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Abstract (J Korean Assoc Oral Maxillofac Surg 2010:36:341-5)
Evaluation of osteogenic activity of periosteal-derived cells treated with inflammatory cytokines

Bong-Wook Park*?, Mun-Jeoung Choi*?, Young-Sool Hah® Hee-Young Cho?®, Deok Ryong Kim?*,
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University Hospital, *"Department of Biochemistry, School of Medicine and Institute of Health Sciences, Gyeongsang National University,
Jinju, Korea, *Department of Oral and Maxillofacial Surgery, School of Dentistry, Pusan National University, Yangsan, Korea
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Introduction: Skeletal homeostasis is normally maintained by the stability between bone formation by osteoblasts and bone resorption by osteo
clasts. However, the correlation between the inflammatory reaction and osteoblastic differentiation of cultured osteopetigédwitonot been fully
investigated. This study examined the effects of inflammatory cytokines on the osteoblastic differentiation of culturedrusteat-gerived cells.

Materials and Methods: Periosteal-derived cells were obtained from the mandibular periosteum and introduced into the cell culture. After passage
3, the periosteal-derived cells were further cultured in an osteogenic induction Dighecclified Eagles medium (DMEM) medium containing
dexamethasone, ascorbic acid, gmglycerophosphate. In this culture medium, tumor necrosis factor (@Mit) different concentrations (0.1, 1,

and 10 ng/mL) or interleukin (IL)Awith different concentrations (0.01, 0.1, and 1 ng/mL) were added.

Results: Both TNF« and IL-18 stimulated alkaline phosphatase (ALP) expression in the periosteal-derived celle.afiNAL-18 increased the

level of ALP expression in a dose-dependent manner. BothaThifid IL-18 also increased the level of alizarin red S staining in a dose-dependent
manner during osteoblastic differentiation of cultured human periosteal-derived cells.

Conclusion: These results suggest that inflammatory cytokines #Ndnd IL-13 can stimulate the osteoblastic activity of cultured human
periosteal-derived cells.

Key words: Periosteal-derived cells, Inflammatory cytokine, Tumor necrosis fa¢fiiF-a), Interleukin-B (IL-15)
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Fig. 1. ALP expression in the periosteal-derived cells treated
with TNF-a at 3 days of culture. A. No treatment of TNF-a.
B. Treatment of 0.1 ng/mL TNF-a. C. Treatment of 1
ng/mL TNF-a. D. Treatment of 10 ng/mL TNF-a.

(ALP: alkaline phosphatase, TNF: tumor necrosis factor)
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Fig. 2. ALP expression in the periosteal-derived cells treated
with IL-18 at 3 days of culture. A. Treatment of 0.01 ng/mL
IL-18. B. Treatment of 0.1 ng/mL IL-18. C. Treatment of 1
ng/mL IL-18.

(ALP: alkaline phosphatase, IL: interleukin)
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Fig. 3. Alizarin red S staining for mineralized nodule forma-
tion in periosteal-derived cells treated with 0.1, 1, and 10
ng/mL TNF-@ or 0.01, 0.1, and 1 ng/mL IL-18.

(TNF: tumor necrosis factor, IL: interleukin, OM-: non-osteogenic
induction medium, OM+ osteogenic induction medium)
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Fig. 4. Quantification of alizarin red S in periosteal-derived
cells treated with 0.1, 1, and 10 ng/mL TNF-@ or 0.01, 0.1,
and 1 ng/mL IL-18.

(TNF: tumor necrosis factor, IL: interleukin, OM-; non-
osteogenic induction medium, OM+: osteogenic induction
medium)

dn @ 2
=W
o

oF M M i)

B2
X
o

(E oo > e x

&9 kls
(spondyloarthropathies} 7+& &FwlE] A
2ol 22718 JEATIE B
olgg e vejstd o
e A94E hed £ 5
TFollME ZHPAES ©
229 2ol ox
o} IL-18E 4 439E 72
AE G vl A e
TNF-a$} IL-18+ o) % 3
A BAR fAE A3 3
3ith TNFe= TNFE & Frlg 234 d 5
A3}HE T A ZE o]_L]ﬂ. H o) 0243].1;]]/\1/(1]_]_
- ah A Z (synoviocytes)s ol /\1 Ti Eu g o] & 4
SolA GZA T B ﬂﬂﬂﬂﬁoiﬁ&°u
receptor activator of nuclear factorB (RANK) 2] 23 &
AAA 2548 BB Dok £ TNFE 2329

o
o,

e =
PO

o

2

do oy =

l oL l"\l
S~
e
o
frt
N
—-—
2
)
0%
oldh
=2

o
>
>,
o
=
[
o
p‘L
&
r}u: E=)
[H )

