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A Study about the Mechanism of Ca** and Pi Homeostasis
by Estradiol 178 in Proximal Tubule Cells in the Osteoporosis

Ho-jae Han and Soo-hyun Park’
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Chonnam National University, Gwangju 500-757, Korea

It has been reported that osteoporosis induced by the deficiency of estrogens in menopause is associated with the
unbalance of Ca®* and Pi levels. Proximal tubule is very important organ to tegualte Ca** and Pi level in the body.
However, the effect of estrogens on Ca® and Pi regulation was not elucidated. Thus, we examined the effect of 17-p
estradiol (E,) on Ca* and Pi uptake in the primary cultured rabbit renal proxiaml tubule cells. In the present study, E, (>
107 M) decreases Ca** uptake and stimulates Pi uptake over 3 days. Ey-induced decrease of Ca® uptake and stimulation
of Pi uptake were blocked by actinomycin D (a gene transcription inhibitor), cycloheximide (a protein synthesis inhibitor),

tamoxifen, and progesterone (estrogen receptor antagonists). E,-induced decrease of Ca®™ uptake and stimulation of Pi
uptake were blocked by SQ22536 (an adenylate cyclase inhibitor), Rp-cAMP (a cAMP antagonist), and PKI (a protein
kinase A inhibitor). Indeed, E, increased cAMP formation. In addition, E,-induced decrease of Ca® uptake and stimulation
of Pi uptake were blocked by staurosporine, H-7, and bisindolylmaleimide I (protein kinase C inhibitors) and E,

translocated PKC from cytoslic fraction to membrane fraction. In conclusion, E, decreased Ca”™ uptake and stimulated

Pi uptake via cAMP and PKC pathway in the PTCs.
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of oJdfiA o]FAAH YPAuB/A TN E dFEE (oF
15~20%)°] ©]5Fo1A13L AT} (Wright & Bomsztyk, 1984). 3,
Ca®* o]9)o| = Holl A phosphate?] Ao Syt WA
3 Bo] gl Aod AlRE I Qlu}h (Prie et al, 2002; Sche-
inman & Tenenhouse, 2003). AAA Wl Pi T4 A7 &9
AzzollA T2 o]RolH, el YA F 7}A] el
Na'/Pi cotransporter %= =& type 113 2] Na'/Pi cotransporterl]
oM vi7iElE Ao RuE drh (Murer et al, 1998;
2000; 2003). o]2{3F BEL QAW o2 Frlo]L FollA
Ca® ¥} pPi7} FuhaEe) o] #IAT ¢ JSS A4
Z31 9tk Navaro 5 (19995 Ca™3} phosphate X7} Zth&
9 HEETs Basgich ol # Ale) Z9AEd AXE
¥ Ca* ¥ phosphate 22 F7]o]9] Fa3% &4 FH=
A Fag 42g 9dET (Dennisetal, 1979).

AR A estradiol-178 (By)= Ahe] 334 fx]ollA o
U3 7)58 Fetal gloh FTEEAlel Aule] ca 2
zhgol B A - Ao FvhEEe] e ws #
o] g A= Rumy At} o]F YHHEY, estrogen A
Alell A4 g AN AIA FTEFol FEEHE e Hi
a1 3Jv} (Gallagher, 2001; Murata et al., 2002; Rodriguez-
Martinez & Garcia-Cohen, 2002). @2tx] £ Ao M Zu)
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Hldgh A7 2 A BAEANA Byl Ca®* uptake 2 Pi uptake
ol Eﬂfi JJr- Yol ar o]5o] ojud AT HEAE Fol
ZgeheA g Pt gt

CERITE

1. M =

# HE 4 New Zealand White 3 E7] (1.3~1.8 ke)Z
AHEaFSITE 7] 82 = phenol red-free Dulbecco's Modified
Eagle's Medium® F-12 Nutrient Mixture®] 1:1 &FH2 A}
3}31r}. Class IV collagenase & soybean trypsin inhibitors Life
Technologyol| 4] %4815t} Estradiol-178 (E,), SQ 22536, Rp-
CAMP, staurosporine, H-7 2 TPAT Sigma Chemical Company
(St. Louis, MO, USA)ZH-E] &3}t Protein kinase A inhi
bitor amide (PKI) 2! bisindolylmaleimide I Calbiochem (La Jo-
lla, CA, USA)S 2 5E] A3 th 2P L “Ca*S Dupont/
NEN (NEN, Boston, MA, USA) ollA ztz} qlabelct.

