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Regulatory Effects of Cyclic AMP on Osteoclast Formation

Yunna Chun and Mijung Yim®
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea

Abstract — In the present study, treatment of IBMX, a phosphodiesterase (PDE) inhibitor, alone induced osteoclast for-
mation in co-cultures of mouse bone marrow cells and calvarial osteoblasts. However, treatment of IBMX in combination
with prostaglandin E, (PGE,) inhibited osteoclast formation in a dose-dependent manner. Among various isozyme-specific
PDE inhibitors, a PDE4 specific inhibitor, rolipram, showed similar effects as IBMX on osteoclast formation. To address the
involvement of cyclic adenosine monophosphate (cAMP) in osteoclast formation, CAMP concentration in calvarial osteo-
blasts was investigated. When calvarial osteoblasts were co-cultured with IBMX alone or in combination with PGE ,, the pat-
terns of cCAMP concentration in calvarial osteoblasts were differ each other, suggesting that cAMP in calvarial osteoblasts

subtly regulates osteoclast formation.
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AE2] wizz L o2HH| 3 (osteoctast)el] o] 5 1g=9t
M| (osteoblast)el]l 213 Wi Ado] F41 BHYHE FA8t
kY ool wzA e A2 M v o2{3 A3/ (bon
remodeling FAS AX HHEEY, o5, 3 E §n
ElE 5o gAY wdEhe gl el ofst W 57
deksElo] Fyo] AR eZN Yehbe dreln & 4 Q.

A FE= 28T A Z (hematopoietic cel)lA] #3}g+ A
2, BEAES) B 2FAE o) dAsA 28T o
t}1? 2ZA)¥= 1,25-dihydroxyvitamin D,[1,25(0H),D,), -7+
2+ 3 2E(PTH), prostaglandin ENPGE,) 52 A=l <3|
A E #319171¢] TRANCE(TNF-related activation-induced
cytokine, OPGL, ODE or RANKL)E A4lsl= 38, decoy
receptor?] OPG(osteoprotogenin)® £1]6l0] TRANCES: 94
grogm wZAEe walg 2Egto

ol2|3 ZIFMTIFAE A5zl QlojA, cAMPE T2
3 Ut AlsgxE 243t PTHY PGE, 59 A=l ¢
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3 2F MXEJ cAMPS 557} Ad53Hd, protein kinase A
(PKAY} &35 3 ©]E %3l TRANCES] o] F7so] 5}
ZAE FAdo) 2Tk LEA Aok ALY cAMPY 5
T 27HA] &l o8] &4 dAsHA FA1€ T, Adenylate
cyclase= ATPE 712E cAMPE 3Jsk1l, phosphodiesterase

(PDE)= cAMPE 5-AMPE &3] A} th10D 2] 271%] PDE
family:= PDE1°IA] 117}X]9] isozymeo] EAllsh= A2 9h]

Rov, 1 % PDEL 2, 3, 4, 7, 8, 10, 11°] cAMP2] -3}
Foigic}. Z4240) isozymeS PDEIA, 1B, 1C39} 22 subtypes
7pc D

T B AA= PDE A4 pentoxyfyllinee] %7 wljokst v}
ZZM|Z)A TRANCES] Hag FEgosn shzAx
2%k B3k v} Qrh'? o)= PDE AsiA Xzlof 9
W cAMP 527t Aoy e avet &
Aol AL Bakel ZEMEY cAMPE]
37 s 27] wioFst oA ZEAES F
o7 (co-culture)ell PDE A4S @502, F=
PGE,$} 871 ¥ Hzsiich 2 A5 F3 FujokAol PDE
AAE = J2)ebd ShZAEe] B3P} S Aol v,
PDE A3fi#lg} PGE,E & Azlstd 23]z £33} dAl=:
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o=z Yehgtl PDE AsiA @5 9 PGE,2e] B8 Aol
A3t Z2TH|F U cAMP 5 W32 ESHFo TN 2L
cAMP % W3l= aZAE 835 v|Hsl 228 71s4o]
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OFRA ZEM|ZEQ| X7] Higk

