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8. SUMMARY OF RESEARCH RESULTS

A patient with hypophosphatemic osteomalacia, who was treated with high phosphate,
developed tertiary hyperparathyroidism. Gene analysis of the four hyperparathyroid glands
revealed several gene mutations, suggesting that high phosphate concentration stimulated
parathyroid growth, accompanied by monoclonal proliferation of parathyroid (Reference(®).

To clarify phosphate-induced cell proliferation of parathyroid gland, we established
organ culture of parathyroid tissue obtained from patient with primary (I° -)or secondary
hyperparathyroidism (11° -HPT) . In this organ culture, intact PTH was actively secreted for
more than 1 month. When parathyroid tissue were cultured with high phosphate medium,
intact PTH secretion was increased and cell proliferation was also stimulated,” thus
reproducing clinical features of parathyroid glands in patients with [I° -HPT,

Gene analyses by oligo-DNA microarray, which can analyze whole human genes
at a single run (41000genes) revealed that parathyroid cells express abundantly collagens,
proteins for cell adhesion and morphogenesis, signal transductions, dopamine receptor D4,
prion, etc. Furthermore, parathyroid-specific genes such as PTH, chromogranin-A,
calcium-sensing receptor, and vitamin D receptor were also significantly expressed. When
parathyroid cells were cultured with high-phosphate medium, more than 100 genes
including PTH were increased more than 100%., and parathyroid cells obtained from
patients with II° -HPT proliferated to a greater extent than those from1° -HPT. Growth
factors which are reported to be involved in parathyroid cell proliferation, such as FGF-2,
IGF-1, or TGF-a, did not increase in response to high-phosphate medium, suggesting
parathyroid cells proliferate via unknown-pathway. By analyzing microarray at earlier
points, we are investigating what signals are the first to stimulate proliferation of parathyroid
cells in response to high phosphate concentrations.

N

KEY WORDS (1) parathyroid gland, (2) cDNA microarray (3) phosphate
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HeSERI N, RENICIIESLET S EHAIaNS GERIIIXXEOSR) .

Z T, BREMBIPRKBRMELHELS K UVBARLDHGERMER BRI
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E%TA\, B, COMRFLUROBEESRICIYRRINTIND (R
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FMBECHEONERFIRRIEED—E (@F 50-200mg) Z##tIL. TE
BEFERBREICOAS T VERAFLEFAOQVA YD aCBET. EOEEES
EREELA, BEAE BFOHEKOEER (MEM) (2. 10% 9 U RENE
ERIMUCEER (LT, “preculture IZEiE” &9 3) £HVE, #HYIL
FERIFIKIREEEI I F (0.5x1.0x1.0mm) 25— 2G40 VEL
[CEE T, 5%C02+95%air TICTHEE L, RRIMGE2EIEFIEEERE
KWL TOEN, HBRIC—ETHLNI ENHIBALTIVS,

A) BERPOD total WV IALAREEAF LDV LREDOHEE

—#&IC. ErOmMFDEAIV D ABRE(IL 8.5-10.0mg/d THBH., D
ESNMBEHEEALTBY, 50%BBA A EhIOA (Ca*t) &LT
FELTWS., E£YEMNICEELOEIEAICESLTWVRN Ca™"Thy.,
DIEE{E(E 1.05-1.20mM (2.1-2.4 mEq/L) T#Hd, & AT, TROEERK
FIZIEANOAREELTImg/dBADAIN L DLANEENTNS, BE
EERPICE 10%DIRFMEERNLTINS, ZDEDH, EERPD Ca™
(X 50%LAEER->TLEDS, REIC, BEAPOBRANCUARESL Ca™ R
EERFLTHDE. SEEDLDICHAY (8A—2) [ AW T LRET
566&%kﬂ®t:5ﬁ iﬂ%[E%&Cf’“FT%DLO SEDRER
/A TH- = bt?b\o’f\ 10% D™ /ﬂ“f?ﬂflllﬁé%t; preculture iﬂé,&qﬂ
DA U ARE(L 8.6mg/ dl L3N, REBD Ca™ BEEIPOEHILY
DAMFEEAELH>TIND, BB, REORRICE, hILPDA, UVEEE
720N MEM medium (GIPCO #2851 EXLAZHD) ([TEE. YA D
LERMUTKRREB R, BERDHEKRERTCRLE ((FT&. 46 -
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BEERFDOBAINCOLBEEAX LD DL (Cah) BE
DIV ILEZESERVWMEM BB RICE2DBEEDHIL O AEZRML.
EHIC10%DY U BRFMBEEMA THERK L /-1ZE & %E. CO2incubator [CANT
BERLESESD. BANDOLARE (mg/d) EA4F DI DL (Ca™) %
MELEDBD,
EFEEHTELTEETLTOWSEMOMAD Ca™ BEIL 1.05-1.15mM
(2.1-2.3mEa/L) fHETH . 4 DHRLAEBEERER T, CDEED
AN O LREIX, 5.5-6.5mg/dl FhET®H S,

B) intact PTH DfIE

¥ HRM. preculture IZBRTIEELZHE., DL TAHBWNIY VBE
EEIEBERPICT, S5(C 1 BREEL, EELFSFERL, -20C
THRELUE, EBEEFEHFENE. A5 —SVELITGRY 0TS EIFKIRE
fBLUDNAZBMEL. 1 T4y ahIIEENTIVADNAZRIELE, @E.
DNA SEI(3 1-2ug/dish THof, T HIT, EBHERPOD intact PTH BE %
CLIARICTHE L7 (SRL#HICHKEE) . Intact PTH DilE. &EE.
18 BRI ICH M E N/ intact PTH 8% ng/ug DNA TR LU=,

C) [PHlthymidine MERYAHDAIE
ZiHME. preculture IZEARTIEE LR, UV EBREEEA-IZERT
1~2 BIFEEE L, DWT, [PHlthymidine % 50 com F¥L. &5(C
18 BERIIFEEE L%, DNAZHE L, #HIHL/=DNA OXEBEETERICHL
o Fle, FREIRE VFUL—=ay - A0 —THEEESZNE L=,
T—4#(%, com/ug DNA TERLU=,



