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ABSTRACT

Background: It has been well established that daily injections of low dose parathyroid hormone (PTH)
increase bone mass in animals and humans. However, the precise mechanisms by which PTH exerts its
anabolic action on bone are incompletely understood. The canonical Wnt-f-catenin signaling pathway has
recently been demonstrated to have an important role in bone cell function. In the present study, we have
examined the interaction between the PTH and Wnt signaling pathways in mouse osteoblastic MC3T3-El
cells.

Methods & Results: MC3T3-E1 cells were treated with 0.01 -0.84 uM recombinant PTH. J-catenin
expression was significantly increased after 30 minutes of exposure to PTH and reached a maximum 2.7 fold
increase at 1 hr and expression then faded at 6 hrs. In addition, treatment with PTH increased nuclear
accumulation of activated [-catenin; the ratio between the nuclear to cytoplasmic protein was more than three
fold at 30 minutes and beyond. Moreover, PTH stimulated T-cell factor/lymphoid enhancer factor (TCF/LEF)
reporter gene activity in MC3T3-E1 cells. Confocal microscopy revealed nuclear translocation of f-catenin by
PTH as compared with a glycogen synthase kinase-3f3 (GSK-3f) inhibitor.

Conclusion: These results suggest that the anabolic mechanism of PTH might be partially associated with
the Wnt-canonical pathway. The appropriate target of another anabolic agent should be determined through
further studies of this pathway. (J Kor Endocr Soc 22:411~418, 2007)
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Fig. 1. Effect of PTH on levels of f-catenin in mouse osteoblastic cells. f-catenin expression

was significantly increased after 30 minutes of exposure to PTH (10® M) and maximized to

2.7 folds at 1 hr then faded at 6 hrs.
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1. MIE Hj2F

w2 ZFA|E F9 MC3T3-El A|3EE a-minimal
essential medium (¢-MEM), 10% fetal bovine serum
(FBS), ¥ 1% penicillin/streptomycings <3¢k ullz]of]4]
afeFsigict wiAlE 3ol 3 W4 w3kslglowm, AlErt

50~80% confluent & wf] A&-S Rs¥s}ict
2. Western Blotting

MC3T3-El Alelld] HAPAT 22 [PTH(1-84)] 10°
Me A2l A, ¥ 155 30%, 1A1ZE 3A1ZE 9 6A1ZE Foll
A ZA| il 239l Al chilal ol o ohay
AL w2 3k 2% T2 Bradford assayH o2
g AR 98CallA] SEZF 71dso] denature Al F
o} ZZke] ZAE SDS-PAGE (sodium dodecylsulfate
-polyacrylamide gel electrophoresis)Z %7|d5 ¥
polyvinylidene difluoride (PVDF) membrane ©-& ©]-5-A|7]
S alsk S 0] vl Soldel e Ak et

o] TBS-T (20 mM Tris-HCL, pH 7.4, 125 mM, 0.1%
Tween 20) SMolA  1A]7F HEEA)FC)E  B-catenin
(#610157, BD Biosciences, 92kDa), Active-f-catenin
(#05-665, Upstate Biotechnology, 92kDa), f-Actin (Santa
Cruz, 43kDa)oll tish A= A7 F1F vESAI &
TBS-T €M o & A3l 3 anti-mouse ©]X} A|S 7})s}
o] 1A17F B3t HRSAIZIEk TBS-T S0 A ¥ ECL
solution kit (Santa Cruz)E ©|-83l X-ray H-Eol 7=4A1A

W e 49k
3. Confocal Laser Scanning Microscopy

Gelatin 8-S 3 &elo|= 9ol MC3T3-El AES £
31 4% Para formaldehyde & A-&oll4 1087 34815
245 AEE Q4 A3-BMN(phosphate buffered saline,
PBS)2.Z A3 % 10 mM NH,CIS 1087 Hzlslsick
thA] PBSE A % 0.1% Triton X 100-% A2lgt & 1%
BSA7} €% PBSE H5 AJZrh fcatenin: FITC
(#6610155, BD Biosciences) & 4CollA] 16417k 53k HESA]
71 & FFo] FA H 24 FAIE 1:1002 3|4 s}o] Hlol|
A A AR 1A17F HESAIZAEE SYTO®59 (Molecular
Probes) 2 TNZAUS Aedsigla Zxd alo)x dul7
(confocal microscopy, LSM Invert 410; Karl Zeiss) 2. &2 3
Zsick

