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The Negative Role of PDE4 on PTH-induced Signaling in Osteoblasts

Hyojung Park, A Long Saemi Noh, Jung-Min Lee and Mijung Yim®*
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — We explored the role of phosphodiesterase 4 (PDE4) on parathyroid (PTH)-induced signaling in osteoblasts.
PTH was shown to increase the activity of PDE, mainly PDE4, in osteoblasts, which is partly attributable to elevated
PDE4B and PDE4D mRNA expression. The use of PDE4 inhibitor strengthened the PTH-induced extracellular signal-reg-
ulated kinase (ERK) and p38 MAP kinase (MAPK) activation. Furthermore, the PDE4 inhibitor stimulated PTH-induced
receptor activator of nuclear factor-xB ligand (RANKL) expression in osteoblasts, which in turn increased osteoclast for-
mation. Taken together, these data suggest the negative role of PDE4 on PTH-induced signaling in osteoblasts.
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NEs AZa0ith ol SFa 5% FAE-2 Akl
A 2, 99 55 A F a-MEMO R 7PEA] A= st
2t 0.1% collagenase®} 0.2% dispase EF a2 g Ho
37°Colx] 53t A”AIZ F- S Ns Wl ARy 54 89
= 7Ie3iTE. 37°ColA oF 10871 XIgsto] 45

1=

2S5 48] WHEsIeleh 94 #2ldt & 10% FBS 3+ a
o7 ok 3~5x10* A|3/100 mm plastic dish7} ¥5== a1

T} 5% CO,, 37°CollA 3-4U%T vljFet Mg o]F ZzAlE=
Aol Attt

OFRA S5MZo| Hifek
ICR mouse(6~97, S3)E A5 gt & 70% olghE= 4
574

MEMel| &esla 2v12] Gey's solution 718l 2EF=S A7
el 94 2k & 10% FBS7F 808 o-MEMO 2 A Er
T,

SHikol| o8t mEM|Zo| BelRE

27] wioFst 2ZAIE 5x10° Al E/wellet Z4AE 1x10°
A EZ/fwell& 10% FBS7F &€ o-MEMCS. = PTH(100 nM),
rolipram(10 mM), 5= PTHS} rolipram®] ZA3}ollA] 743+ &
Hjokgic), wjoko] vk Al E: 10% formalin® 2 1027+ 1743t
3 ethanol-aceton(1 : )= 1#3F A 1174 5lo] TRAP(tartrate-
resistant acid phosphatase) stainings it} 37§ o] g 7}
0 TRAP+ A5 U8l spzAll 22 g ik,

PDE &4 &8

ZHZAEZS PTHI00 M) 2 20%7r #]2)3t &, PDE lysate
buffer(20 mM Tris-HCl, pH 8.0, 1 mM EDTA, 0.2 mM EGTA,
50 mM sodium fluoride, 10 mM sodium pyrophosphate, 0.5
pug/m/ leupeptin, 0.7 pg/m/ pepstatin, 4 pug/m/ aprotinin, and
2mM PMSF)ell @8t 2502 ajsiqlvt. ez 4
SINE 42 F U5-E PDE 49 buffere] (20 mM Tris-HCI,
pH 8.0, 10 mM MgCl,, 1.25mM B-mercaptoethanol, 0.14 mg/
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m/ BSA, 1M cAMP and 0.2 uCi [°H] cAMP) 37}s}0] 34°C
oA 1037t RS AIF T 287 o] WS FAA7) L, 5-
nucleotidaseS ¥ o] 37°ColA 10&E7F sfoFstSict. Hh-ga&
AG1-X2 4] ZA7el Al w2 [*Hladenosine scintillation
counting®. % A=t} PDE4 B4 T 23S 10mM
rolipram A&t 428131, rolipram WA S A
PDE &V/dollx] wl gtow Aot} oy 55 BSAE ixr
© F Bio-Rad protein reagent(Hercules, CA)S AF&-3lo] &%
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Western blot £4