D) cDNA microarray [Z& 3 47
a) 2P TS~ )L DNA microarray (GEArray Q series, Superarray Com)
(Human common Cytokine, Cat HS-003) 2T 94 BDBETLFDHEIRL X
VERE L/, Total RNA %£3RERL /=1, 2P TLARJLL, E4 DEE
FD cDNA ZRY T /=>— b & hybridizes LEH E, XBREEIZCTR
KEEZRETIHETH 5.
b) Ajilent #® oligo—-DNA microarray
2003 FEEN SIE. 17000 @R VL 41000 EDBEEFERBFICEIFTE
3 Ajilent #t® oligo-DNA microarray Fv F&BWTRF L7,
VVREEZZAT, 1 H~3 AEEHE L /2R, total RNA Z#RE LU /=,
Z D total RNA DHE %R L/=#%. reverse transcriptase A\ T
cDNA Z{ERX L 7=, ZDE. BY VRETER L /AFREBEHAR,SE
bN=BHEEZBERNEERET S cyanine 3 TONILL, BY VEETIE
ELERIBRRABREBEMISEONEEBREREHEERT S cyanine 5T
SR L=,
DNWT, INHDEKXTINIEN/E cDNA ZE MEERFDERK
oligo~-DNA % % L /= microarray & incubate L., &4 DB LF AR
v MIHELEEXBEZNE L =
7. FBEEFARARY b (F4—F¥—) OLTFNEHAILE
#» & (green Mean Signal, red Mean Signal) . Ny 24559 RD
U FILVOBERMIEETTLN. green Processed Signal & red Processed
Signal Z3k® 7=, REMIC, VK> THEESINDIBELEFEKRD,
Log Ratio =log10(rProcessed Signal/green Processed Signal)
BE. 2L EICHEIRMSEML THESEIEBM. 50% LT ICRBHMFE &
NEBEEFENH EHERL =,
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A) Total RNA Dig#l%

CD—EDRERICT, RRKOHBELZHE=DIE, A4S VERICEEBELT
W2 B IKERMEAR KL U . microarray [CEREND (BN TUVRLY) total
RNAZKZICHRIRT D ETH o7

(a) MEADRER (FERK1 3EMN B I4FERE)
DNA microarray Z {79 5 (Z(E, 30ugbl LDtotal RNAZE L 7=,
BE. 4EOBPIRIRBES (1x1x0.5mm) 23544 )L EICEE
L. HA~30RIFELEE LH E. total RNAZHIHET R E, 1570y
a5 1-2pgDtotal RNAUMRIRTER Do, e, oM <ERERL
/=total RNAHPEMEATHY (B, 12—~ 28) | microarray [ZfE
ATE %3 Epure MRotal RNAZFS Z E(FEMNEHLEHTH - 7

FITRKEDHEZBESELDTES £ FNRIRIZEERDZHIZER TIEE
L=BRBRIEREL U, total RNAZIRERL /=& 25, #HEEZtotal RNADE
BNTWSZEMRBBLAE, LM T, total RNADTREUE (CHEN H
BDT(FRL, RIFIVEBELECHEBENHDENPHBLE (BB, ER
KRR ZER WK, BEHNDBSICEBEL DT, X#O., BLY
@ELTHERLE) .

W3R, A= VELICAEURIFRKEERE AN—TILERECT
BER->TWWED, D%, HBURPRYVSVWTNS S-SV EER
HICTHRRICYIVERY, FA4A Ay a2 TERNAHEAE (RNeasy Mini
Kit) [TOWNT, BRBUTHEBTAIAERCEELEEIA, K5OKBE
7htotal RNADSERERTE AR LD (Chro /e (K2, 13R—-UHE) ,

(1) #HHDORER (FRK15-165FER)

FERISEECR>THMD, TNE T, 2400BDBEELFEBEIFTTE SDNA
microarray (/402> T, 170008 ~41000 0BG FE—EICBITTE %
oligo-DNA microarray WfERTE S KD [TARo 7=, T Doligo-DNA micro-
array ZfALV5 & total RNADS S uglZEHNnIL, +HICHBIRTES LN
HIBA LU=, F£e, IRFEOBRCH =G \D, EBHTRIFR total
RNAZIRIRTEBD LS ICIE-> TS (B3, 14X—~DFHE) . LEDLD
BHEITHERERET. 3FEFLEEEBPLT. £5®L. b FEIFRIEMHEED
EREFVBIFTERLIINAAT v A REEITE,
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Ed2 : Total RNA®Melectropherogram
RNA O—EMSRLTVS (RBRES24, FHH03/6/17, #iKA6/26)
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E43 : Total RNA®electropherogram
RNADSSBEICIRNTI\D (RBRES36, FWHA04/1/7, #HiEA1/20)
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B) BEARDHIN D AEBEN PTH Db RITTE

FRIESNETEL., BERPOANDABRENELLIZBICDONT, intact
PTH OihddlEnsg (4) . 4§, MAPOBAILL D LABED 6-Tmg
/d QAT intact PTH 92 (TGS TV, TOBDA A Al
CYUABETII-1.3mM ICHE LA, ChiE. EEAORIRRIFMBEDO AL
LD set point KYPPEMETEHSH, BEINTNSEFRIFMEBEESE
HUE RIS EETEERRDOHDTH 5, LN T, BESFIKERMARL,
BALEEORFRIEOZ LS, £EMNA Ca BELYBOPRPEIVEZAT,
intact PTH OB IIH SN TS ENHIBAL =,

EEERDBAI Y LBED intact PTH DRICRIFT S

407
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E

107

/ /
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Ca concentration (mg/dl)

Bl KRR B RETTHESE K Y DRI IKBRIEYI H % preculture 2B RTHARM
BEELER. WIVOUAREZZLSHAERRICEER. 25(C12 KR
EELUEEIC, BERPICHWEINE intact PTHREZRMEL =,
SHICHIFKBRUIADDNAZRAZE L. EERPICHBEINTEL intact PTH
B% ng/ug DNA T&ERLE, 7—#I13FEHESD (n=3) ,

