 1991), arginine &3 NO #4374
Z (arginine-dependent NO pathway)’} ZFA|E (Lowik
%, 1993)9} S}FAE (Kasten 5, 1994)l EA)3lcha
Bug wb ok £ dTeldE NOY o573, NOSe|
AA|A 2 IL-1B, TNF-o,, IFN-y2} 22 cytokineS A}
§3le] Pk BHAEA NOS AHE FEsheA
QIHEL, AHE NOZH spBAlZe] HAdol ofofen] =
At} NO7F Bz e Toiae) 243 B
ol 7)%5E TR PolumA sgich,

(o]

MgNE ¥ gy

PEER T

npe2 TR 2E 2] s 795 H 84 vy
A5 ARgAc = FYA F EIF 7
o7 AZsfa AdzxAS AAsG e AEe| e 2
Thel 326G FARIS o] 83k E B 57l a-
minimum essential medium (a-MEM, Gibco) 1mlE
AMe FAEl] TFAZLE 2 £ 10% FBS7F 23
H o-MEMell 2217k A ket F v FEA 25 2ot
10% FBS7} 235 o-MEMOS-E 24-well plateo]] 1-2X
10°cells/welle] ==& 253l AFA7E wlF3liet.
o] AzE IFAXE BT F v FIFAHAEZ HTA
z9} 98 T gAEE sk vkw oA,
7247} wiekslE E9F 10nM 1,25[0H],Dy7} 23R phenol
red-free a-MEMO. . wjofol-S- w3lkgk 3 NOS| 3of&
7] sodium nitroprusside (SNP), NOS <JAA| = 4
29| cytokineS 23] Azlslod wjokalgict. ko] Erd
3 okl 2 G2l nitrited] S IR, IF
A ze) B3 ARl $sle] AIEE 143} tartrate-
resistant acid phosphatase (TRAP) 9A41-& AJ3}ict.

NO A% &34

NOYAERS AXE 297 wlofshe §<t SNP, NOS
AAA o o7 cytokineS 23] Hzldled wiokgl & i
okl 2 f-2]% nitrite (NO,)2 S8kt 96-well
reading platee] 100 ple] AlZul|ofol (phenol red-free)?
E2k2| Griess €9 (1% sulfanilamide, 0.1% naphthyl-
ethylene-diamine-dihydrochloride, 2.5% phosphoric acid)
S B33 & ARolA 1583 HESAIFE. Nitrited] &
T sodium nitrited =x-9l A FEE whs FT
248 o]g3lo] microplate reader (SLT 400 SFC, SLT
Labinstruments, Austriays AF&3le] 530 nmell4 ®]AA
#F3odct.

TRAP =3 58 7] A

uhe-A FLAILY slEAzEe] 3E AAlelr] #et
o] TRAP 24318t AL Alsidet. & 2] wljoko]
i T owljoflg AASL ik EAYEe (D-PBS,
pH 7, Gibco)Z Al F citrate-acetone -formaldehyde
gollog szl uAslg, 37°C FHRTE AHET F
tartrate-resistant acid phosphatase kit (Sigma)e ©]-&-3}
o] TRAP %42 9%

TRAP <42 7]l naphthol AS-BI phosphate
(Sigma), ¥F-AHEe] GAA|Q] fast garnet GBC baset
7 mM9] tartrate buffer (pH 5, Sigmay’} L acetate
buffer (pH 5, Sigma)Z 37°CollA 147} WbSAIA &4
24 Axlsksi