2. BN MF 2RAM = 2tM Z9 ECHEf

ERAES] e

33t A2 £ EY (13~18 k92 A3 B
A A1 F AT Gus adE 13 A
J;é}% @%‘H A FAXAS A g 7=
192 TUMI$} streptomycin 200 pg/ml-S A7}k
o= }71]?'} HiR]e B@sisith. HEE AL A%
T e 183 FApRES AYste oubg Az 1A
g & o] 2hdd] AAE Wik B2 E PBSE THFA
Ztt. o]o}A] 05% iron oxide SN2 FHo] Mo E
5 A AE V| EARE 3R

2 Chung 5 (1982)

Eol x7tow ”EMM Had 23 o
A ~43] Zo} & F (254 um®} 85 um)Q] YA 23S
SHAZ F 85 pm L EL] Y A EHS FHsH
DMEM/F-12 W7} 9)7 Al@ae s g1t} o5 &
e 2okl gl AFAl AEe HaE SRS o
&3te] AAB, THM =TS 60 pg/ml collagenase class IV
9} 60 pg/mt soybean trypsin inhibitor2. k2ol A} Z}z} 3840 2]
2k F A4 E3t 38 (1,000 pm, 52 AHsIAcH o]
Al FHlE EAAREE 2784 A2} (nsulin 5 pg/ml, tra-
nsferin 5 pg/mh7t HA7FE 7] Eei=]e) 8|4 sted 35 mm e}
28 Al AEadeh ML 95% airs} 5% COS
gk Wi d7lelA 37CE RAIBIA Wixle HF & A

AAFIL T o] F= 3~4Y Witk WS o, Al E
4] 3 st 248 siMe vl AE 2443 ol )

=
A2 BB

oft

m&?L an

Nl

r;*«

3. Uptake Alg

9

ZOESE AR AE) BdolEAlel] tiE estradiol-
17p8] &35 &3] flste] £¥<39 Na'/phosphate 3%
S (3°P) 2 Ca® uptakeol] tEte] AFL AAEGT.
“Phosphate uptakei= Rabito (1985)<] HPHS wEsle] A3}
Aot A EDHS-S uptake buffer [(150 mM NaCl, 1.2 mM MgSO,,
0.1 mM CaCl,, 10 mM Tris-HCI, BSA (0.5 mg/ml), pH 6.5)] 2. 3
3] M# s & Pphosphate (0.5 uCi/ml)2} phosphate | mM< 3
7hate] midakgiet. wie] B 4802 AAF uptake
buffer® 33] M3l 1 & A= “C--MG uptake} 2+
o] AAJsledc). “Ca® uptake= Chiayarh 5 (1998)9] ¥ o3
%73 3l A &5E uptake buffer (140 mM NaCl, 2 mM
KCl, 1 mM KH,PO,, 10 mM MgCl,, | mM CaCl,, 5 mM glucose,
5 mM L-alanine, 5 uM indomethacin, 10 mM HEPES/Tris, pH 7.4)
2 33 A2j3 £ 29 bufferdl] 1 pCiiml “Ca¥*S A 7}3}o]
uieFstoieh. wjeko]l By A3-2 XA ¥ uptake buffers
33] M8t 0.1% SDS 1 mZ MEE £3A7 & xS
T2}, 950 WS 47 FHate] A 28 ol £
F3)5 T} 7]l scintillation solutionS 2 ml ¥& TS
712 ZFAIA B-counterZ HAMIES A3t AAE zero
time uptake2 WAFISIC) GUASRE Bradford (1976) %o
ol S, BE AL wiplicae® A A18gT)

o
A

4. cAMP &%

AE ol A cAMPS] E-31E AA|SHIA IBMX (100 pM)
2 3087k 37Tl A A vl SFTh EDTA (4 mM) 840
B2 AEE FH3) A7 $F 5833 9 3000 pm o 5E-7¢