LU, RBBICKEGNSHESH Y., FICREFESS PIRREEETELE

DEBONERIRRKERE. SHNPULAREDEERTEELTH, PTH Of
WHENZ UWMERDSSRBH S,
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ﬁ%'l’étall ﬁiﬁﬂﬁ’f&ﬁ‘éﬁzﬁr LY @mllﬂﬂ&ﬂ%ﬂiﬂ])#’& preculture iﬁ%&f HEM
BEUER UYVEBEERZZLSEBRRICEER. SHICT2HFREEBELE
BRI, EHRBICHBENE intact PTHIREZAELE (B54), &5IC
3H-thymidine DERYAZEZRELZ (@—@) . Intact PTH [d ng/ug DNA,
3 H-thymidine MEX Y iA#[E cpom/ug DNA THRLF. F—#EFEHESD (n=3) ,

B RRIEZ AL CO)

LEDX DB FMRERICT, MABEERE, BEREZEOFRRRTE
CTLWAMHEZREFHFLTVS EBDNIEDOT, RFEMEFIRIRBEETTHELE &6t
RUERIFRIRBEEEN SFONLRRRBRBEZRANT, VU ICHT IR
G RIZDDE D ELEBIRE U,

a) EEEMPSHREE S PTH OO WMICRIFT RS
AKAROERBOEHNI(Z, REIBICHAEY, BEREEZOR FIRBHBRTS
ZFTWBIRKR%E, in vitro DIFERTHIRL, U (K5 HM0ERELF % REE
THRIELICHD, LEF>T, ZOREBEERTEFIRREROBENLEDIE
E. REINTVWADLERT L,
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FEREEELGERERPRESETEEEELVREHELTO LW ZSR
RKIREHZ2 1~4BIZEBELTHE, BEE 20mg/d) BLUERBE
(10.4mg/d) DY 2 SAFEERICZEL T 1 ABER. PHlthymidine %
AL, 18 B¥REIE(Z DNA [CHR VA ENMEHEMSZ R L

HMREI—sBULEICHEY, #BIEEEZFRIFLTEY, PTH ODWMEEHIERTH
o, EHIC, BY VEBEDIEERICTPTHOSMMRETIZEHEIASN
oo UDL. BIFRBRMAREC L > TREBHERENSELZY. UV (CHT 2HERENE
BROHNEM>EEHDHH 7= £/, PTHO B U VICKVRIHEEIND
mEbH N, FIBMENBOONBZWNGEESLH >/

T, B7(CRULELDIC. SiRMEEIFRIRBELEEN OB OSN/EF
RIREHRS., —sALULEICHEY, HRIBEREEZFRIELTESY., PTH O
HIEETH-=. LH L., UXICHTIRICHEIE. 48BBLYUSD 1~2 BEIC
RHFTHDZ EMNHIBAL /=,

17



6 :1° - HPTOEIFIRBRED U > [T T 5 RICTHE

400
<
=z
0O 300
(@)
=1
5
o 200
C
o
£
Z 100
I

2.0 10.4 2.0 10.4 2.0 10.4

[3H]thyrmidine (cpm/ug DNA)

20 104 20 104 20 104
1W 2W 4W

6 : FERMEIPRBRBETEEEEDOFRNIFICEBONAERRBYE 21 ~4BR2% L 1-1%,
BV 20mgd) BLXUEHY > (104mg/d) DOBFRERICTISKREIEHRRZ. 3H]thymidineZ /M L.
BURAENBEEEZcpm/ug DNATRUE, FRICEEAEZRIL, BEERICHBENS
intact PTH# ng/ug DNATR U7 (F—# (4 mean £SD, N=4)
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7 :11I° -HPTORIBIRRRED V) > 12T B RIGE
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pm/ug DNA)
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[[*H]thyrmidine (

(YNQ Bvi/bu) H1d 1oey|
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400 — 40

200 |- 20

[3H)thyrmidine (cpm/ug DNA)

.2.0.._. 10.4..__ — - @
1W oW

B7 : £ R B R RS EE B EE R E DO FHHICHB SN RIKBRYI A £ 1 ~4BRIS % L 12,
EY > omgd) BXUEY Y (104mg,/dl) DOIZFERICTISEFRIEHE,. [BH]thymidineZ ZRINL .
Y AENAMNEHEM%E cpm/ug DNATR U, BEISZEALSFERL,. BBAEPICOBENE
intact PTHZng/ug DNATRU/Z (F—% (3 mean £SD, N=4)

19

(YNQ@ B7/6u) H1d 1o0eiu|



LHL. RERICKY., GoNZRIFRBREEIICIKYRNCEGZS LY
9 [B] ([RHFMEE|FIRIRBEELEE) BXV 10 B (R4S FIRREEETTHEE)
DEBRERER8ICRLE, /=, PTHODMWIR 9 [CRLE, HRED
EDNFRHEBRKENDT, %increase TR UK,

(A) FRFEMERFIRBRBERETUELE (B) #HFMERIFAKBREARETLERE

THPT-3HER U A2 2HPT

600

500

400

&Y >avr Y avr

THPT-3H(98Y) 2 HPT-3H(106)

3 106]

&Y vavr &Y avr &Y >avr &Y > avr

EEMBLUVEREEIRRBBETEEOFRRCEON-BRRENFE 12
BREZE preculture ISERTIEHEE. BUVEE (20mg/d) BLUFBUVEBE
(104mg/d) DIEJ/FETEEL. 18 BREIDEERRET [TV 2 En/[3H]thymidine
% cpm/mg DNA TRU7E. 2 DRERII. triplicate £7/=[E qudruplicate IZTTo
ThY. EFt9EERLE. THRIXMEY VEE@EE 100 LT, gV ViBEEE%
THRRLEHD, *P <0.05
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9 : REME L VRFEMLE PRRBETEERELY

B on7=8)RIKIR B D PTH 5 A BE
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300 pz

Rt R PR AR FL A

aepnsenrets

PTH(46,
48,27,3

&P P

300
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50

B S B BRI AR E T A

EP

B 09/ oAl

# P

PTHOWBEIZE7& 8 [CRT T, BOWABICE > TEULINSHEDKEN DT,
BY VEREDERRTIER LU/ LEDOPTHODMEEZIN%ELT, S VEEODVEE %

increase TR L 7=,

Intact PTH D 4i#h, 0.2-100ng/iug DNA & REREHICL > TREFENHS

Roonf, 7413, SEORBEROFHLSDTRLE. BREOFRZFEENRDON

o7, BRMTII. pairedttest THEEENSRHON

(P<0.05) .