32 of\

dto] 2AFAE] 2=
A Alol EFFQlCl TNF-a
AEZE 233l )
= Al—ﬁ%ioh;].
A A

=

of
£

L
BN g
M o{N

AE

o '|—‘
)
o

—

N

Ao EF 02 S
stel 1 9BL 43

En&

Sﬁzur
—{o
H mlruO

o2,

A

& qu " e

344

=

mx

F AT 2 AAAME ZIAEZEY F3 A X
AA 2] 715 & Al et AR dEA ok A o AF
AN A= TNF7F &Zbe] A Iabia] &40 A|18 Z2Hl §
1S oA 3t osteocalcin MRNA] W& & A& stcty &
HA gkt |L-12 A3 (superfamily2 IL-1a, IL-18, ¥
IL-1 receptor antagonist (IL-1R&) o] Fo] & QI IL-1a%}
IL-LE7E S Soll 2ol i Aol £7k¢lel e IL-IRa
£ lL-la IR 4o Afete S R s
AL AT ABL ATk ol F 1P HAAE,
A frobAl = D 4=x] A A X (dendritic cells)—01 A W 5] o]
oA v o e, Al E2F 2, M2 2 A EANE 3
o] A H A Eo A T3t 7] 5ol 401 Fia=
TAFAE] 7| AA Zol N AR 3534
oA o]k Aol EFIQI Y] B HE AFG £ ATl A
TNF-a¢} IL-18 5% &4zkg Al QAli s g s o dAS
7FA 71 2 alizarin red S Z7)d AL 2AA T =
RO Z Yetyth &4 A AR a0 E A Eo A
A= 9 g (ectoenzymel, F71A 1 Z QA (inor-
ganic pyrophosphate) i#3j o] #ojste] 714 &2 9]
Q4 Ee 7714 JEQAMNEY F44 FUHE o F
A dte 982 St It o R ZIA X #3) 27
of 1 &A4o] FElste] 7] A X Bo] BAAE &
HA dol & "E—?Oﬂ/ﬂ—‘: W 3YA o o] BHS HF
Rl a4 o] Bl AEsto =
3] IL-1 /?-E— ﬂﬂé}‘ﬁ% 735 1 3do] FElstA St
H =714 ot s
Zlﬂuﬂl EHHP H7HE A& st 7Hd Bol Abg-st
< von kossa¥d Al o] 1} alizarin red Sg A ¥l o] t},
o Al = alizarin red SH4 & &3 A 3]std =714
E v oF 14 5 of] A8 519t} Alizarin red S& A
sl dente dslsE 2718 I ZEAE
G FEAY ALY HE FALL s
T UAT T FEol theto] A kst g ruy ol
O o Jge Jrpggol & F JoEE B AT
+ alizarin red SH F3} = Al sto] Zu7] LA 29
Azze) Bakogo] TNF-ash IL-185 583 79,
];ﬂ "o‘ﬂ}do] _:_z]Eh:]_l: 7—]_‘ _;,]-;d—o]. q_ q_?_}’ TNF-a
7%= 10 ng/mLe] TNF-e2 A2 3t9< 747}, IL-18
4+ 01222 1 ngimLe IL-185 A28k i< 7§T,
alizarin red S%¥A Z 712 ¢ 28138 =712 <354
AT vy g Adnks Al 7ﬂ°l‘/} EE‘
ZNAMEGE ZHATFAEY Z2A 229 F353g A
HSA Al EFLAI Y] &
S APl EFIS

SRR EL
2

m

Om [‘lr O_L4

—

re o f
o2

oX,
O:

s

ot

oft
= %

)

wk > o ofe
i ot

N

. 10 1o Al BN 2 oft O i oo oft rfr r|r r alo Jn Ok
m

4457 B8acu
E o 7)efst
2798 A4 B £ 92 40T 449 B A7)
@@ stel o9l 717 % oje) 1A et Aol EFbel 9] A
$o) B F7H4 ) @27k Surslof ok F Aoluh.



v.d £
74ty W] 22993 E BE 32 o] 5t 7.

oF A3t -] 2] 8] 24 o A 5x 20 mme] =k
S A Hste] 1) vl ek 2 AU el kS A A 513 passage &
g

o)
A28t 711 0.01, 01,728 7 1 ngimLe] IL-18S A 2] 8} <]
G4 = A 14 FoF vl g ¥, e 22

L e)y Qargel Eae] $H e TNFah IL18E A
DS A¢ 1WA ZAS BAAAL L
PP FEATH 4TS G gon, 55 IL-16
g AUHRE AF YUY AUEAELY Bl
Fg 5 H2H T

2. Alizarin red SofA 2713

F-au} IL-18E A 2] &}

™
Ae 45 FalaA #FFEH A= TNFeo] 739+ 10 12.
e

ng/mLe] TNF-e«Z A &39S A$71 IL-189 72 $+=
0.1 7813 1 ng/mLe] IL-185 A2 aH S 2%, 1 &

sopgol FHHA 53 1ngimlel IL-168 Helsk 13
3

A= A7k 7Hd Rl

Yeny 9ok,

Q)

lizarin red SekA] Z712 &

References

15.