e g F ASRke Ask] B BEssich cAMP

7 Amershamoll Al T4 & cAMP assay system (TRK 432)

ol-g3l3itt. o] WS 1Ths] AslH EDTA (¢4 mM) &
g o]g3le] JAE T2 F cAMPE o|&sle] BE T
S Aok} Ful| A2 *H-cAMPE 100 ¥ 52 4]
ZY}E binding protein 100 WS H718F & 3%7F 4 9,4\‘:]'.
mo T 20 27F YAHED] AJA AjFH He B
BES B2 U AR Rl @) 2417 A5 WA

charcoal 200 g H7FeH3ITh ©]F 2,000 pm & 3%

AR AR F Syt 200 w® FH 8k seintillation vial
of o} scintillation solution 4 ml& H7}s T BIALMEL =
ABIGt) o] % wheld=ke Aeksle] cAMP pmole/mg protein

o2 HERARiT

R 1 mlo e o,

]o

r9~'
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%
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5. Western immunoblotting

EE 5¢ B Aelstz UM HiXE AAS § deoe
2 2334 3 PBSE 3 AlHE & S8slo] puffer A [137
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Table 1. Effects of E,, testosterone, and progesterone on Ca™
uptake and Pi uptake

#Ca” uptake *2pi uptake
(pmol/mg protein/min) (pmol/mg protein/min)
control 3704£129 234.5114.80
estradiol-17p 240.9420.3" 3109+17.8
testosterone 355.8£14.8 240.8+13.0
progesterone 387.6x11.1 2259+129

PTCs were treated with estradiol-17p (E,), testosterone and
progesterone (10 M) for 5 days before Ca** uptake and Pi
uptake. Then Ca® uptake and Pi uptake were conducted. Va-
lues are the meanstS.E. of three independent experiments with
triplicate dishes. *P<0.05 vs. control

mM NaCl, 8.1 mM Na,HPO,, 2.7 mM KCl, 1.5 mM KH,PO,, 2.5
mM EDTA, 1 mM dithiothreitol, 0.1 mM PMSF, 10 pg/ml leu-
peptin (pH 7.5))°1l F-AIZATE F-H5 AEZES THA 21 gauge
vEg o]83e] &3lE AlZHh ol % 01" SEEL 1,000
goll 108 F<t 4ToA AR AR S oA AxE
Az} o] FEE wHEY] 915t 100,000 goll M 1417 AAE
g Azlen seje] BEEFo] acetoneSFE SEZF HHte &
oA 587 HHA] 20,000 goll A 208 o YAEEAA
Axd FES FE3I90c). o|F 3t FE-2 1% (v/v) Tiiton
X-1005 3t buffer Aol F-FHAI17L & FH AlF £ A
FupR R o2 ARSIt

Bradford ©¥d HIHE o]83lo] 747} 60 pg®l sample
12 8% SDS-PAGE #7]%95% A% &, polyvinylidine diflu-
oride membrane®] transferd}S3 T}, Membrane-2 5% skim milk]]
IAIZE St 2bhe AR, A (panPKC FANE 1% skim
milkel] 50008 &3t 4ClA 1843F o] AlFaHadeh
1 %, membraneS 0.1% Tween-20/1XTBSol| 10 {HHo=
3 A% 31913, membraneS 1% skim milkell 5,0008] 34
% horseradish-peroxidase labeled 23} &Aol 1413+ &<t Bl
g % 3 AlAE AHA ECL Aloks 123 Mg o X-
ray &0 3027 =&2AA A4k

6. SAXE

A3 ZAzte] BAH A2]E Student's t test B Analysis of
Variance (ANOVA)E 81512, P-value<0.05& #-2}3F A}o]
9] stAZ sl9n, 48243 THL meanstSEE 3F3ITH

Z 2t
1. E29 Ca®" uptake ¥ Pi uptakedl CHEF A7+ & 55
21}

E7b A1 S9H=BAEe] o E P F45 Zhgol ojn
& 2go] QAT dotnr] fate] T TR B, (107 M,
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Fig. 1. Time course of E; on Ca® uptake A) and Pi uptake (B).
PTCs were incubated with E, (10° M or 1077 M) for various
times (0 to 7 days). Values are means=+S.E. of 9 separate experim-
ents performed on 3 different cultures. *P<0.05 vs. control.

