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. .Effects of nitric oxide on the gelatinase/type IV
. collagenase act_iyi_ty_ of ostecclast—like cells.
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Nnrlc 0x|da {NO) and tha actnvated oxygnn specaes aTe some
of the locel factors that several recent studies have suggested
“toihave an sffect on bone resorption. NO I8 known to heve
functions in at least three systems, as a medator of
“bactericidal . effects I white  blood  cells,  as e
. endothelium—derived relaxing factor in blocd vessels, and as a
reurotransmitter I nervous  system. HD-11  cells, a
e transformed myefomonocytic cell line from chicken bone
mareow, i known to differentiate into cefls with osteoclastic
phenotype’ in vitro when induced. In this study, we- observed
the effect of nitric oxide on the gelatihase/type. IV colfagenase
activity, one of the phenotypical marker of osteoclasts using
HD~ 11 ¢ells. * Concantrated conditionsd” medium? obtained #rom
HD—11. cell: cumres. showed the gelatinolytic activity . of
anproximate moleoular waight B5--90 KDa, using zymography,
Gelatinolytic. activity was - also- cbserved in’ the conditioned
medium of ostecblastic celis, however, the molecular weight of
this enzyme is diferent from that of osteoclasts,. Gelatinase
activity was inhibited by MMP inhibitor such as EDTA, but not
by serine protease:inhibitor, PMSF- or’ cysteine ‘protease inhibitor,
E—84. Western blot analysis showed that osteoblast produced
gelatinase: A, while osteoclastic cells; produced both gelatinase A
and B. NO donors such as SNP, SNG, SNAP or SIN—1 inhibited
gelathase activity In the HD—11 cell conditicned media. Vit D,
_increased gefatihase activity, and NO  donors inhibited Vit
" Di-incced gefatinase activity in the HD—11" éells. Thess restlts
- showed. that nifric oxide cen inhbit osteoclast activity, and this
effect is at least partly expressed by the regulation of
gelatinase. - R R .
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FrE f7|2AT BoldY F5E olFoAE
HQl ey, o] F fride] Bl ws}
o] oA E B =Ete] ¢lon} ZTAE 2 s
A | ele] AEE o] FRHe PR Es
o] ejslo o] Follrti FEHTY. F2AFH Ho
3 EAES matrix  metalloprotemase(MMP) 2}
cystein protelnase® F 7HA| & thE T 4+ gl o MMP
AL ThA] interstitial collagenase, gelatinase
stromelysing 3784 8] Axdez e 4 .
%A Bad) Tojsie MMPEL 2508 HExA]
|2is) 3o Zofsie, dutdoz ol g MMPE
< A5 Bak(latent proenzyme) HE|Z freld
T O g4y pHe Hs o) we 248EE 35
e WA gt E2Ae] 714 Bl fio
o= o] g Raiase] v|Yal 8| #Haie]
OFFE B2 FEo| HER|A| 91 glon HT E¢
o]&)el &AL 0]9]9 gelatinase(type IV collagenase)
#AE 7hsAe] AziEe oo FHale]
I Y Gelatinases MMP 3o

“40}“— A IVE ndde] ¥
&, A VIE med 2
@ —L‘%‘_—'HE 2osle HiEsare o
79KDae] BAEE 7= gelatinase A} oF 92KDad]
TAFE e gelatmase Ba Ed. o] &
gelatinase AE F8 ASRA% "E LA E Foll A
A, BHEE ERAN T A9 2EA R} F2
gelatinase AS A &H= ¥ -ﬂr:'l*ﬁ ¥+ gelatinase
AP BSE 25§, ¥
ZA| Al gelatinaser} F8.%
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o] ALAE a} 2le,