FRREMETH, HERUETH, UVICRIELUTPTHOMMMSIBINT 5 Z PRI N,
FEMELERMEZLERT S L. PRY. SREOABY VICRIELT, LUED
PTHS Y S NBARMEED Shie,
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E) DNA microarray (C & 3 #iRIE5E R FD iR

RERFIBOHH (2001-2002 &F) (%, total RNA D+ (THRERTELM
f=DT. total RNA B3V & (~5ug) THEITTES DNAmicrorarray (GEArray
Q series, Superarray Com) ZFA /=, BIFIABR#MIAZ preculture IZERTH
BREEEE. BY VEE (1.2mg/d) BXUEY VEE (10mg/d) DiE&ERK
(T3 HMEE L%, total RNA £HiE L. P TSR LEDSE DNA
microarray (GEArray Q series, Superarray Com) [T 94 BDELEFDHFIA
LRIVERES L. ERO—BBIFIMICTHREL N, oD T7—2(FHIR
HICZ UL, £k, B TESERGTFHBRONTIVE,

% Z T, 17000 f~41000 EDBEFE—RICEFTES Alilent 70D
oligo—DNA microarary ZHW\T, U ICKUREINIELFERTT LA,

a) EIRIKRMEAR(CEE DBREF

£2HXIUHE 10-14 [TRT &L, EFRIFRBMRBTRDZE<S<EBRLT
WBBEEFE. &4 D ribosomal BERGT. #MfaEEREF (LU (Luthern blood
group), osteonectin, fibronectin 72 &) , FEEFRKETF. signal mEEEGF.
prion (X82545), DRD4 (dopamine receptor D4) IR ETH o= HHADZ &
TlEH 58, BIFRKIRFIEY (PTH) BEFLELSRBFL TV, Ek.
D&Y PTH O RESN/ZIFE(CIE. PTH mRNA OREIRD 2 fF:5<
EIMULTWE (B13) . UL, PTH O MBRESNESD > HBE(C(E PTH
mMRNA OREIBLUANIVCEEREEIRO OGN o= (K 10) . BIRIKERE
TH PTH OBEGEFVPESFERLTWVEDS, U VICRTIRICHEEIBD Shah
o (B11) . _

L L. —flomRESIRIRREEETHEERES X USSR FIRRES
(. PTH Ot (F—=FERET)H PTH mRNA ORBHEHTZ LMo
o TNIEBEZESL. preculture IEBEERPBEEDS IV U AMAEICIZ > TL
B8, COBZEORNFIRRMEITIE CaSR DRIFHIHFEINTHEY. T8
R. PTHODEK - MG SNEZDOTHAS EHILTWS (B 14) ,

ZDfth, BIFKERMED (C4SBE RIBEMLRF E LT, chromogranin A DFIRNE
<BHLENF, F£/=, vitamin D receptor (VDR) ® AT U ARMZBE
(CaSR) DEBRHBPH LN,

b) BIFIRBRMRADEIEICESL TWS LHNENTWSEGRF

FGF BEDEEFY TGF BEDEREREFERI(CRLIL
B VREOEBRICLXVEEL TS, FGF BERGFOHEICHERELRZELE
RHoNED o, LML, TGF-BMRPEMLTIWVE (R3)
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P10.0mg/dl

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

K10 : 1° -HPT $H&D VY (I3 5 itk

%1308 (PEKATHS51HETRNA#H)

(#36, H16/1/7FA)

CRRN1
coligen type | \

DRD 4
Lu

1 LRRN1
#—— Ferritin HC
—{" TNFs14

PTH

1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05

P2.5mg/dI
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P10.0mg/d!

K11 : RIERRERE HEgED ) VI BRI

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

EEZEIOHE (PEZEATHS52HB TRNAHE
(#24 H15/6/17 FilFH)

1.00E+01

1.00E+02

1.00E+03

P2.5mg/dI

24

TIMP Lu

coligen type |

1.00E+04

1.00E+05

LRRN1

Ferritin HC
TNFS14

PTH

1.00E+06



P10.4mg/dl

K12 : II° -HPTHZED VU > [T T DRt

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

EE6HE (PEAXTHS 1 8RETRNAH#T)

(#42, H16/4/7 FifFH)

Lu

i Prion
<> DRD4
TNFS14

[ VEGFB

1.00E+01

1.00E+02 1.00E+03

P2.0mg/dl
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P10.4mg/dl

13 : II° -HPTHED U > [T T A iEtE

(#42, H16/4/7 Fi78)

EEGHAB,PAERATHNS4HETRNAMEL

Humanin
1.00E+06 Lu
Prion
DRD4
1.00E+05 TNFS14

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

P2.0mg/dl
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P10.0mg/d|

B14 : 11I° -HPTHAEEDO V > ICX T Bt

#26 (H15/7/9 F#AH)

2% 140 8 ; PEZEZATH 518 HTRNAKIE
TIMP

Lu DRD4

1.00E+06
Col1A1

SPARC
TNFSF14

1.00E+04

1.00E+01 1.00E+02  1.00E+03 1.00E+04 1.00E+05 1.00E+06

P 2.5mg/di
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c) UVICKUFHESIhBIEBETF

BYVEEORERBRICEKVIERTAZEICEKY., 22U EICENL BTG
FH8 100 AL ERSH SN, £ 12 UTICRRBNHEINZELEFD S0 #
FEZEOHOENE, LHL, REBIELICOPHRABMIZLWZ EDHH /DT,
RERERBELTHS publish THFETHD, 48, microaray (I8 TElA
DT, S#%&lL. LVEEHDHIARBEHEFHAREL TN FETH S,
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E FOBIFIRIRITES, KK (~30mg) ODREXTHY, EFOFIRIR