Cytokine Effect on NO Production and OC Generation 69

AU Aze Feru|AAel] BAsl] 37 o]k
S 7315 TRAP %ol thla| L] 45 A3},

Cytokineol 2] 8] =% NO A Aol v+ NOS ¢
A A B

w92 FFAZ okl NOS AAA7F o2 cytokine
of o8] F==l NOo| Aol vixlw FE A 9
3l 10 mM®] N-nitro-L-arginine methyl ester (NAME)
£ ookt =39 cytokine?} I ATz 28] A3}
Aot NAMES A7FehA] 9 7H749] cytokines s
o2 AzE 75 2Tl wis] 1ng/mie) IL-1psk 500
Umié] IFN-y ¢ 7% NO9| -felake] F71skA] $oke
=, 20 ng/ml®] TNF-a®] 7% vhzgol wls] o4l
= 37 JEliiet. =3 cytokines B3 A3 7
$ 2 IL-1B®} TNF-o, TNF-o®t IFN-y 22]3 IL-1,
TNF-oot IFN-y& 2% X3 7% dizgo] = )
FAHZ N0 Fef=ke] Al F7k=gich. 2
B3k A A4S 2T INF-oF sH5oz A3 4%
of mls} Folgk AelE ellA Eskt} (Fig. 1).

10 mM2] NAME®} 7H7te] cytokines Ae|dh 79,
cytokinee 55 A3t 7o} H3F Aeg A¢ 2F
NAMEE AzlohA] ¢k 739l wlsl NO9| ko] 7h4
o, s 2 Awe NO a3 vehyr}
(Fig. 1).

SEA XL E3of v]A € NO TAEASY 9%
IFAZ A FEsP] st vhs EAEE
eFetE A TNF-of A 2fstglom, TNF-ooll 93 f=
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Fig. 1. Effect of cytokine and NAME on the nitric oxide produc-
tion in culture of mouse bone marrow cell (C: control, I: Ing/ml
IL-1pB, T: 20 ng/ml TNF-c, F: 500 U/ml IFN-y)

The mouse bone marrow cells were plated at a density of 1-2x
10° cells/well in a 24-well plate and cultured for 7 days in the pres-
ence of 10 nM 1,25[OH],D; and various concentrations of cytok-
ines. After culturing, nitrite, a stable end-product of NO was
measured by spectrophotometric method using Griess reagent. The
data represent a mean & S.E. of 5 experiments. *: P<0.05
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Fig. 2. Effect of SNP on the TNF-a-induced TRAP (+) MNCs for-
mation in culture of mouse bone marrow cells.

The mouse bone marrow cells were plated at a density of 1-2x
10° cells/well in a 24-well plate and cultured for 7 days in the pres-
ence of 20 ng/ml TNF-a. and various concentrations of SNP. After
culturing, nitrite, a stable end-product of NO was measured by
spectro-photometric method using Griess reagent and the TRAP
(+) multinucleated cells containing three or more nuclei were
counted as osteoclasts. The data represent a mean £ S.E. of 5
experiments. *: P<0.05, **: P<0.01.

g sl 2] E3lo] v]XE NO FoiE4 Gae 2
Asl7) 913ke] TNF-o2t 3 o8] 5= SNPE A2
3ol wjekslelct. 5ng/mle] TNF-o5 w502 A3t
j=72] 74$- TRAP o4 R 27 FA=glem 3 uM
o] SNPE A3 7 Hxvol vs] TRAP 4 =
Azel 47+ @A F7bEek 22 SNPY FES
Z71X7 A2lg A$ TRAP of4 d&dAzy 471 7
43kgler] 100 uMe] SNPE A3 7% TRAP 44
A 27t PAEA @uet (Fig. 2).

NO 4 A3 TRAP ¥4 AL Ao uA &
cytokine2] < ¥

up A FA TS woksl A cytokineo] NO2 A4
3} TRAP o4 olaiAlze] Aol w|x= Jge A3
§7] $13lod 1,25[0H],D,2 sFEAIZe] AAE F=33
owm  1,25[0H],D; &4 slll TNF-a9} IFN-yE &5
32 ofe] Fxe 53 Ausi] vickat § wlokiuE
25 NO9| ok 2433 TRAP G945 At A
TNF-o% 23} 7% NO| felge] szl wlsl
JAYE S/ eRlsic

TNF-05 5502 AHz|g 79 TRAP ok chelAlZ
o] 4L vzl vl TR, IFNy & 52
2 AHyg A% d4% gas depisich =3
cytokines oJ2] Fx2 53 Mg A¢ 25 TNF-a
2 tEog Agl 7ol vis] TRAP 4 HAAZ
9 7 71k en 53 TNF-o2k 5 U/mie] IFN-y&
B3 Aelgl A% @At FHE e (Fig. 3).