A AAA 9 Z2ad 2R AR,
Cytolﬁneso teFdt 24 Ed ol 24& Pon o]
o HF W dATEe] JIYE| gt HZ 2o YA
312 A (nitric oxide, NOY7} od8] ZA oA tjekdt 7
& Uehlle =EEAZ 58 o|F F2H A
glo] dAbapd 4] “Q‘ﬂ] g Arh 4% Ags
i glom®9, 1 J—} Aaldart B4 Ee 7%
& A5l EEFE Ao TheAle] dan &2F
A 2| & °éf%‘f‘9 l T &o] HreA v

2 A Alg® HD—11 A ¥3E myelomonoeytic
A EF2H vitamin Dy HElA] & tartrate—resistant
acid phosphatase(TRAPY #2428 doju}, TRAP(+)
_\;}-:sn)\ﬁ EE z'sé]}d f',-]. 31, superoxide—e— A 3}:11 Mo}
Ae] superficial excavationg ¥o7|v F olf 7}2]
BEAEY BAE Role AEFR o AX
subcloning@ 79~ EREAE] glo)k APEH o D}ﬁﬂ
*ﬂéf_ﬁ A% = 9l epithelioid/multinuclear(EM)

ypeol M| EF7) BTN EHARKZY b ZHT 5
AL vedot, & d7e daaAxe AdE 2dn

© HD~11 AxFE ol&slq HZH T &4
‘3121% datsbd 4ol e TrEskaAl slelem, 1
A AR ddadsrt dEAEERE feEs
gelatinase/type IV collagenase®] 4o} w)xj= g7}
g dopiax) Al sl

IL B-ATE 3

1 HZ 8 M ZH

—_—

TE 98l FEAE fFAMEEN HD-11
31]3}5—:’;5-2 AM-B1E o, SEA| el ZEA A A
AEe @4 AolHg Yolry] sl W R
TS A&EL Hlsle] Beld 23 ET 9 v}
LA A E M EFS MCIT3-EISE vindo
2 A HD-11 Al E5+= 10% fetal bovine
serum(FBS, Gikeo)el A7k Dulbecco’s Modified
Fagle’s Medium and Ham's Nutrient Mixture F—12
(DMEM/F—12, 1:1 mixture, Biowhittaker)2 wjo}s
gou|, W exke] FAHA Beld Az ¥
MC3T3—E1 M| 10% FBS7E 37k DMEM ol

132 CHEMAIRIQIAIEISIAL RIS724 K22 1990.

%9 (Gibco) 2.2 A ¥ s& Algeidict. 7 AXsS
A7 et A g BlHAl B8 24-well
culture plated] EF3jo] Ao AMESNET). YR2TL
2 840 WIHA Be A0 A A8
, dgEemt dsad KAE 243 43
A 2b#ha 2 donorgl sodium nitroprusside(SNP),
s—nitrosoglutathion(SNG), s—nitroso—N—
acetylpenicillamine(SNAP) Ee 3—-
morpholinosydnonimine(SIN—1)& 100 #Me] w7}
S EF Hdriste] sfodaigich. Y5 2¥de hu3
Q&g %784 1,25—dihydroxy vit. Do) &7}
2 dolr7y] 93l vit. DyE 1073 Me] 2 H7lst
o F¢low, HD-11 MEzHRee] dusidhs 44
ghal 9i3lE LolRy] ¢sled nitric oxide synthase
(NOS) «dA41#)¢] L--N®-Nitroarginine methyl esier
(NAME, Biomo)E 1 mMyE=2 Hrlsie] ujoksis]
t}, Zymography ¥ western blot analysis& 8] €3
o] M)A e Ao WG chy SAT EE
A4A 7 Todgds ol o|E filler concentrator
(Centricon™, molecular weight cut—off 30,000,
Amicon) & o] &5l oF BHIARE EFHAI7 F ¥
AREER ). wickdiile) Gadyo] ofmdh B
Ao 2l AAEErHE goirr] $lsted HD-11
AEF 8 2EAEe WS Rl FET v o
E5 MMP 9AlAIel EDTA (Sigma Chemical Co.),
serine protease 2JAf#)|¢] phenylmethyl sulfonylfluoride
(PMSF, Sigma Chemical Co.), cysteine protease 94|
A¢! E—-64(Boehringer Mannheim)$2 3774 14]
&3t Whg-A1Zl F zymographyel] o] 88191t}