107 ME 982 Helsled Ca™ uptake Z Pi uptakeS A
sk 823} B, A2]A] 3go] AbHA tizeael] HlE]
A E Ca® uptake ZAZHES BT o]HE B2 5¢
ol A #ASHA ERdTh $4, Pi uptake2} 7390l Ca®* uptake
o} AE AkE A3 2 £ A9tk e B APelAE
10°M9] E, & 597t AHelgte] AP-E AN (Fig. 1).
E,9] 2H89] estrogen SOlQIAE YotRr) HAst] 4=
22221 E,, progesterone 2 testosterone (10° M)S 54 <t
T TA T MRtk AFEHR B A9 vz
o) v)& AT Ca? uptake 74 &3 E Pi uptake 57+
Z51E o

£85 B3 ou} progesterone E testoserone-S
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Fig. 2. Effects of tamoxifen and progesterone on E,-induced
Ca™ uptake (A) and Pi uptake (B). PTCs were incubated with
tamoxifen (1077 M) or progesterone (107 M) (B, receptor anta-
gonist) for 30 min prior to incubation with 107 M E,. Ca?* uptake
and Pi uptake were performed 5 days later. Values are means=S.E.
of 9 separate experiments performed on 3 different cultures.

*P< (.05 vs. control, **P<0.05 vs. E, alone.

© dxTd Fo4 e Abole A=A
OlE estrogen?] 80| estrogen F-EANE Bl ZL3=AZ
Adotr 7] A5t esrogen TEA AFAHQ] tamoxifen Z pr-
ogesteroneS A A 2]5}¢] Ca® uptake L Pi uptakeS 285
o} AEA estrogenol] 28 Ca® uptake AZHE L Pi upt-
ake S7H2HE-2 tamoxifen F progesteroneol] 2jsjA Aedz o
2 A=A (Fig. 2). ©1213 B0l 2l3F Ca** uptake S A|ZHE
2 Pi uptake 57} ZH-8-0] M2 FAxLe] A = gz
o] gzt ol ' AE Lolry] 2]35te] actinomycin D
(107 M, FAAF A AAAD 2 cycloheximide (107° M, T
B A AAANE 308 HXE] F EE AEIA) Fig. 3
oA BojRo] Eeoll 23+ Ca® uptake 24| ZH& 3 Pi uptake
S7F 282 olE AAAE AMEA] AgEE AR YRt

3k} (Table 1).
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Fig. 3. Effects of actinomycin D and cycloheximide on E,-in-
duced Ca®* uptake (A) and Pi uptake (B). PTCs were preincuba-
ted with actinomycin D (10”7 M) or cycloheximide (107 M) for
30 min prior to the treatment of E2 (107° M). Values are means®
S.E. of 9 separate experiments performed on 3 different cultures.
*P<0.05 vs. control, **P<0.05 vs. E, alone.

t}. o] Ail= Epoll 93 Ca® uptake A4 2H& 2 Pi uptake
7 Aol AEL FHA 2 A2 T el o
o 2102 AlRETh

2. B0l 28t Ca® uptake ¥ Pi uptake Zf0| CHE
cAMP2| 2N

E°ll 213 Ca* 2 Pi uptake &) glolA cAMPS}S] o
4 Lol 7] A5 cAMP F-AFAIY) 8-Br-cAMP (107 M)
THAERAE] 5UZE A2)sigivh HAE A 8-BrcAMP
A3 E W Eol A9} FAFSE Ca® uptake A 2H4-
Pi uptake 57188 JELAT) (Fig 4A, B). ©] Z3=E,
2]3F Ca®* uptake 2 Pi uptake ZH-gol cAMP7} BEE 5=
o= RS AARL F3 31t cAMP/protein Kinase A A&

30 2 ywd e oy
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Fig. 4. Effect of SQ 22536, Rp-cAMP and PKI on Ej-induced
Ca?* uptake (A) and Pi uptake (B). PTCs were treated with 8-Br-
cAMP (107 M) for 5 days or SQ 22536 (107 M, adenylate cyclase
inhibitor), Rp-cAMP (107" M, cAMP antagonist) and mynosto-
lylated protein kinase A inhibitor amide 14~22 (PKI, 10™° M, pro-
tein kinase A inhibitor) for 30 min prior to the treatment of E,.
Effect on E, on intracellular cAMP production (C). PTCs were
incubated w1th IBMX (500 uM) for 30 mins prior to the addition
of E, (107° M). cAMP assay was performed 1 hr later. Values are
meanstS.E. of 9 separate experiments performed on 3 different
cultures. *P<0.05 vs. control, **P<0.05 vs. E, alone.