22|y cytokineoll 23 R EFAE] NO9| A
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Fig. 3. Effect of cytokines on the nitric oxide production and
1,25[OH],D;-induced TRAP (+) MNCs formation in culture of
mouse bone marrow cells. (C: control, T: 20 ng/ml TNF-a, F: 5,
50,250, 500 U/ml IFN-y)

The mouse bone marrow cells were plated at a density of 1-2 %
10° cells/well in a 24-well plate and cultured for 7 days in the
presence of 10nM 1,25[OH],D, and various concentrations of
cytokines. After culturing, nitrite, a stable end-product of NO was
measured by spectrophotometric method using Griess reagent and
the TRAP (+) multinucleated cells containing three or more nuclei
were counted as osteoclasts. The data represent a mean + S.E. of 5
experiments.

47 TRAP %4 chldze] ¥4 Aol Feigh of
A% 2 4 3,

[t

1

FEAEY] IAELR d2Hl TRAPS: IfFAEzH
g 3=l f2]=+ lysosomal acid hydrolase®] sl
|t} (Minkin, 1982). & AgollM= w2 FAEe
e A5 TEAE fANEZE E9lE] sle] TRAP
A AALE Al 3rt.

T NOE Z=FA|Ze AFAZe 98] A=z, o}
A 2ol NO/NOSAIZ} EAlsh w}FA2e] 54+ &
AL 7 AR deix ot FxA3) gy
NO¢| &g A=, Maclntyre 5 (1991)2 30 pMe]
NO$2} NO F4524¢l SNP9} 3-morpholino-sydnonimine
(SIN-1)e] 2j¥l 315 slzAlze AzAd A4S 704
AlA Ao FFF 2L AT B asiglon,
Howard (1985)= t2l®l ¥ IAIZol4 NOol 23
cGMP7} S7k=le] PTHel 3] =% 455 A%
ot ¥ a3ledet. =31 Stern?} Diamond (1992 SNP
7} PTHe} 1,25[0H],Doll 8l F=% vl$-2 Foate]
TEE GARXZ 9, 712Ael E2EE AJAlsRE
Zaldrtal ®wdlgrh. Kasten 5 (1994)2 SNP7L &
HFA Lo &g FFFE ASHY, NOS dAAQ
NAMEZ}F 23 slaAlze] 48 Z77S w18y
ot Lowik 5 (1994)y2 =l mlgx AFE o] 83 4

o
oft
2

ollA NO7L FZAEe] Aol miAE s M3
9lew, TNF-a, IFN-y¢} LPSE E3t A3t 7%
9] cko] FrlE|H, w}A|Zol| 97 FTFSTE YA
PR P

B Aol e vs FFAE oA TNF-oF 5
o2 A 7 NOg AAEke] S7isislen, IL-18
9} TNF-a, TNF-a2} IFN-y Z8]i IL-1B, TNF-a¢}
IFN-yS 2% A3 7% NO A &4 59&
el ovt TNF-oF o502 A3t 75} vlas] 54
2 A TR @tk o]’ A= cytokine?]
53 A7t o5 Ao =ls] NO e Fr] a9
o2 fedlvhes thE A% (Nussler 5, 1992; Punjabi
= 1992; Stefanovic-Racic %, 1993; Nicholson %,
19933 AATFA] Qsket. o|#dt EAIEe] NO A4
2 5 7R Al odirka gAY 2 she
AFe] Ca F59 w3l s ZH== constitutive
NOS| &ZAwlslel] ot Zolx, B+E shie 954
cytokines Z3sle o7 Al =F¥ sEAZY
inducible NOS®] W&lo] H3lol| o3t Ae& odefr] glrt
(Collin-Osdoby 5, 1995; Van't Hof2} Ralston, 2001). <
AgellA 10 mMe] NAMEE A7lsted wjokgt 73-9- NO
o] o] HATA adlorm g cytokineol o3l #
% NO= NOS2| Aol of3l] AA=le AR ofAxI