£

2. Zymography
(Substrate—gel electrophoresis)

Z4Zke) okl g Hol FEE Uy oS F9Y
2X sample bufferz E%8 & non—reducing A8 &2
1 mg/mle] gelatine] 7t 10% SDS—PAGE gel
(Zymogram gel, Novex)o] mini—gel electrophoresis
system(Xcell Mini—Cell, Novex)-& o] &-&le] 7|4 %
& AFEign) A719%e 25 mA/gele] 270 o
9087t Mgl or 431 gelatinase?] #3}%
& oelry| 9she] FAEF 6,500—200,0009] pre—

stained molecular weight  standard(Kaleidoscope



prestained standard, BioRad)& 7| %A)¢] &) o]
Bolnt. 719 %0l B & gelle] SDSE 4143}
7} #8l renaturing buffer(0.25% triton X—100)%
3084 23] 413 £ developing buffer(50 mM Tris—
HC, pH 83, 0.2 M NaCl, 6.7 mM CaCl, 2 0.02%
Brij 35)2 37CA < 16417t AX incubations}¥
th 3 F gelg 05% Coomassie brilliant hlue R250¢
2 oF 4587 A8 The destainingdle] FA vl
Flel FEBA Ltk gelatinolytic WEE B3l
t}.

3. Western blot analysis

Z2tel wodolg 1o} AU the 10% SDS—
PAGE gel(Novex)}& o8&l #7)9% & AlElsd
gl A7IYEE semi—dry transfer unit(TE 70
Semiphor™, Hoefer)& o]£8}e] PVDF membrane
(Miihpore)el} blottingZ A|3) 3191, 8F—gelatinase A
2 B 3 {from Dr. Philip Stashenko)& o] &3}
mmuncblot  analysis®  Algsigch AlRE d—
gelatinase A2+ proenzyme  region  EE
prosnzyme cleavage site@l 18—20 amino acid® 7
F %F2| 3—human —gelatinase A FH|(Ab 31
2 Ab 45)¢} 18719 aminc acid2HE YIE -
mouse &F—gelatinase B A& AM&slych. PVDR
membrane®  blocking  buffere] <@ 16A|7HE9F
incubationdt & 12} 3| (primary antibody) 2 45%-
Zh ¥heA17) T blocking buffer® 23] A 2819109,
1 3 biotinylated 23} 84 (second antibody) 2 30%-
7k Wh2A)7] & ohA] blocking bufferz 23 A28k
t}, viAEte 8 Avidx—AP conjugate®} 2087} Wk
A7l & alkaline phosphatase  7]2&¢l  CSPD
chemiluminescent substrate(Tropix )& 7Fsla
chemluminescenceZ ©F 2087t X—ray EEo] %2
A7 ke 228 Faksle] gelatinolytic W=
o,

Il 94 A%

i
N 0
X%

Zymography 2 gelatinase 4]
1 AZFE ket A v g
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90 KDa¢] gelatinase E4de] =y, 1 EAlEE=
F712A| A 9] aminopheny! mercuricacetate( APMA)
of &jsle] FrlEATFg 1). 3 H giAztE B
2|t A Et ) upg 2EN ¥ MC3T3—EL 4
EFE YT B E dGiolA gelatinase E4
o] B oY 2 B HD-11 AEFe aje}
o4 uoliA ERIE gelatinases] #AlE= 2e]7} ¢l
och(Fig 1). ol2jgt wiile] gelatin Fal| 24
MMP  dAAIQl EDTA¢] <sled=  dA=9lon)
serine  protease  AAQl PMSF  EE  cysteme
protease A A E—64%] 2sloiz G w4
ool o]#dt  FAEAo|  gelatinase/type IV
collagenased] 23] yEhbe= Aoz AzME kg 2).
Zizre wjeke i EAlsle gelatinaseE E913)1Y)
218l 371 9] gelatinase 34 & ]88} western blot
analysisg Aldslgen, 2 A3 I ENA FE
= gelatinase= 8-—gelatinase A 841¢) Ab 4595t
ghe-sigl o), HD-11 AlEse] wjofe)e Ab 45 @
g-gelatinase B ¥ o= 84S Jehlo] 224
E+ gelatinase ARHE ARt HD-11 Al E£F+
gelatinase A%t B R5E A4 2 #vjshe Aog &
Z5tH(Fig 3).