4. TCF/LEF Luciferase EME

0kl

7t

T cell factor/lymphoid enhancer factor (TCF/LEF) 5714} 7
SHE219} luciferase reporter --ZAFS- fusionA|Z] TOPflash
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Fig. 2. Effects of PTH on nuclear or cytoplasmic active f-catenin expression. PTH 10® M)

increased nuclear accumulation of activated f-catenin; the ratio between nuclear to cytoplasmic

protein were more than 3 folds at 30 minutes and thereafter

reporter plasmid (Upstate biotechnology)®} FOP luciferase
reporter plasmidE ARSItk MC3T3-El AIEE 6-well
platecl] 1.5 x 10°7Hwell & 55 21 3 24X7F %] Fugene™
6 reagent (Roche Molecular Biochemicals, Indianapolis,
IN)Z ©]83}] TOPflash (lug)elt} FOP (lug)E 3417} &
S} transfection AIZEk 10417 ¥ 0.1% FBSE 373t o-
MEMO2Z vl $ 124]7F 59t incubationX|Z] & H-4+
A% 22 PTH(1-84)] 10° ME 6417 53k Helslgich.
Luciferase assay system kit (Promega, Madison, WI)£}
Luminometer (Dynatech MLX)S- ©]8%}0] luciferase ¥4
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1. ZEME TN SZAM 5220] p-catenin
WH0) 0jXs Hat

ZZA|EF2] MC3T3-El A|EE o|gslo] Hatidse
B9 Axslo] ZFAFENAS] Wnt canonical HZA|AL]
7H- F93 wl7iA|2] Bcateninol] ot JaFS FA] A
22 3715 si9iv) SRS 2RPTH 10° M) #2] ¥
Brcatenin®] o] A7tol] whe} o] oA F7Hhe IR
o} s e Ae] 3 305RE] STkl AlFsl] 1

A <k 2.7 BE STRIAE L 6417 Sl 71A] &
S8 Z4slickFig. 1).

o213k fcatenin®] FH F7P7F Tl AA FAAE AAR]
ALe] fieell gk vIHEAE E]Isk] flslolA] &A%
] vk featening AlEAT} @) childz fe
sto] B4 g ¥ =EPTH 10° M) #2]
304 ] ¥ WellA] A8k Bcatenino] AAXF SIS
3, AIEA Jjo] A3 Hele] featenine ZHAsl= 7Y
= Holrk o gk a2 chillo] ulE W 304 o] %7
3ulf oo g om|QlAl FTRIA 24417 B3t ASEHE

EsickFig. 2).
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S sl Sl B2 ellolA QA o) gelo] e A

sPaigick 7V el Bcatenino] AREAD} 3 WollA] R
oFslA| W=]Q]c). glycogen synthase kinase-3 (GSK-3) ]3]l
A ZA Wnt-S-catenin A TALE FASIR|7]+= 2lH(LIC))
A dlzgo g Agsllom, LiCloll 2JsA] Bcatenin
AEA EAslelrl &l HE o]Fsto] &2 3 ellA]
EdEIgleh PP FERPTH 10° M) Fof 1A%
Folli= Bcatenin®] Wdo] A|E AxellA] FsiAl Fokst
S, A1 ol # WollRE 2 e Bt
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Fig. 3. Effects of PTH on intracellular translocation of S-catenin in MC3T3-El cells. (A) S
-catenin expression (green) was weak without PTH. PTH (10'8 M) treatment increases [

-catenin expression in the cytoplasm as well as nuclei at 1 hr. f-catenin was mainly expressed

in the nuclei after 6 hrs of PTH. LiCl (60 mM) increases fS-catenin expression in the nuclei.

(B) Hoechst staining of the same cells showing the nuclei (blue). (C) Confocal microscope

images of the same field were taken and merged.

3. BUMM §229| TCF/LEF Reporter 78
At EME0f CHSE &1

-

AT 2ol ofelia F7ke]a 493k fcatenino]
AA RIS 2AsEA] dolir] S8l TOPflash
reporter EE}=H| = == FOPflash reporter SEt=P|=g
o] 8slo] ZFANE il transfectionA|Z] F 6A17F ol
luciferase FAEE =459}k LiCIE Fo981908 uff =
ol v]el luciferase TAE7} 4ul) Z7} s19lar, FabahAl
BEE FoIgt 7% luciferase A E7} 6l ST 20

1IckFig. 4).
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Wnt AZHALAAY] Fast 74494 fcatenin®] 3,
53] A3 e WS mIAl STHIFEeH, p
-catenin 3% 421 TCF/LEF A4S 24313+
sigick

TR e A ERko R uiYd Fof A wiol] F3hA}
45 vehlolA = ks TTMRIFIYE 2 A& 4EA 9
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A FAE FTHITINT8] Z=TAEL] Ealell Pl
Run2 5 Z7RIZees 288 Zlog AT glor}9)]
et ALT71AL o RA] BisAIA] ekgiel. B E
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Fig. 4. Effects of PTH on the TCF/LEF reporter gene activity in mouse osteoblastic cells.