MREEELT, RELERBREIBEETHS (10) » TNET. BREMELE
ERMIIRFBETEEOFEMHFICEONCIRRREZIS S F—ELE
(CT. BRI E OB L T, PTH OB ERBRBIZERFT LRSS EIEHS
<HBH (10) . 3-4 BIFEEETHE Callksd PTH OMRIFEINEDON
BL<IEH>TULED (1) . Ihik,. BBERETS L. FIFREMEBOHN D
LEHMERE (CaSR) WHHELUTLES O THA I ENHBBLTINS
(12,13) . A, EBHNCOLBRE (0.5mM) DIERAERTERELT, &hiLYy
I LARE (3.0mM) THEESOHEINDEDHELH SN (14) . 4 HLURD
EETHD, <. Riter CS (F. DIORIBREREEZAIS -5 F—E4L
BlLfbE, 5=V RICBEL,. EMEERARTIERET S LICLY
BV O AICRBBIRIGT 2 3 RTBEREEILTINDS (15) . B8FHK,
B IRIRMBE A HIE T (2, BRI AEE L T, organoid BEEFREFEL T
WS HEBERHYESTHS (18) ,

BEnLSIT, F—;h)b‘/-jA;;a!#@iﬁﬁ}&(:fimuc PTH D40
INFED in vitro DBEEIHZ<H SN, B VEEOEERICRIGL T,
PTH D4Ry, %Elﬂﬂiml'@b\ﬁﬁéhtto)iﬁiiiffﬁ&b”c VIR,
FNE, U ICHT3RIFRIRMROEBERICERET 501CEF, <&
HHEAMOEEYESLETH Y., TNETOHEE. SFIKRAROEBEEEF
BUBHOEETES VAT LABRAEINTWNGED D TH S,

1996 (VY. I DRIFIRIBEORS A RELIES Y FORIFRKIRE E
B3TERANT, BYVEEDIEZBERICKY PTHOMBDSRIRENE Z MK
EBHSMICRo T (17,18,18) o LA L. collagenase LEB(Z L UESNI=E
BRIRHRR TIX, U (I 2 RIEHMTER L TV,

D%, b FEIFIRRHERERBNT. Y VEREDEERICEY., PTH ©
SBDPRERESINBZENBESIN (20) » 52, HRMEIPIRBEETHE
ERRORFIRREIREEIANVRCASST I —FABLTEONHRERSR
EFEDEFEBIERTAEICKY. WIVDIAICHTIRZIEERIFTE
EDBREDNREINTNS, LHL, TOEERTHE., YVICHUTEERE

(05mM) BLUSEBE (4mM) T PTH OMBNREI NS ED—EB, FEE
BMRRISEEZL. invivo ODREE#IFLTWS EET N0 (21) . F.
SREDHIVY O ARTIERT 5 - MBEBSREEENSZLE, invivo TD
RIEEFBTARBEODRERINTINS (22) . D%, b FEIFRIEHRE%
Keratinocyte IZEROEMFIZERP T 60 BIZEEBETELLOBRENH S
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(23) .

RDEDTEL, UVICHT B REEZRBRICOIEZVRELZE FORIFR
REFHROBREERREINETICRESRYEALST. COLXIAREEERER
ZRANVT, UZICKDIEEHHBBZRALEIS ELEMREEETHY., X
MREOLBNERTH D,

Eﬁﬂﬁﬂlbbt‘)%"E*ﬁ’é?lifhé*%‘f(i ﬁ?%’lﬁm']ﬂﬂkﬂ%%ﬁ TLEESE
BFET D, FORREIE. SUVNETHAZENHBALTWSN, 5U M
FEMME. BIFKBRMROEBHRERETSODEFRATH S,

?“Z’?(Et ERERIRIRBEESEAEEEE S VS ONERIFRIREZRANT.

REOEERICRIGLT, HREENSRESNIGBEEERERD THE
_L'C%to 6. COREEERTE, Y VEEDOEERZRICRIGLT
PTH ONWBIRESINDBZEERIVELRE. LENS- T, HREME BIRIREEE
EEEEZEDRIFRIRTEETNWBAHRARKREERIT in vitro DREBERTHIR
T&ERENWZS,

l %] 6 &J:U‘I 7 L?]‘TJ:D L. ﬁ?%’rimUEﬁJkﬂi%@ﬁ'éﬁLrbctU
ERMAIFRKBREEAEEEELVSEONEAIRKIRIEEZ 1-2 BEIIEEEL
=12, FIMU TWBIEELEF% oligo-DNA microarray [CTRRFLIEEZ B,
£ # @ ribosomal protein % #8 & . Lutheran blood group glycoprotein,
osteonectin *® fibronectin 72 & DHIfIEER F. @4 D15 —4 > EH. vimentin
BREDEEERICEAE L TWBREGEFVPESERL TV E, 0/, HIAE5E
[CEEUTWAEBMEFNZE. BELTWe, £ HREESPIRREEETTE
EETIL. prion EEHORBEVED THEONDHDBRHLNE (R2E5]R) .