HD—11 Al %E vkl dalslda donor &
2% SNP, SNG, SNAP % SIN-12 #7438 4%
B Fahde] gelatinase VAT 25 dA|Eglon &
& vit. D2 AEE 28 A1) gelatinased] FAo
F71E R0 dakgld s donorER | Al A
vit. Dyel] 2Jaf F71 gelatinased) & J4kshda
donor £ ofsle] A|= g LIERNSIEHFig 4).
A NOS 974419l NAMEE HD—11 A Z3zsE
W45 gelatinase 9] #4de] JFL m|HA Falg)
tHFig 4).
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ol =l
. &2 4 74
A9 328 YAl Qo) 2] Fro 94

< g8k ddse] ¢lom (coupling phenomenon)
ZEANE U oREM 2 ofsle] AAEE oy BAE
o] coupling process® Z2sh=d £33 7158 @
s loeiehn 44ud. of 49H TzAdAE
ek BHE d13 A7t dalEe] stony AN
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2 R oz} ANA 9 Fa2F 7RIz}
o} cytokineZol vidt A77} FHHsIA o] FA
gt HT £o] ol EAE oldd TxHMEY
ol A e A AAE]= ol reactive oxygen Species
(ROS) H=+= reactive nitrogen species(RNS)EL E2
2 Akl Fagh AEe gPsin o-do] YN W
Aer oo gt A7} PEYEA A= Sl
gt A {El S free radicel gasgs 1) AT
olxle] g, 2) EddA o] a3 2y, 3) A
AA XA AAAEEE 75 T2 UEME Fe
2 gelA dor Tele B FRe] AEsh 4t
Aol g wa Ui A Ae nitric
oxide synthase(NOS)zh= FA9| #d]| ¢]dle] L—
arginine 0. 27 FA= FRAd e ookt d%e
uebdc), dakaldse] FRAH Eof| thek HEe 4
WA Hd oM A77} FEa glon ROSee
g2l TETE gAY 7ol AAE A &, o
Atald A donorq] SNPof ¢f3le] slEAxe] 540
A2H 10, 22 A7) % organ culture}A] dAks}
Aro g dRlske A EFT7F T/ B
g up gln.

XAUAE d7sked 7Pg 2 oels B sy

a

B2 Fo] HTNEE 7t ofyE B op
23 AT E e M E BT EY A XS
d7] gEvied ek £ 239 A" HD-11
AZFE e IFERY HEE v-me
transformed myelomonocytic cell lineo 2 ZZAhA}
of ot A¥g Idehe vitamin Dse] +EA & ZH
2 o o] AJE7} vitamin DyE AAE £ 9lgo]
LA Qo9 B o] A TRAP—A o8l
AEE A% <= 9lom phorbol myrystate acetate
(PMA) AHejA] NBT reductiong ¢eZ ¥qt oz}
A ] g GUFEA A 12180 thsfe] <
A uEple,  Aotd W] superficial
excavation® Uo7 5 AIH L] E4& 2 9
v A EFeo|t) o]2|% HD—11 AIXEE subcloning®h
A4S sparujgslel A ZA 371K Bel, § 1) A
T E S (fibroblast—lke cell, F type) 2) HEA|
T Pl (round type, R type) 3) FAFAE 9 o3
A3 3l (epithelioid/multinucleated type, EM type)
Fow ol Holth(Hsia%, 1996). ] & EM type