Zaidi 5 (1993y2 2124 WAzl o3 =
NOs} 3315 oxygend] AE2-2-o] paracrine®E
&S ety wuslglon], =3l kAl Ee] inducible
NOS7} EA3le2 NOT A2 545 243=
autocrine®2¢] AYE & Aoz ofARL rt

NO A4S SAAF|=IL-18% TNF-o2t 22 954
cytokine 743 &&4 FAAol7|= 3}t (Gowen
%, 1983; Bertolini 5, 1986; Kwak &, 2005). ©|2]3k
IHolA & o) NO7|F 3575 32 7eAds A4t
Sk Qlet. =R} vhes FoHE A7 e (organ culture)
A IL-13} TNF-a7} NO A4S £34)7|2 NOS A
Al L-N°-monomethyl arginineo]l 2]3+ NO2| A4 o
A7t FEAow FF5E JARFe] Had = gl
(Ralston &, 1993). °]&|dt ZA3} NOw =F59 4
T A Ao BT JefT Flog AztEw, g}FAl
ol 93] A" NO7L vhE Fd JFE sEgse 2
I% o=@ (Freeman, 1994) NO”| superoxide?} 3t
Ao r ZAglsle]l F v ASEI 7 7] free
radical24 2hg3led 7] zlajo Hoiste|zl o AR
wlzbd] NO7} free radicals Ao =4 23 F& v}
A Aoz A7

b A wioke AP TNF-o5-5<l w3 NO
AL Hasia shEAlxe] P4 FkEed, NO
A3 A A7 e FEg AKX RolAl Uk
o}, =8k SNP& 788k NOg Fod=da ds# 3o

o,
o %
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=2 ALY P4 Aol SNPE AMEaIS) o
7 & A7 30 umel SNP—— A7H} 75 TRAP
A A E FAle] AAlEgen P FE (3 uM)
2] SNPE TRAP 4 oAzl 4o F7l=|gl
22y SREAE] Ealol]l iRk SNPY Al i £
Esfoll Melshe 7 FE BaA o

A ADBALY BAE Zaper] A 3
AAE NO7F AHA o m of3ke u|xEx|o] dsii=
obx wakElA sieh. 2eh} shEALe TEE BAL
Z718 NO7LF AAlsk= v, 2k4% NOS %}*é% A2
«1 s A7 A Ugie}dn} (Collin-Osdoby
%, 1995). & ATl cytokineS A&l NO2| A
Azt Az Fste] dAE Folstaal shglont
cytokine> Al ZjollA] =i thekdl 7158 7RI gle
B2 2 AP} Ba8s) welAAE sk debd A4
Hq NO®| FE4E B 2 FwA e A
Astelor & Aoz A,

£ A7 Z# proinflammatory cytokineSo] wh$-2
TAZL NO S FA7)n=, slEA o] s
A" NO7L 38 24¢€ 2431 B424 928 3
2let ARG =g HZ 5= NO7L oz ==
o8 =" FFFE JAse i AE=e Novk IL-
1goll ool =% TFFE F7M7e] 2ud vl 9l
(Ralston &, 1995). o|213F A3+= TNF-a2} NO%o] =
aFeg FUbEe Fulee #Ag 2L 94 24
A3kl Fobae] Wels sl $83 Asio] YS
Aox A7d 4 Qlot. webi] o)t FbeAlE T
T Q& A3 AF mrlo) 8= F2AY 4] NO
o o ‘I‘ifﬂ T8kl Asia ASA
8% Aoz AzkE).

o2 i

ol A7} 4

&

o
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