ZZ A 3EE PTH(100 nM), rolipram(10 mM), =+ PTH<}
rolipram © & *]2]sko] AGAIE aj<F -, lysate buffer® 2-3]
st AR &tk 20 pgel W AS SDS-PAGE(poly
acrylamide gel electrophoresis)® W4 #2]3}az, & 80 vollA
MR 45% 22]3l0] PVDF membrane®]] ©]&AIFIT). 015 5%
skim milk7} -+%¥ PBST €4 ° 2 blockingdlal, 12} &A=
] anti-RANKL(1:1000, Santa cruiz), p-p38(1:2000, Cell
signaling), p38(1:2000, Cell signaling), p-ERK(1:2000, Cell
signaling), ERK(1:2000, Cell signaling) 5=+ pB-actin(1:4000,
Sigma) e} 2}7F WHgAIZ Tt PBSTR 53] A|%d&tal HRP
(Horseradish peroxidase)”} A 3t¥ 22 3HA 2} wE-SA171 &
ECL Advance(Amersham. CO.)E XA BA15130T),

RNA £2| ¥ RT-PCR 24

Total RNA FZ2 easy-Blue(NtRON Bio technology
co,.Ltd, Korea)E ©] &3} T} cDNA+ 1mg2 total RNAE
oligodT primer, 10 mM dNTP 1unit RNase inhibitor ~72] L
4 unit Script reverse transcriptase(Fermentas, Life science)=
42°CollA] 603 Aol A 5, 70°CellA 10 7Hdgte =
A WES-& FA] AlZT}. Polymerase chain reaction(PCR)<- o}
gle] Zejo|mE ARg8lo] 94 3E7E A2lek F, 94°C 30%, 58°C
45% 72°C 15-9] ¥4 323] = 283](GAPDH) HH315iT}.
PCR A3}ES @719 507 gels|gitt.: PDE4A, 5'-ggaactcaca-
cacctgtcg-3'(forward), 5'-gttcttgtgctaagaggtec-3'(reverse); PDE4B,
5'-tggaaatcctggctgccat-3'(forward), 5'-tccacagaagctgtgtgct-3'
(reverse); PDEAC, 5'-tggtatcagagtaggattce-3'(forward), 5'-ctetg-
PDE4D, 5'-cggaactcgctctgatgt-3'
(forward), 5'-acagaggcgttgtgcttg-3'(reverse); GAPDH, 5'-gaagg-
tcggtgtgaacggatttgge-3'(forward), 5'-catgtaggccatgaggtccaccac-3'
(reverse).

tgtaaaccttggctg-3'(reverse);

SHXzE|

A A= AF+EFHAE %7)3F9 37, Student's t-test®
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PDE4= 4719] isotypeo] EAfah, Z2AE 1 § PDE4A,
4B, ADZ WEidto] By u} 9Jt}!? PTH )= <18t PDE4
isotype®] W% WS RT-PCR W C2 ¥4J815ith(Fig. 1B).
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Fig. 1 - The Effects of PTH on PDE in osteoblasts. Calvarial osteoblastic cells were cultured with vehicle or 100 nM PTH in the absence or
presence of 10 uM rolipram, a PDE4 inhibitor. The PDE acticity (A) or the mRNA level of PDE4 isozymes (B) were measured as
described in Materials and methods. In (A), The PDE4 activity was calculated by subtracting the rolipram-insensitive activity from
the total PDE activity. Values are the mean=+SD of triplicate cultures in a representative experiment. *: p<0.05.
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Fig. 2 — The effects of PDE4 inhibitor on PTH-induced signaling pathways in osteoblasts. Calvarial osteoblastic cells were treated with veh
or 100 nM PTH in the absence or presence of 10 uM rolipram. The expression of p-ERK (A) or p-p38 (B) was determined by western
blotting assay. Values are the mean+SD of triplicate cultures in a representative experiment. Veh: vehicle, P: PTH, R: rolipram, *:

$<0.05.
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Fig. 3 — The effects of PDE4 inhibitor on PTH-induced osteoclast formation. A, Calvarial osteoblastic cells were treated with veh or 100 nM
PTH in the absence or presence of 10 uM rolipram. The expression of RANKL was determined by western blotting assay. B, Calvarial
osteoblastic cells were cocultured with bone marrow cells in the absence or presence of 100 nM PTH and/or 10 uM rolipram for 7
days. Cells were then fixed and stained for TRAP. TRAP-positive (+) multinucleated cells (MNCs) were counted. Values are the
mean=SD of triplicate cultures in a representative experiment. Veh: vehicle, P: PTH, R: rolipram, *: p<0.05.
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