AGAAAES o] 83t ol5e BHPS Lolr e} A%
TR ES AEE cAMP A AA Rp-cAMP (107
M), adenylate cyclase A4 (SQ 22536, 10°¢ M) L protein
kinase A 9 A A1 protein kinase A inhibitor amide 14~22 (PK1,
107° MYE E, Hz|3}7] 30% ol A)sigich. 4823 Bl
oJg+ Ca™* uptake JA|2H8- 2 Pi uptake 57}2HE-2 o] & 9
AAEN ) oA A AEATH (Fig. 4A, B). AAIZ E,
HHYA cAMP %2 A% 2 E, 10° M, 107 M) 22| Al
izl A8 @A F7F A8 B 5 AU (Fig 40).

3. B0 28 Ca®* uptake LU Pi uptake &30 CHBEH
PKC2lo] MY

Byl 213 Ca* uptake 24 28 2 Pi uptake uptake 27}
2hgel PKC7} #3sheAE dolrr] $18te PKC 844
el TPA (1 ng/m)E 5SU7F 23+ Wl Ca®* uptakes= A
=229 Pi uptake™ F7F3FSATH (Fig. 5A, B). The ©HAl=
A Byl 213 Ca¥* 2 Pi uptake =Hgoll PKC7} 2% @8}
= XS dolr7) 945kl PKC AAIQ] staurosporine (107 M),
H-7 (10™° M) 2 bisindolylmaleimide T (10 My& E, ﬂiﬂé}ﬂ

0% Holl HAgesith 4 A7} PKC AAAEL Bl
-4 gt Ca™ uptake JA|2H& 2 Pi uptake IS 74
DA 2T} (Fig. SA, B). Western immunoblotting2 2 A]
3t A3 E, A7) cytosololl 4] membrane fraction 2.2 2]

translocationS £ 4> AT (Fig. 5O).

4
-

1

i

Estrogen 232 A13oA calcium o[ AHE FAEH= estr-
ogen?] FIE LAAIA MES Ca¥ 24E &N7E A
o7 o Q.o Dick et al., 1996; Gallagher et al., 1980),

o]&] & esrogene AAY] Ca¥* F4E F7HFA HHYY o
AN doluhs e cat &4 AEle AeE B
53 T} (Prince et al., 1991; Adami et al., 1992). Dick & Pri-
nce (1997) AA BF FEo|AM FaBEA] Ca* EHo] o)

Hed ol AR EHAIRTY] estrogen®] FIEl dled
A 2 M =M estrogen?] Ca¥ZE A& 294 T
Aslolg, 2 & g, Jo] o)d wiolA Er-BSAZ AIRE

o] Ca™ uptake”} Z7Feh= A2 2 VFERGTH (Han et al., 2000).
329k o] 2|3k Ca™ uptake Z7} ZHE2 E,9) nongenomic
2802 genomicdt F-Eof| diFh TALE o]Fo] X|=] ¢kt
o 2 Al EE AR Asie | 597h
uptake’= A HAT) ol ATk= E, HelA] Ca* uptake”}
718 Foldke dx i AT & 2ol Brunette &
Leclerc 2001)E E719] A% Aol estrogend ]
SIS u] Ca™* uptaker T Zfol7} glglont, 4914
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Fig. 5. Effect of staurosporine, H-7, bisindolylmaleimide I on
E,-induced Ca® uptake (A) and Pi uptake (B). PTCs Were treated
w1th TPA (1 ng/ml) for 5 days or staurosporme (10 M), H-7
(1073 M), or bisindolylmaleimide T (107 M) (PKC inhibitors) for
30 min prior to the treatment of E,. Values are means£S.E. of 9
separate experiments performed on 3 different cultures. *P<0.05
vs. control, **P<(.05 vs. E, alone. Effect on E, on PKC transloca-
tion (C). PTCs were treated with E, for 5 days. Then, PKC tran-
slocation was conducted as described in 'Methods'.