1. Saidenberg-KermandtN, Corrado A, Lemeiter D, deVernejoul
MC, Boissier MC, Cohen-Solal ME. TNF-alpha antibodies and

osteoprotegerin decrease systemic bone loss associated with int6.

flammation through distinct mechanisms in collagen-induced
arthritis. Bone 2004,35:1200-7.
2. Yamamoto K, Yoshino S, Shue G, Nagashima M. Inhibitory ef-

fect of bone resorption and inflammation with etidronate therapy 17.

in patients with rheumatoid arthritis for 3 years amgitro assay

in arthritis models. Rheumatol Int 2006;26:627-32. 18.

3. Suzuki Y, Aoki K, Saito H, Umeda M, Nitta H, Baron®,al A
tumor necrosis factor-alpha antagonist inhibits inflammatory

bone resorption induced by Porphyromonas gingivalis infection 19.

in mice. J Periodontal Res 2006;41:81-91.
4. Benatti BB, Silveo KG, Casati MZ, Sallum EA, Nociti FH Jr.

Inflammatory and bone-related genes are modulated by aging in20.

human periodontal ligament cells. Cytokine 2009;46:176-81.
5. Walsh NC, Crotti TN, Goldring SR, Gravallese EM. Rheumatic

diseases: the effects of inflammation on bone. Immunol Rev 21.

2005;208:228-51.
6. Ammann P, Rizzoli R, Bonjour JP, Bourrin S, Meyer JM,

2 Zoh7) QA Zel 0.1, 1,28 3 10 ng/mLe] TNF-aZ 8.

14.

SYWIAMES] =ZHEZS| 22T FEY A0|EFf2Ie) 23

Vassalli P,et al. Transgenic mice expressing soluble tumor
necrosis factor-receptor are protected against bone loss caused by
estrogen deficiency. J Clin Invest 1997;99:1699-703.

Lorenzo JA, Naprta A, Rao Y, Alander C, Glaccum M, Widmer
M, et al Mice lacking the type | interleukin-1 receptor do not
lose bone mass after ovariectomy. Endocrinology 1998;139:
3022-5.

Gilbert L, He X, Farmer P, Rubin J, Drissi H, van Wijnen &tJ,

al. Expression of the osteoblast differentiation factor RUNX2
(Cbfal/AML3/Pebp2alpha A) is inhibited by tumor necrosis fac-
tor-alpha. J Biol Chem 2002;277:2695-701.

Doherty TM, Asotra K, Fitzpatrick LA, Qiao JH, Wilkin DJ,
Detrano RCegt al Calcification in atherosclerosis: bone biology
and chronic inflammation at the arterial crossroads. Proc Natl
Acad Sci U S A 2003;100:11201-6.

Weinstein RS, Nicholas RW, Manolagas SC. Apoptosis of osteo-
cytes in glucocorticoid-induced osteonecrosis of the hip. J Clin
Endocrinol Metab 2000;85:2907-12.

Mikami Y, Omoteyama K, Kato S, Takagi M. Inductive effects
of dexamethasone on the mineralization and the osteoblastic gene
expressions in mature osteoblast-like ROS17/2.8 cells. Biochem
Biophys Res Commun 2007;362:368-73.

Park BW, Byun JH, Lee SG, Hah YS, Kim DR, Cho ¥Cal
Evaluation of osteogenic activity and mineralization of cultured
human periosteal-derived cells. J Korean Assoc Maxillofac Plast
Reconstr Surg 2006;28:511-9.

Park BW, Byun JH, Ryu YM, Hah YS, Kim DR, Cho Y&,al
Correlation between vascular endothelial growth factor signaling
and mineralization during osteoblastic differentiation of cultured
human periosteal-derived cells. J Korean Assoc Maxillofac Plast
Reconstr Surg 2007;29:197-205.

Walsh NC, Gravallese EM. Bone remodeling in rheumatic dis-
ease: a question of balance. Immunol Rev 2010;233:301-12.

Li YP, Stashenko P. Proinflammatory cytokines tumor necrosis
factor-alpha and IL-6, but not IL-1, down-regulate the osteocal-
cin gene promoter. J Immunol 1992;148:788-94.

Panagakos FS, Hinojosa LP, Kumar S. Formation and mineral-
ization of extracellular matrix secreted by an immortal human os-
teoblastic cell line: modulation by tumor necrosis factor-alpha.
Inflammation 1994;18:267-84.

Nanes MS. Tumor necrosis factor-alpha: molecular and cellular
mechanisms in skeletal pathology. Gene 2003;321:1-15.

Segal B, Rhodus NL, Patel K. Tumor necrosis factor (TNF) in-
hibitor therapy for rheumatoid arthritis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008;106:778-87.

Ji H, Pettit A, Ohmura K, Ortiz-Lopez A, Duchatelle V, Degott
C, et al Critical roles for interleukin 1 and tumor necrosis factor
alpha in antibody-induced arthritis. J Exp Med 2002;196:77-85.
Wei S, Kitaura H, Zhou P, Ross FP, Teitelbaum SL. IL-1 medi-
ates TNF-induced osteoclastogenesis. J Clin Invest 2005;115:
282-90.

Zwerina J, Redlich K, Polzer K, Joosten L, #ke G, Distler J.
TNF-induced structural joint damage is mediated by IL-1. Proc
Natl Acad Sci USA 2007;104:11742-7.

345