Fre, FHENAELDIT PTH OEBEGEFIBHTELRELTIVE, &
512, PTH Q9% TEEIL TL\D chromogranin A BEG:F (24) OFIRHEE
ZlCRHont,

ECAT, REMTDH., SiRMERIPINIREBEALEETSH. CaSR (25) ®
VDR (28) OFEBMFEL L TNBZEMBMENTINSD D, SEID microarray [
T. EEETHHEHMYETD CaSR & VDR EEREFHBTNICRHRIELTNWWAR I &N
RN, EREADOBIRRBREAF TS EEATELZDOT, EEE FOE
FRRIRMERR & LEB L TWVR DT, CaSR ® VDR ORIRMNEL L TNBINEH
(IFREBATH S, LHL. CaSR*® VDR ORIASEFEICELS BIE->TWSBZ
EFERTHY. S BRBBELLEBRELTHERL,
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U /LJ: U& OJJ: P, finah?@%iﬁ,b\%%it(i?ﬂ]‘rﬁﬂ SNEMERTTTS
=%, microarray ([CKYREF L7, H¥(E. 100 BREEDEBEGFERITTES
microarray AW TiVE, RIEIDI|MESE (8) TIL. insulin-like growth factor |
(IGF-1), transforming growth factor-pg 1 (TGF-B1) , TGF-b3 (TGF—B3) ,
fibroblast growth factor 17 (FGF-17), c~-fos induced growth factor ZxE D
HRPY VICKUBESINTLSBERELEDN, T—20BHREMNZLIN &
MHBALE, K, BATEIBGTFHERODLE VD, 2003 FELEE, £
HDBIGFEMRIFTTE S oligo-DNA microarray E&E BT L,

BIERRIREX. RREMETHN. HERMETHN. monoclonal 7xi85E%E L T
WBZEMELNIZEH-O TS, CNODHIRIICE N THIRRIEE(CEE L T
B3EENTNWBEEBEFHENETHIEERESNTNSDT., CNHDEET
DENEICDNWTHRF L TH =

a) IGF-1

IGF-1 (TH o & BB NITHEERFTHY . ZEAETRXTOHE
([ZXt L T anabolic TEAZHIET 5. INET. BIFIKBRHERTS IGF-1
IGF-1I DSHIRIESEICEAS L TWB ZEMMBNTINS (27) , LA L. §E
DHBEBERTIE., UICHTS IGF-1 ORIGIEZFNIZEEELHOTIEAR
Dol
b) TGF-a

TGF-a HEIFRRMROBIEICE S L TS EDOWED H 5 15(28,29).,
2D in vitro DRTIE TGF-aBREFOEZ (X, FhIZERELLEIRDHEN
Tholz. £, WKDODHOODRERTIE, TGF-b ORRLANILBTTELTINS
ENRHHNTINS,

TGF-a [ epidermal growth factor (EGF) SR& (ST 2, ohE
T, BIFIRKIRIET(E. EGF SBAORERMSAELTH Y., EFEIFRKETIE
FELTWEWEESNTINS (30) . SEIDFKL DEERFRTIL. EGF DFIR
H EGF SBGEDORBFAEML7=2HBDTHY., U VI U TORIGHESAER
bOTIEAEDM- =
¢) FGF (fibroblast—growth factor)

FGF family ($E|FRIRMROEEFSIRFTHD EDBENH S (31,
32) o LHL. B4 DEIFRIKIRHERERAWVEHREEERTIE. UIIHTS
RIGTHEL®H E U BETE AL =,

d) Angiogenesis factors
W< DHD angiogenesis factor HIME R RMEEELFE T, HRDE5E(ZRS
ELTWAZENHALNER>TINS (33) . KLADRBRRTE, MEARE
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HBd —#ICEEINTWAEHAZINTWAN, WEDEZ A, VEGF %
DEGFOEBZEIHEVUY S EEBEELTWVENWLD TH S,

E%ﬁﬂ$hﬁﬂ Hﬁf?%h%ﬁﬂ$#ﬁ% ENLHERETH
CaSR ® VDR OEHRMEL L TR ENMONTINS, FKL2DRERTIL.
EFEPDORIFRIRELEBRFT D EEIAFIEARDT. ERMELHERMER
FIRIRESEE A EEDOIFRKIRTEDREE., CWHDEBEEGEFREAMNSEL L TN
WBNEFREATH S,

ZIT. REEEGERMERIFIRIRBELTEEN OB OSNLRFRIRTY
VT ARIGHEISENSRDOONZIDOENERF L. REMITESDGH
BEEF (cyclin D, MEN-1 72 &) @ loss of function mutation [Z&L2 2 EN%
<. GRMBIRIRBEEEAEEI NS CEROBGFREEICKES LI,
Tz, HBREETEY VICKVYBERIEDFIBEINERTH S EHHNENT
HY., BR, HeDinvitro DHEWBERTHY VT IREHEDENSR
Sz, SHEE. COBEMNOHKEEERZANT. EEMEEEHMEE
FIRIREBETUEEDE W IDWWT, EFEZERT, BREFLTOEEZL,
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o)

EENEDLSILBHFETY VREZBRMNT 20N EFRATH D, KIBHE
PEETRUEY—DBEb>TWAIEBHMOENTHY., FAETHRE
B2 BRABESEEL TV SHEESH .

AN ABHMZEFEDOLS S, AMFICY VBRINZIBENHZ0THER
BHTHD, LHL, BERMNAERELT, BYVNENHDEANEDENT,
SRR (FOIEET 5, COMBIBREBESRBAEShWNE, EREE
[CFEL T 2HRMER FRBRBETEED FHECBBEEDHRENTE 5.

HMRETIE, UVICRIGLT, MREESREEL, HD. intact PTH
DORWHLET S E FAIFRBRMREORBEEEREZIZEZX 2 ENTTHILL.
& 5T total RNA OFEFUEICTIRZE S5 LT, K2 < constant [ oligo-DNA
microarray [CTRATEDLDICH /=

ZL T, EREEFIRBEEEE S GRS PRREETEENSF
SN RIKRMERS Y V(I L TEDLS (THIET 2 0%, BRI L
EZA, ERUEIFRBREEAEENSBONLIFRIEMBAKLV D, HKiF
HEIRIRREETUEEL O/ ONAFFRRMEROA D, U ICHEL TH
FUEHET HMEEB< AL TSI EDPHIBB L,

NEWEHINFEEEBETES LS REANT—FBTEDE. h
DETHBM., 4FBEM>TLES e YA HOT LA DRRIFICIZIES(C
BEOFEELEETHDT. COMEESHRLEDLS CRESETUL D
#oTWE, LML, 2004 & 10 AICKEL 7 MLATHRSNAKES
RBHLICT. RRI—CTRELEECS, HEAFEOH LAZDSEHD
BESHMSH o/, £CT. SE(E. MDD EO—3t & HEFEAEE
EEZT, WEICRTLTOEEN,