LB estrogen HEAJlE Ca¥e B A Azel Z2
A &g Bloky ek AR o5

5 olg3td AY sigien] & i
(18~30%)2) &gl theh Hojfith B AP °]

o B 1R

ATFREN e Aol XA #HL AltE T
2Pl AL gloith SRR F7)7he] MA] & 39 ol Az
Al Ca** uptake® A HA ol Bt A A=
AFNM Ca* uptakeE AAT § Yuie 7HsAE ARG
shte] maay gzhgick 2 2 A7AER (Ohta et al, 1992;
Kim et al, 2003)% W& HEA) 39 Ca A7t A5
ta s ol AFA] TAE B F AT EJH A
2}94 AT Ca* FFE AAF] wWEe] WA
ZAlo] estrogeno] AR E o] Ca*o] ZVIEHA St AZLSHA|
gt
g, A Pl G4 HE TERE SR8 IRE EE
A e} ol d Pi A& o] APl aix] AR Al
Z A= BAEL] Na'/Pi cotransporter’} 1 5838 A&
Gt Ao g deiA At Murer & Biber, 1996; Murer et
al., 2003). Borowitz & Granrud (19925 FthE-3<] Wl %
e P A9 5 AUt Bejsta sl SvEE B
= AaEES Hol= Zog HuEy gIu) (Ushakov et al,
1983). &Zol= A1732] Type 2a Na*/Pi cotransporter] H &7}
A FE op7] s olEe] EthEEe wHel AEe]
st Adeol LE HAUT (Prie et al, 2002; Scheinman &
Tenenhouse, 2003). £ 2PN E estrogen?] ZHg-o] Pi 9]
78 UEhIE 22 estrogen®] ZFAl0l Pi x| 9] A7}
2] ZHETANE dold F Uvke 7S Balls
3ok fl9) HuES B AY Ave dEAA BE S
&2 A= estongend] ZHE UERYY] wize] B 4
24 29 A= A Fo A Na'/Pi cotransporter &3-S 7} AJA
A Pi uptake S F7) A|Z] Ael= I AEshs o= A}
23t) 39 B A wtlE Beers 5 (1996)2 F-73341
24 daHEES AAT A HECA ES A A%
= i 5z JAEATG T 3Tk
B Ag Al thE o]fE olut A Bdo] xlol ()
A FEZY Aol (B Ol 4B,
i uptake Oﬂ Aol AHEE WY o) ).
2 Barolx] AN estrogen?] Hi = HI A}
A ol L7 5 M7 7Hs s 5 ATkaL 8] (Dick et
al, 2004), 2 HFM AMEE Eo wxE At ¢4
2 zt=tin 312t o|#d K9 Ca® uptake <3 2 Pi
uptake ZHE-& GE T2 2S5 s AL AHEo] A
2] G o2 Hol Byt A% We] Z9A=d Al
Ca® WAl 2 pi tirjel] Bodsle] TthsE SEEs S
& NAFFEL Ut} Bstrogen G824l thekgk o A 4
A Aadea Exske 2oz fEiA vk (Davidoff
et al., 1980; Pertschuk et al., 1980; Isomoa et al., 1982; Hangenfeldt
et al, 1988). F7HA] AFolA B9l F2H8 H-9= A9Alx
o] FZ o]F+= Ao g dHH O (Verlander, 1998; Dick et

ﬂll’

r

o]z%\

[
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al,, 2003), Hol 4% T =T NEE E, 78AE i
S 9l Aoz velten AU thdst 7)eel st
I Lol HaHUTt (Han et al., 1999; Brunette & Leclerc,

2001). Tamomfenf estrogen T84 AYAZ dtyoz &
24 9131 (Elkak & Mokbel, 2001), progesterone = HA| estro-
genoll o8 A v Hgol ATHEE-E Ziz 3\
K31 (Han et al,, 1999; Bellido et al, 2003)%] 2 vk & 4
ME estrogenol] €13+ Ca®* uptake 1A 2+ 2 Pi uptake ?
718-0] progesterone X tamoxifen Hxzloll 23 ATiE &
Ao R Hol estrogen TEA7F A3 USE ¢ F U
o}, o] gt A8-2 12} WAL AAAL actinomycin D 2 ©
B g GAAY cycloheximideol] <J#|A A== Ao
2 Hol A|Z22 FdA @ wilAo o] FaF Js
S| ek LB R o|E| g AXe £ Ao} vk Ao
2 AR A7y AEE HEN A estrogen©] calcium ©]F
channel®] mRNA B ©hl o] A& F7HA ¥-&-& Ve
AohHe BoA R B9 M2 f3x 2 g /e
ek B317F AT (Van Abel et al., 2002).