A% 0~1929) Ao} ddy mouseZHE] FAE HERE 8
T FAEE AFAT o)l $5E oK AR AAF
ot FaE 25, 97 58 AAS ¥ o-MEMOE 7HA| A
A3}t 0.1% collagenased) 0.2% dispase & 2o o]
37°CollA 587F AT T F59S Wil AlE a4 89
< 7F8lSiT). 37°Cellq oF 1087 I3l d5ds Fox &=
25 43 "BHESGIT). 94 e § 10% FBS $F o-MEM
o2 ok 3~5x10" M%E/100 mm plastic dish’} H=% HEEA
t}. 5% CO,, 37°CollA] 3~447F wikst AEE o)|F =F
2 A8 ARt
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X

OfRA SeMzEe) uiek
ddy mouse(6~97, TH)E BF F2T F 0% TEE &
3T AE F-E g5-2 Arste] 52 &
AE NS dusty EEE gEAA AEE H
W oFEs =7 et & & Eoll 25G2] FARPES £1 o-MEM
FAEEZ AT 2ottt 94 e T oo
I 2v909] Gey's solutiong 7}sl ZAETE A7
23t ¥ 10% FBS7} &% o-MEM2ZE A&

22 =22

St (co-culture)HE 0|8t WEME| RelRT

96 well plateol] 7] vj¥st ZIAE 5X10° A)Zjwell, I5
AE 1X10° AlE/welte 10% FBS7} 3% o-MEM2Z FHj
ke, Hix)E 3o sk wEE) o] Bd AlEE 10%
formalin® % 1087t 273 ¥ ethanol-aceton(l : NZ 133+ A
1173}e] TRAP(tartrate-resistant acid phosphatase) 3432 3
o} 370 o)de] S JEH TRAP+ MXE o} wfZAxe &
gt

RT-PCR 24

Total RNA 1 pgS Superscript H(Invitrogen, CA, USA)Z &
Arrarsict. dolx ¢DNAS] UF-E Go Taq DNA polymerase
(Promega, USAY2 PCR ZZ35}9t}. PCR %Zo}| AFg3} primer
9] A8 o231 Zth PDELA, 5-tcacagtcttcaaactacgg-3'
(forward), 5'-tgttcacacctatggacgtg-3' (reverse), PDE1B 5'-gacg-

tgacccagactgtce-3' (forward), 5'-tgatgtcagcagcatgaag-3' (reverse),
PDE1C, 5'-cagcatcaactcatcagatg-3' (forward), 5'-gagtgatccttct-
tgtctge-3' (reverse), PDE2, 5-aaggtgtcccacaagttcac-3' (forward),
5'-tggtcactactgtgctcttg-3' (reverse), PDE3A, 5'-gcctgtgaaagcag-
tatagc-3' (forward), 5'-gaaaatgtctgagacgagtc-3' (reverse), PDE3B,
5'-tgttcaggagaccgtcgttg-3' (forward), 5'-gatcccaccttgaacagtge-3'
(reverse), PDE4A, 5'-ggaactcacacacctgtcg-3' (forward), 5'-gttc-
ttgtgctaagaggtec-3'(reverse); PDE4B, 5'-tggaaatcctggctgecat-3'
(forward), 5'-tccacagaagctgtgtgct-3' (reverse); PDE4C, 5'-tggt-
atcagagtaggattcc-3' (forward), 5-ctctgtgtaaaccttggetg-3' (reverse);
PDE4D, 5'-cggaactcgctctgatgt-3' (forward), 5'-acagaggcgttgtgcttg-
3' (reverse), PDES, 5'-tttgctgctctaaaagcagge-3' (forward), 5'-
gctatecgttgttgaatagg-3' (reverse), PDE7, 5-actcaggecatgcactgttac-
3' (forward), 5'-ggactcacacccaaatggtac-3' (reverse), PDES8, 5'-
5'-gacttgggaatgctgcaggtg-3'
(reverse), PDE9, 5'-taccagatcaatgcccge-3' (forward), 5'-ggaaga-
gettggteactg-3' (reverse), 2 GAPDH, 5'-gaaggtcggtgtgaacg-
gatttgge-3' (forward), 5'-catgtaggccatgaggtccaccac-3' (reverse).
RESZEAE: 94°Col 32 27] Hhe &, 94°ColM 30%, 52°C
o\ 45%, 283 72°ColA 18 AR F 34F7)(CTRY}
cathepsin K) == 2857](GAPDH)E ©]Fofc} $Z9 PCR
AP 1% agarose gelel A71958k] Eelskich