RKEIZG-E=D, CThoDF—2IESERIC, BRRBEETIEED
impact factor &L\ J Bone Miner Res #:5IZiRIEdh TH B,
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LR

@ BIFRBRMERROEIT

CDAFRBICHEAARTRELEIETHSH., BIRKIRMEED cell
line #BITENIE. COARVPRIEBHICRETSZENHETH D, <N
£T. Sy bORIRKIRMIRE 140 RETHRRTELEDBEEH B (34) |
2R IARRMRED cell line (FEETHS (35) . Bai. MEN1 EZEDEFIKER
MOMRABERII L2EDHRENSH -0, NENRERROMIKETH Y.
PTH (FEE L TWVRL (36) , €I T, BRXFOBERESICT, BRI
BEEDOIREENABIFIKERBRZL Y, BIFIKBRED cell line DBHIIIZHR
FEL. 2004 1 BICEFRAILTTRLVE (B2EHOG) ,

INE, A TVELLEEEL TOWSEIPRRMES—D, BXKUEE3I 7A
BOBDON—DTHD, WHESBD TEVNOPHEEITHIHN, BEAILSUA
MEEDEERTEET S L. BELFICE intact PTH SEBEICHMEINT
WBZENHBLTEY., HAETHD TORIBRRREOHBHROBINTE
F5TH B,

@ BANCYAMFEORREICET AR

LERICAND DAY TUAL NEREICKABET, BAINT D AN
ZECTLEN., REEIFREREAEEZREDONT. ARLUEEGAZERE
BRUE, COBFIBHBREEENSIHEY. AL UAELTIHS3 52D
ERLTEY, SANCVANMEEZERLZLESDOEHENEINDS, B8P, 5
A9 AMENBH VRN S, intact PTH NEETH > BN H Y, KF
AT ALABHREDE BN DT, REBEILZVS, REEEHILSD
LRRESAIN D LAMESEDONE, FIT. de novo [TEULEAILYD
LEHZAE (CaSR) @  gain of function mutation 2L, COWEED
—&#8% AT, CaSR ODBEGEFEITEITo /=

CaSR DBEFEINCIIREELS, AT UA - HTUAVNERIELT
DoBANL D LAMESHELEDT, AL O A (FEHAKZROTY VB
AN oL) BREBRICEKE2EHINCDANETHD EZ2HMENE. ZDIE
FlEBERATBESDIRIGECREEFATH S (LKD),
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Homa sapiens cDNA FLJ34218 fis, clone FCBBF3022311 . | -4.63E-02
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Homo sapiens ribosomal protein $6 (RPS6), mRNA oo 7.78E-02
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which is a Kruppei-type zinc finger transcription factor that regulates the expression of cytokines in T cells
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< Table2 >

Representative genes in the parathyroid glands Log ratio | P (2.0mg/d) | P (10mg/di)
1 |PTH parathyroid hormone (PTH), mRNA 2.61E-01 2.52E+05 4.60E+05
2 |VDR vitamin D (1,25- dihydroxyvitamin D3) receptor (VDR), mRNA -1.57E-01 9.10E+03 6.34E+03
3 |CASR calcium-sensing receptor (hypocalciuric hypercalcemia 1, severe neonatal hyperparathyroidism) (CASR),| -1.20E-01 6.58E+03 4.99E+03
mRNA
4 |[CHGA chromogranin A (parathyroid secretory protein 1) (CHGA), mRNA -1.59E-01 6.54E+03 4.53E+03
Fibroblast Growth Factors
1 |FGF23 fibroblast growth factor 23 (FGF23), mRNA 2.28E-01 5.03E+01 8.51E+01
2 IFGF13 fibroblast growth factor 13 (FGF13), transcript variant 1A, mRNA 1.23E-01 3.28E+03 4.35E+03
3 |FGF4 fibroblast growth factor 4 (heparin secretory transforming protein 1,) (FGF4), mRNA 1.19E-01 1.77E+02 2.33E+02
4 [FGF12 Fibroblast growth factor 12, a predicted growth factor that may play roles in cell signaling,| 9.64E-02 2.75E+02 3.44E+02
neurogenesis, and heart development
S |FGF3 fibroblast growth factor 3 (FGF3), mRNA 7.43E-02 4.50E+04 5.34E+04
6 |FGF6 fibroblast growth factor 6 (FGF6), mRNA 7.29E-02 3.11E+02 3.68E+02
7 |FGF2 fibroblast growth factor 2 (basic) (FGF2), mRNA 7.13E-02 1.08E+03 1.27E+03
8 |[FGF17 fibroblast growth factor 17 (FGF17), mRNA 4.93E-02 8.56E+01 9.58E+01
9 |FGF1 acidic fibroblast growth factor {alternatively spliced} [human, cardiac allograft, mRNA Partial, 357 nt]| 4.83E-02 4.56E+02 5.10E+02
10 |FGF20 fibroblast growth factor 20 (FGF20), mRNA 4.11E-02 4.54E+02 4.99E+02
11 |FGF14 fibroblast growth factor 14 (FGF14), transcript variant 2, mRNA 3.58E-02 1.98E+02 2.15E+02
12 |FGF11 fibroblast growth factor 11 (FGF11), mRNA 2.58E-02 1.12E+03 1.19E+03
13 |FGF19 fibroblast growth factor 19 (FGF19), mRNA 2.06E-02 4.72E+02 4.95E+02
14 |FGF7 fibroblast growth factor 7 (keratinocyte growth factor) (FGF7), mRNA 1.00E-02 2.51E+02 2.57E+02
15 |FGF18 fibroblast growth factor 18 (FGF18), transcript variant 2, mRNA 5.83E-03 4.22E+02 4.28E+02
16 (FGF5 fibroblast growth factor 5 (FGFS5), transcript variant 1, mRNA 0.00E+00 4.33E+01 6.38E+01
17 |FGF16 fibroblast growth factor 16 (FGF16), mRNA -1.32E-03 1.47E+03 1.47E+03