i o ol
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o HEe] AS o2 Axd usle TRAP 24=71
744 Eokow, vitamin DE T} 2E S22 A2 §lo]
T B 4o RN EE P4 Ho] Bdue] dITAE
o ATAEE ¥gsln gle AXEFEN F2A X
et of2] A3 fdaiA o842 & dozizt A7t
Hoph, B dAFes g3 ie] J¥rds HD-11 A
TFE o 43lo] o] MR v]Ae dasidi] JF
£ Hasiagl son AT #4¢ Jeile A
T30 gligl gelatinaseE 1 7)5o 2 AMREI9TE

HD-11 AEFE vidste ¢ i J=
gelatinase”} 218 & zymography PHeE HIP
£ glgjon] Fae Rajeke o 85-90 KDaol9ir)
(Fig. 1). ZZHE ez gk oAl
gelatinase E4do] &ATo] ZFMELE gelatinased
24, BH12 4 ka7 7 $ARe HD-11
AE=3E AR s 23} Aol7h 9ol Z2AL} 5}
EHEE MR O He9] gelatinaseE A5 A
oz Z2drh T3 o|#dl geatinase FAEE
PMSF 3 E—649] slali 914 ko) MWP
A4 EDTAC] SJalaet SAlHgem (Fig. 2), o
= HD-11 ME¥EF2HH fEHe gelatinoytic
activity7} serine protease =+ cystene protease’ o]
obd gelatinase/type IV collagenaseq] & AJA}eh= 2
e} Azt

22N TS SBAT P FESE gelatiases]
28 wHsy] Hsid 4 jddE 3%Re -
gelatinase 3}4| & o|R-3}o] western blot analysisE- A]
Peiglon 1 A 29 37 Aok AR e 2
ZF9| Bgelatinase A 3 (Ab 31 % Ab 45)29} 1
279] 8 gelatinase B &Fo]glon] 2ZAE o
@o Ab 4609} -34S vield vkl HD—11 A%
9] oyl e Ab 45 2 F-gelatinase B 87 25
whEAdE vehlo] ZEH X gelatinase A, FEA|E
E gelatinase A 9 B 2FE AL AE + 3
FeiEig 3).

HD—11 A|¥3:2] gelatinase 4] mjaE dAika
Aae] YT 3] Hghe] Ax G datstd
4 donorg] SNP, SNG, SNAP, SIN—-15-& 100 #M
9] s AHrjsld djokst & 2 v 2ol &
A7) O U3 WHO R zymography & AJ3 ST
Agd AME daalE A donors 25 gelatinased]



2L dAlstE e vit. Dol ofsl] Z7HE gelatinase
B4EE dAeke Ao YETHFig 4).

olde| AHATE Fe YA re FEAE
o] 84& ATz x4 dAlFAd FoqE 7}
o] 9lor] A% HEAC 2= pelatinase FAZ
o] 1. 7|del dde] 2 Aoz F=dch ey

APMA+MOB
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Fig 1. Zymogram of concentrated conditioned media ob-
tained from HD—11 cells, primary ostecblastic celis
from fetal chicken calvaria(COB), and MC373—E1
cells{MOB), Concentrated media was resolved in
10% zymogram gel containing 1 mg/ml gelatin
after incubation with or without aminoghenyl me-
reuricacetate(APMA).  Numerals  are  molecular
weight standard.
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Fig 3. Western blot analysis of concentrated conditioned
media, After bloting, PVDF membrane was probed
with anti—gelatinase A antibody{Ab 31 ; group |,
Ab 45 ; group NI} or anti—gelatinase B antibody
{group 1), Lane 1, biotinylated molecular weight
standard ; lane 2, HD~11 cells ; lane 3, chicken
osteablastic cells ; lane 4, MC3T3—ET cells.
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NOw= superoxide®} Zgsle] 722 e AE 54
peroxynitrite® FAE § 9lor™?, o
ROSE 1 AA4ado] Mz dAl=o] glof 7
o A Eol gk AHT e 9] 9
= AEFR] A7t Lasleg Aladh

i of mm

GRS
mn to ro

s}

s

Fig 2. Effects of PMSF, E—64 and EDTA on the gelatin-
ase activity of conditioned media, Concentrated
conditioned media was incubated with or without
PMSF, E—64 end EDTA for 1 fir at 37°C and reso-
lved in zymogram gel, Lane 1, HD—11 cells ; lane
2, chicken osteoblastic cells ; lane 3, MC3T3—-E1
cells.