acggcgtatttecttteccag-3'  (forward),

MZIELY cAMP X

Z7] W% vheA ZEAEE AERE Aok H2st & A
Y cAMP2] <F& cAMP Biotrak Enzyme immunoassay
(Amersham Biosciences, USA)E =33} ).

Al
=

o

23 % nF

PDE XaiiNe] th= X PGE.2le| HE X217} TiZME= 235101
O[Xl= &

TRAP+ U8 S ZAEE £7] doksth vle-A ZEA|ES} F
FAEL] FalleFAlRIA 1,25-dihydroxyvitamin Dy[1,25(0H),Ds],
H-21°4 22 Z(PTH), prostaglandin E,(PGE,), interleukin-1
(IL-1), lipopolysaccharide(LPS) 52] ==l 23] &3 F5%
thD o]e)st Fu|okAlE o]83te] PDE &A1) 3-isobutyl-1-
methylxanthine(BMX)7} S}2AH % E3lo] mXEe 35 A}
Sk, 71l g A3 FLsA, P FujAlel IBMXE o
5 e o gSAE Z3t 51 EHoE FEHUH
(Fig. 1A). ¥A) 11%F 2] PDE isozymeo| &&A] glon]
IBMX+= 2& PDE isozymes H|Fol& oz At} 57
PDE isozyme®] =AM Hglof THoel=A]9] of 75 g3}t
7] {13 ookt PDE isozyme S0]4 ASAE A3l 7 &
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Fig. 1 - Effect of PDE inhibitors alone on osteoclast formation.
Dose-dependent effect of IBMX (A) or rolipram (B) on
osteoclast formation in co-cultures. Mouse bone marrow
cells and calvarial osteoblasts were co-cultured in the
presence of the indicated concentrations of IBMX or
rolipram for 6 days. Cells were then fixed and stained for
TRAP. TRAP-positive (+) multinucleated cells (MNCs)
were counted. Data are expressed as the mean+SD of
triplicate cultures.

= AnEgitt 1 A3, PDE4 A3iAIQ! roliprams 31|
o @5 Aeelols o IBMXS} sUst sEAE 23 = 53
£ RSIFig. 1B). ol ¥} vinpocetine, EHNA, milrinone,
dipyridamole, zaprinast(PDE1, 2, 3, 5 £} 8, 59} 99] 50| A
A FEAE 3 A5 &35 Holx] ik A,
o]= PDE isozyme % 5% PDE4’} ZZAE cAMP 555
Ao EA FIAE E3lol] Bt Ak et & &
9c}.