18 |FGF19 fibroblast growth factor 19 (FGF19), mRNA -1.85E-03 1.37E+03 1.37E+03
19 (FGF8 fibroblast growth factor 8 (androgen-induced) (FGF8), transcript variant B, mRNA -4.95E-03 3.23E+02 3.19E+02
20 |FGF22 fibroblast growth factor 22 (FGF22), mRNA -4.86E-02 8.54E+01 7.64E+01
21 |FGF21 fibroblast growth factor 21 (FGF21), mRNA -1.11E-01 4.48E+02 3.47E+02
22 |FGF18 fibroblast growth factor 18 (FGF18), transcript variant 1, mRNA -1.36E-01 2.13E+02 1.56E+02
23 |FGF10 fibroblast growth factor 10 (FGF10), mRNA -1.85E-01 1.07E+02 6.99E+01
Transforming Growth Factors
1 |[TGFB2 transforming growth factor, beta 2 (TGFB2), mRNA 2.23E-01 4.26E+01 7.11E+01
2 |CTGF connective tissue growth factor (CTGF), mRNA 1.95E-01 4.61E+03 7.22E+03
3 |TGIF2 TGFB-induced factor 2 (TALE family homeobox) (TGIF2), mRNA 1.34E-01 2.17E+02 2.95E+02
4 [TGFA transforming growth factor, alpha (TGFA), mRNA 3.15E-02 1.01E+02 1.09E+02
5 |TGFBR2 transforming growth factor, beta receptor Il (70/80kDa) (TGFBR2), mRNA 2.89E-02 6.60E+02 7.05E+02
6 |TGFBI transforming growth factor, beta-induced, 68kDa (TGFBI), mRNA 1.68E-02 1.45E+05 1.51E+05
7 |I_1000057 transforming growth factor beta-like family, contains a transforming growth factor beta (TGFb) 6.62E-03 5.06E+02 5.14E+02
8 |LTBP2 Latent transforming growth factor beta binding protein 2, contains EGF-like and cysteine repeats, -2.10E-03 1.75E+03 1.74E+03
9 |TINP1 TGF beta-inducible nuclear protein 1 (TINP1), mRNA -3.44E-03 7.70E+03 7.64E+03
10 |TGFB3 transforming growth factor, beta 3, mRNA (cDNA clone MGC:21261 IMAGE:4477175), complete cds | -4.70E-03 1.09E+02 1.08E+02
11 |TIEG2 TGFB inducible early growth response 2 (TIEG2), mRNA -2.63E-02 9.18E+02 8.64E+02
12 |TGFBRAP1 transforming growth factor, beta receptor associated protein 1 (TGFBRAP1), mRNA -6.42E-02 4.06E+03 3.51E+03
13 [I_960574 factor, a homeodomain transcription factor that represses SMAD2 (MADH2), -8.33E-02 2.14E+03 1.76E+03
14 |TIAF1 TGFB1-induced anti-apoptotic factor 1 (TIAF1), transcript variant 1, mRNA -8.69E-02 1.28E+03 1.05E+03
15 |TGFB3 transforming growth factor, beta 3 (TGFB3), mRNA -1.02E-01 3.95E+03 3.12E+03
16 |TGIF2LX TGFB-induced factor 2-like, X-linked (TGIF2LX), mRNA -1.05E-01 1.23E+02 9.63E+01
17 |TGFB1 transforming growth factor, beta 1 (Camurati-Engelmann disease) (TGFB1), mRNA -1.24E-01 9.06E+02 6.82E+02
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£13% . MEM EZ &R O ML k&

K P (2.0mg/dl) #E

&= P (10.4.mg/dl) BE

Ca7.2mg/dl  PO.9mg/dI(8¢\ 1 iX 1.4mg/d)

CaCl, 199.8mg/l (Ca72mg/l)
KCl 400

MgSO, 98

NaCl 6800
NaH2PO, « H,0  8.1(12.6) %
Na2HPO4 33.0(51.3) *
D-Glucose 1000

Lipoic Acid 0.2

Phenol Red 0.25

Sodium Pyruvate 110

L-Alanine + HCl 127
I.-Asparagine + H,O 50
L-Aspartic Acid 30
L-Cystine - 2HCI 31
L-Cysteine HC1 - H,O 100

L-Glutamic Acid 75
L-Glutamine 292
Glycine 50
L-Histidine HC1 - H,0O 42
L-Isoleucine 52
L-Leucine 52
L-Lysine + HCl 73
L-Methionine 15
L-Phenylalanine 32
L-Proline 40
L-Serine 25
L-Threonine 48
L-Tryptophan 10
L-Tyrosine(disodium salt)52
L-Valine 46
VITAMINS

L-Ascorbic Acid 50
Biotin 0.1
D-Ca Pantothenate 1
Choline Chloride 1
Folic Acid 1
i-Inositol 2
Niacinamide 1
Pyridoxal HCI 1
Riboflavin 0.1
Thiamine HCl 1
Vitamin B,, 14

e e e

84 #
3408#

# (412722 XS NaH2PO, - H,0 : Na2HPO4
=1: 4THEM. DFEYH NaH,PO, - H,08.1mg/l &

Na,HPO,33.0mg/l TP +b—%)L09mgll 2L T
L-Alanine 25 W53)

ZOMOMRITHEERLTTH %,

% (B#EICRD XKD NaH2PO, « H,0 : Na2HPO4
=1 : 4THEM, DFD NaH,PO, - H,0 8.1mg/l

v

Z3UT 9.1%FCS ¥ 1(FCS 100ml/ 1000mIMEM)
FCS100%1Z}3 P121mg/,Cal59mg/l & £ T W5
DT, 7747 P20Q25mgl, Ca86mgl &732%,

ZNIT 9.1%FCS ZRINFCS100ml/ 1000mIMEM)
& Na,HPO, 33.0mg/l TP F—4 )1 0.9mg/l
IZLTW3) FCS100%1213 P121mg/1,Cal59mg/l
FENTWSDOT, 771 F)b P1o4100)mg/l,
P104(100)mg/l. Ca86mg/l &75%,
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