Fig 4 Effects of NO donors on the gelatinase activity of
HD~11 cell culture, HD—11 cells were cultured
with NO donors in the presence or absence of 10
"8 M vit. Dy for 48 hrs. Concentrated conditioned
media was resclved by a zymogram gel containing
img/ml  gelatin., SNP ;  sodium  nitroprusside,
SNAP ;. s—nitroso—N-acetylpenicillaming, SNG ; s
—nitrosoghstathion, SIN—1 . 3—morphclinosydnoni-
ming, vit. D; ; 126—dhydroxycholecalciferol. Bands
containing gelatinalytic activity show up as a celar
zone(<==).
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S HD-11 "ﬁ:“i-rﬁ-rﬂ *@*6]5]}{— geatmase &
al/s}g}me J5ke BskITh Gelatinase
7] %1813 zymography HH& o] gE%lL
™ Wl °o]:°—‘$l—H-4 gelatirolytic activity7} MMP  &IA|A,
sarine protease LA T cysteine protease AAAH] 5
o oldle] dA|¥=71E wlwaldal, HD-11 Ax5F 9
ZEA X YA A gelatinase?| EHIE 3552
Bl—gelatinase A& ©]8-3} western blot analysisE &
Blod oigjoic). g HD—11 A5 v 9fA] okl o
o] AL donorEF vit. DhE RV 3 W gelyg)
gelatinase/type IV collagenase 894e] W3le &40
24 )B4 2)3 gelatinase B WELE HE3|G 0 ©f
28 A8E Foio thed 2 EHE durtk

Jud

1. Zymography WH-& o] &3l HD-11 *1! IFE
B g W feld gelatinolytic HEE
F aglon 1 BAHE o 85—-90 KDaO] k]
AL ] °ok°’*‘°ﬂf\1‘: gelatinolytic W=7} #HEs
Slovt I EAERE v2A AR

2. AAEAEE MMP AAA] Q1 EDTAS 2ot oA
Heiem  serine protease YAl PMSIL}
cysteine protease A4l E—64%0l 2jslod= 4
e Wk giTh

3. Western blot analysis A3} 24| ¥+ gelatinase
An]-.g_ Agzl-]zrlo] 3,].21-5]9\101,} HD—11 A]]__y; ]

£ pelatinase A 2 B 25E AASE 29l 4=
%i%i‘ﬂr

4. A2t A donorEQl SNP, SNG, SNAP, SIN-1

= 25 HD—11 A|EFoA] AAEE gelatinase?]

g

i“}i ru"" -IE

848 oA SH A vit. Dy gelatinase B4 & 7}
AFou Z7bE gelatinase BA1L d4MEE A
donor£] jsle] B5 =it

olie] 2FE S8 disdAe 2E5TE 9

Asle gt o HAF FEHeRs a3
T4 gelatinase/type IV collagenasee] 4343
x4 ¢ o9 2 EHE vehdtal 550,

136 CHBERILIINERIA] MI37= K2z 1999.

i
AjEd

@ 1, Vaes G. Celluler biclogy and biochemical ‘mechanism of
hone resorption. A review of recent developments on the
formation, activation, and mode of action of osteocTasts Clin
Orthop Rel Res 1988;231:239.

w2 2, Wooley DE. Memmafien collagerase. In Extrace!ular matrix
biochemistry. edited by Piez KA. and Reddi AH. Elservier, New
York, 1984,119 157,