ZZHM|EE IL-1, PTH, LPS 59 A=l ¥-g3te] PGE, &
AE gro g Ru|gc} %19 PGE= 2T A Eo] autocrine 2.5
Zgstod, MEY cAMP SEF FSAIZ RN SEAE 34
< E3%o] 2oiA ok FujegAe] BMX¢h PGE,E B4
RS v AL B3 mAe JEE AERgt). &
= APE v FSAE B35 AR 29 3 os, IBMX
= PGE, EAlstolA AZHE 318 T &80 2 AT
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Fig. 2 — Effect of PDE inhibitors in combination with PGE, on
osteoclast formation. Dose-dependent effect of IBMX (A)

or rolipram (B) in the presence of 10 pyM PGE, on
osteoclast formation in co-cultures.

o] Brs]FHoHFig. 24). ©]H % #3834 G3+ PDE4 S0]3
A AL rolipram= M PE dol T FLHA FZEHUTH
(Fig. 2B).

Z2MZ2| PDE isozyme % subtype 28

7} PDE mRNAS] 2 x7jaoFst ZZAEE o] &3t
RT-PCRZ #1513t} tiF-5-2] PDE isozyme 31} o]4d2]
subtype 2. & FAE o] Yk 7} subtypeE AAE F Y=
primerE AHE31] PCRE Al#33lor, Fig. 3o 1 235 &
Al8t1 Qith. 2FA|3x= PDE1A, PDE1B, PDE2, PDE3A,
PDE3B, PDE4A, PDE4B, PDE4D, PDE7, PDES, &1
PDE9 mRNAE 2y USS ¢ & AUt ©]8i3 PDE
mRNAS] &y delo] 7] wiekst ZI3M|Eof| FetE]= Ao)
ofehz A& ERley| Hlsll vk ZEMET ST-25 AFES)
o] A% AFS FAETE ST-2= 7 jekst 2TA|29 5
A% PDE mRNA 2 dl&lS B o}, 7] wjolst 233
o} 22 PDE3BE 34 &= F o2 Uehstt ol 27]
viekst X9l e MEF Alole] Xolof] 7RIk Zo® F
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Fig. 3 —RT-PCR analysis of PDE mRNAs. Total RNAs were
prepared from mouse calvarial cells and ST-2 cell line.
Templates for PCR were synthesized in the presence of
reverse transcriptase. mRNA expression was determinrd
by RT-PCR using specific primers designed for each gene.
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ZBMEL AMPO| = s}

Fig. 17} Fig. 20114 FalletAloll PDE AsiAE @5 xj2lshad
AFAE B3t FEEL PGES) Bg Aelshd 23]y o
AZ 237t AAEE & 5 At PDE AsiAlel PGE= B+
HEY cAMP2] EEF 54171 cAMP-elevating agent®]Ct.

weby AR 3 l et of2idt ke g3t AlEW cAMP
=9 B0 ]Ish7] 98 Alekxe] & AlRidE

cAMPY] 5 & éz% o}%it}. Fig. 4A0lA B5o0], ZZA| ¥
PDE #J3l#] IBMXE A=3l%& ® cAMP $%& 3R 3 &
Jof gRoem 7 3 Hxp gAsl) 2RI Felle 2] FER
"olx& Pte Bt olof ¥l IBMXS} PGEE W4 A
shH ZRke]] cAMP 5571 $71eHe AL s, 95 g
o} 9} 48A7F Fol= v|F L 5 AXIEIckFig. 4B).
ol ZIAEY cAMP &% W3} 3 A% 23l w|Hs}
Al 28t e 7HsAE AR Aol

4 £
M} SFAES] F

o ek 2
ol Ae 2 PGE,

£ delrs 27] bl
7A€ ©183l, PDE AsiA] [BMX9] @5

gte] W8 Aol 243t cAMPY] F= WSt SEAIE F3tol
o2 9% AT PDE A4l BMXES @5 st

0 5 30min 1 3 9 24 48hr

Fig. 4 - Effect of PDE inhibitor alone or in combination with PGE,
on intracellular cAMP concentration. Calvarial osteoblasts
were treated with 50puM of IBMX alone (A) or in
combination with 10 uM PGE, (B) for indicated times.
Intracellular cAMP concentration was measured by EIA.
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o} T9% FHE Hol, PDE4}F ZFAHFY cAMP 23] 3
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