PTH stimulates T-cell factor/ lymphoid enhancer factor (TCF/LEF) reporter gene activity in

MC3T3-El cells. The changes in TCF/LEF reporter gene activity are expressed as fold change

over control activity (no PTH treatment).

Q3F ATALAAIRZ d#dA JQ37[10], phospholipase C
(PLC)= 73131 protein kinase C (PKC)E A3} A7|17|%
s[11] G- o2 A=) ks TR A=A 9dl12].

Wnt SHIAE2 Frizzled 5842} LRP5 22 LRP6 <+
Aol ZjkslA] GSK3-p5 HARFeZH] fcatening 4
3HAIAA] Bcatenint ¥} ko F o]-gso] TCF/LEFS} 73t
slo] Wit 34 RS 248 Hel13,14]. o3 Wnt
AT B2 713 z229] Wt vl fAof] Fe3t o
& ARk, B3] W 2Zel|A] EEke 28 ol T3t
qes sk Zew d#A Sk QIZF LRPS 417k
loss-of-function =¢i¥o]7} Lolipd Fer} Y1 wiy}
R2A)7] 4% 545 Y= osteoporosis-pseudoglioma
syndrome©] WH8sla115], HHHE LRPS -F41Ake] vh =
Awdolelld=(ell, G171V) TRE7} vk 52 545 vEt
s LRP5S} Dickkopf-1 (DKK1)2] ZgtHo] okafiz|= A
o] Y- Hgle] & & vk B3 ¥9lrH16,17]. v IA|
2 LRP5 23 vhoN® Z3AE FAo] Fislar =
o] Zhaxl B4 vEhIcHs). wnt Al3dEe] & A
< ZTMIFI= ZAEE Wat/B-catenin ASALAIA) T2
gl oS =), AISHE feateninS C3H10T1/2 Aol
Al ZEAIER] B3HE fiEdivhe Zlo] Eawlais],
ea Aol QA7 ATelA L Beatenino] ZFA|EES}
o] 27|5hAlll F el p-catenine] ZAHH 735 F4A =
ZAEF} ZEAER F3IA] gl ATAIERS] #3315
78k ZAeR Was9rH19,20].

= Aol T3 AT EEI Wit BE Aol
cross-talko] 3= 7hsgo] L8] SAlsh, o|%1 2] il
A Kulkami {2112 B0 A Aol T4k
AT 2R Fol T Wit ASAGAAY o] Sl 7]

A 94 5 LRP6} frizzled-1 (FZD-1) T8 Z7)sla,
LRP5%} DKK-12 ZHAshs Harsigick w3t Fabdsls
EHo| HE ZZAEFQ UMR-106 A|EolA] B-catenins
Z7}A)7]3L TBE6-luciferase reporter 44 A EE- 57}
A& Harslo] B3 s 22 2348 FXIA7= 7
Holl Wnt 454 2o] Adt=le] 9 7Fsde AXEIA
B AFoxe AP EES A sl9E ull featenin
wElo] 3058 whEA F7lslel 1A17H < 3uiE 718k
At 6A1ZE Folle VIAEER ZRAsiick v
Kulkarni 59| d7elie 59 559 FPAT el
9J3]] B-catenin®] 20~50% AEE FslA] ZlslA AL 244
7+ &3 ASE s Ao] 2 dollAe} efzte] Kol &
H3irk o] Ao Xjol= Aglell ALk Al HA A
3 =2%9] Xo|(PTH 1-84 vs. PTH 1-38)7} <3kS ndS
7Fs/de] ik

B AelAs RIS =Ase 285 el &
A3k el featening & Ho} AEARZ T3t 22t
ZAs19etl] 243t Fele] featenino] 24417 B4t & W
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A= Velfcka Azl #2 Tobimatsu ${22]¢7)
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AL 27t I3 22 AlZEAE A 7146l Hofsh
< ARt ol AAES FRMHATERS A=)
< ul] Bcatenin THHA Wdlo] Frlsiar B34S} el
QAR Beatenin®] o] ZAadhe HarslQlck ) 2
Aol e AT Hel AAE Bz aRE
Ap=oll 2@t featenin®] AE W} o]FE AFsltel, A
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