B AHM FrEg AL Eo 93 Ca®* uptake <A
& AellM e Piouptakes 2313 F7HITHE Zojth A
T FEZT Ca* 2 Pi X E A BEn e =
He B m=FoA] Q1A o] HAWE o]o tigh Bie H4F
AEnit} Aolgt B E &2 ¢tk Ohta 5 (1992) E Kim
T 2003y A HEAlG A Ca X 9 P AVE BT
Z713ckaL i) WA HEAY] estrogend] $2X)71 BA S}
Al Hojz)7] ulEoll estrogen BFel 23 & F Ca¥ X9 &
7Fe A% ZHARFAEAM estrogend] o] wWE Ca*
Fro] 7Aae) I AFehs 302 ALREARE P9 S
whfo] H9-2 AFX| Er)h Nyda § (1948)2 ¥4 albino
RENA daHEEAo] A Ca® X "oz vha pi
A F7 R st 2 4848 A3 g Vet
Wt ofel] digt gt AL AN &
L o] Fojol & o7 Almdrt &
P EAH, 2T BIHH Na*/Pi cotranspoﬂerQ] Ho|
I 2055 A RITE A 7128 st B dEe 2
&5 estrogen©] Pi uptake =H-5 T3 SvhE59] T
A% g de 7S ZEval sk
= cAMPE F7IA71E adenylate cyclase”} ¥
O B3 It} (Rude et al, 1993). T35 Eatoll A
%%9 cAMP 7} £7130 e R YAl cAMPY #E A
S ] 9T} (Lindsay et al, 1993). Estrogens %
3 ATEA R ATHAHAEAN cAMPE F7H71H
(Fleming et al., 1983; Aronica et al., 1994), 2173 A = estrogen 2]
ZHgoll cAMP7} #HAE 3L 9l5o] ¥t (Koh et al., 1996).
Duarte 5 (1988)2 estrogen®} cAMP2] 3715 53 PTH £H]
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olX
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g F7/WA Ca 4ol Bolsta ke B sigivk &
Ao A= cAMP/protein kinase A (PKA) NEAEAY] 2+
AAAE] 8l estrogeno] 23 Ca®* uptake & L Pi
uptake 2}-8-0] AHE L estrogen M ZA] 147 ol $HGE
) cAMP ¥& S7H71E A2 YERY estrogen©l 2% 2
8o Jo] cAMP AE7} #ofsh= ZoE EpRTh ol
estrogen®l] &3+ cAMPY] 5717} olu} cAMP RES-R1AMES]
93g vl Ca”* E Pi uptake BHSo BoIstA] b AlE
Hrt.

g, FAF7IY BAMEANA estrogend] Z-goll 1o
PKC9] #&dAol o] e ¢JaiA RiH5l Ut} (Rosner,
1998; Peters et al., 2000; Lahn et al., 2004). Estrogen &7}
PKC 215 dgAst 45 dddhs 2 FA] olHg 7}
A& A 53 )Yk Migliaccio, 1998; Papaconstantinou
et al., 2003). Ruzycky & Kulick (1996) S 4] estrogen *2]A] &}
9] PKC isozymes?] &S Z7MA7Itka iy, B A
Az A5 estrogenoll 23+ Ca™ uptake 2 Pi uptake z}g-0]
PKC JAAE s Aa=A3 PKC 23S S43% 2
I MEEj A BEo] Zr)Ele Ao g Vel PKC 4154
AL Bt USS & T UATE IO cAMP B
PKCWH A= g2 Aol Wheol s Acw o
#Ax Q7] ol steroid BEE9] LI WA AR
T 2 AFoMe olEo] Fdhe AoR ekt ol
estrogen®ll 23+ 2719] cAMP ¥ PKC9 &Ao| o3 &
Axp b eizlo) el #ojste] B AgAse} e 2
gol UeAl ¢t Atmdrt old dig A= FF e B
Aog Alggt)h, 22302 17 estradiols cAMP ¥ PKC
BEE 5319 Ca® uptake= A 22 Pi uptake= £31 2}
48 sk AoF Yehhith

ZEAe 2
o] =E2 2003d% ST AT XY st o
FHeH old 18] 1A} =HUTE (KRF-2003-002-C00222).
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