=2 3, Murphy G, Reynolds JJ. Extracellular matrix degradation.
In Connective tissue and its heritable disordars, edited by Rocye,
PM. and Steinmann B. Wiley—Liss, New York, 1993;287--316.

zz 4, Sellers A, Reynolds JJ, Mekle MC. Neutral
metalloproteinases of rabbit bone. Separation in latent form of
distinct enzymes that when activated degrade coflagen, gelatin
and proteoglycan. Biochem J 1978;171:493.

w5, Wucherpfennig AL, Li Y, Stetler —Stevenson WG, et al
Expression of 92D type IV collagenase/gelatingse B in human
osteoclast. J Bone Min Res 1994;9:549.

w8, Maclntyre <, Zaidi M, Alam ASMT, et al. Osteoclastic
inhibition © An action of nitric oxida not meduated bv cyclic GMP,
Proc Nati Acad Sci USA 1591;88: 2935, k

#% 7. Kesten TP, Colin—Osdoby P, Patel N, et al. Potentiation
of osteoclast bone—resorption activity by inhibition of nitric
cxide synthase. Proc Natl Acad Sci USA 1994;81:3569.

= B, Brandi ML, Hukkanen M, Umeda T, et al. Bidrectional
requlation of “ostecclast : function by - nitric oxide synthase
isoforms, Proc Natl Acad Sci USA 1995;92:2854.

&g, Evans DM, Ralst n"'SH NLtnc oxade #nd Bene. J Bene Min
Res 1996;11:300, 00

&% 10. Darmoulis PD, Hauschka, PV Cytokmes mduce nitric oxide
preduction in mouse osteoblasts. Biochem Biophys Res Commun
1984:201:924. .

=R Greenwcﬂd RA, Rifkins BR. Reactive nxygen spemes as
potenitial iediators of ostecclast action. in Biology and
physiology of the pstenclast. edited by Rifkin BR. and Gay CV.
Acaderic Press, New York, 1986;315—335,

12, Sakuma |, Stuehr DJ, Gross SS, et al. identification of
arginine as a precursor of endothelium~derived relaxing
factor (EDRF ). Proc Natl Acad Sct USA 1988;85:664.

w4 13, Moncada S, Paimer RMJ, HMiggs EA. Nitric oxids :
Physiology, pathaphysiclogy, and pharmacolegy. Pharmacal Rev
1991;43:109.

14, Beug H, von Kirchbach A, Dodarlein G, et al. Chicken
hermatopoietic cells transformed by seven strains of defective
avian leukemia viruses display three distinct phenotypes of
differentiation. Cell 1979;18:375.

o 15, Adams JS, Beeker TG, Hongo T, Clemens TL.
Constitutive expression of wvitamin D 1-hycdroxylase in a
myelomonocytic cell fine @ A model for studying 1,25—dhydroxy
vitamin D proguction in vitro. J Bene Min Res 1590,571256.

== 16, - Shany S, Ren SY, Arbelle JE, et 8. Subceliufar
localization and partial purification of the 25-hydroxy vitamin D3
i~hydroxylation reaction in the chick mye!omonbt;ytic cell line
HB—11. J Bone ‘Min Res 1993:8:26%.

w77, Hsia Y, Kim JK, Damoufis P, Hauschka PV Osteoclastic
properties. of - clonal HD-11 -cells .are regdsted . by
1.25(0H)2—vitamin D3. J Bone Min Res 1995,10(8upp§. 1):5424,
=z g, Blough NV, Zsfiriou OC. Reaction of superoxide with
ritric oxide to form -peroxynitrite in alkaline -agueous sclution.
Inorg Chem 1985;24:3502. .

w2 19, Beckman JS, Beckman TW, Chen J et sl Apparent
hydroxyl radical production by peroxynitrite © Implications for
endothelial injury from nitric oxide and superoxide. Proc Nat
Acad Sci USA 1990;87:1620.




