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ACTB pB-7 77~ BetaActin

Ba YU 7 . Barium

Ca #nv v Calcium

CaBP Hh v v L& s v X278 Calcium binding protein
CaSR  H v v LEAIZ AR Calcium-sensing receptor
cDNA #H#i#y DNA complementary DNA

Co =z} Cobalt

Cr 7w/l chromium

CTR1 #fg%kx v X278 1 Copper transporter 1

Cs ¥ v 2L Cesium

Cu il Copper

DMT1 Zffi€J&4 4~ b 7 v AFK—%—1 Divalent metal transporter 1
DNA 74 %> VY KR Deoxyribonucleic acid

Fe # Iron

FPN1 7 zw R —F ¥ Ferroportin

Ga 4V v Gallium



GAPDH Z V%A T7ATe F-3-VviETse Fvusr+—+%
Glyceraldehyde-3-phosphate dehydrogenase

iP MY ' Inorganic phosphorus

LRP2 X771V v Low-density lipoprotein receptor-related protein 2
Mg ~7 % v . Magnesium

Mn =~ v 74 v Manganese

Mo %V 75 ¥ Molybdenum

PCR KU X7 —+¥###HXIL Polymerase chain reaction
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PTHIR EIFRF 5 v ZAK T (BE/MEFRVE Y ZEE D)
Parathyroid hormone receptor 1

PTHrP EIHURER S V£ VB X v o378 (LR/MEFRLvE v BE & v oX
2’4)  Parathyroid hormone-related protein

qPCR &M PCR Quantitative real-time PCR

Rb n v v 2 Rubidium

RNA U FE Ribonucleic acid

RT ##5zE  Reverse transcription

Se 1 v Selenium
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TRPV —ldMUEZSREN AT F v F v A3 777 Y —V Transient

i

receptor potential cation channel subfamily vanilloid
VD v 4% v D Vitamin D

VDR v 4 v D%E%EM Vitamin D receptor

Zn HEfR  Zinc

ZIP7 Zrt- and Irt-like protein 7

ZNT5 Hfi$h b 7 v 2K — % —5 Zinc transporter 5
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Abstract

In dairy cows, perinatal diseases increase the risk of maternal mortality and
lead to decreased productivity. In particular, difficult childbirth can lead to
fetal death, and when it occurs, there is a large economic loss. In dairy cows,
uterine torsion during parturition has been cited as a major cause of difficult
delivery. Furthermore, hypocalcemia (Ca) is known to be a risk for difficult
delivery, including uterine torsion. In addition, it has been reported that
plasma zinc (Zn) concentrations are lower in cows with difficult birth than in
cows with normal birth, and abnormalities in mineral metabolism are thought
to increase the risk of difficult birth in cows. On the other hand, there are few
reports that have investigated the effects of uterine torsion on the fetus when a
mother cow develops uterine torsion. Furthermore, although uterine torsion
usually develops during pregnancy, a small number of cases have been
reported in which it occurs after delivery, and its clinical and epidemiological
characteristics are not clear. Therefore, in Chapter 1, we investigated the
clinical signs and epidemiological findings of 23 dairy cows that developed

uterine torsion after parturition, and found that lochia and gas accumulated in



the uterus around 10 days after parturition, and the uterine body It became
clear that it was twisted. In addition, he had abnormalities in his ability to
stand, such as difficulty or inability to stand, and blood tests revealed mild
hypocalcemia. As for treatment, it was easy to reduce the uterus either
manually via the rectum or by rotating the uterus in the opposite direction of
the torsion via the abdominal cavity through laparotomy. On the other hand, in
the case of uterine torsion during parturition, calves born from cows with
uterine torsion had a stillbirth rate 7.85 times higher than calves born from
cows without torsion. In addition, trace minerals in the blood of dairy cows
with uterine torsion (n = 15), cows without uterine torsion (n = 27), and their
newborn calves (n = 9, and n = 26) were investigated. When the
concentrations were measured, serum Zn concentrations were significantly
lower in cows with uterine torsion (p < 0.01), and copper (Cu)/Zn ratios were
significantly higher (p < 0.05). Regarding newborn calves, it was revealed that
calves born to mothers who developed uterine torsion had significantly higher
serum cobalt (Co) concentrations (p < 0.01). These results suggest that
uterine torsion occurs not only during pregnancy but also after parturition, and
it has become clear that mother cows that develop uterine torsion have a
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decreased blood Ca concentration. Furthermore, it has been revealed that
uterine torsion affects not only the mother's cow but also the mineral
metabolism of the fetus.

From the results in Chapter 1, blood Ca concentration decreased in dairy
cows with uterine torsion, regardless of the calving period or postpartum. In
addition, mineral metabolism was affected in calves born to mothers with
uterine torsion, which led us to believe that mineral transport from the mother
to the fetus via the placenta may be affected. Therefore, in Chapter 2, we
focused on the mineral transport mechanism in the placenta of dairy cows at
the end of calving. In the mouse placenta, the Ca-sensing receptor (CaSR) is
thought to regulate the action of parathyroid hormone-related protein
(PTHTrP) expressed in the placenta and influence fetal Ca metabolism.
Therefore, a caesarean section was performed on dairy cows at the end of
pregnancy, and placental nodes were collected. We divided the placental nodes
into the uterine caruncle and lobules, and examined gene expression in each
tissue using real-time PCR. We found that PTHrP was more prominent in the
uterine caruncle than in the lobules (p < 0.01), and CaSR was found in the
lobules more than in the uterine caruncle. (p < 0.05) Significantly higher gene
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expression was observed. In addition, gene expression levels of Transient
receptor potential cation channel subfamily V member (TRPV) 5 (p < 0.05),
TRPV6 (p < 0.05), and LRP2 (p < 0.01), which are involved in Ca transport,
were higher in the lobules than in the uterine caruncle. was significantly
higher. On the other hand, there were no significant differences in the gene
expression levels of CTR1, DMT1, FPN1, TFRC, ZNT5, and ZIP7 between
the uterine caruncle and lobules. Furthermore, blood was collected from the
jugular vein, umbilical artery, and umbilical vein of the mother cow and
newborn calf at the time of caesarean section, and the PTHrP and Ca
concentrations in the blood were measured. PTHrP was not detected in the
mother's blood. However, PTHrP was detected in the blood of newborn calves,
umbilical artery, and umbilical vein. In addition, blood Ca concentration was
significantly higher in newborn calves, umbilical artery, and umbilical vein
blood than in the mother (p<0.01). These results suggest that in the placenta
of dairy cows, CaSR senses the blood Ca concentration of the fetus on the
lobular side, and PTHrP produced in the uterine caruncle regulates Ca
transport from the mother to the fetus. .

From the results in Chapter 2, it was inferred that PTHrP is involved in Ca

12



transport in the placenta of dairy cows. Therefore, in Chapter 3, we
investigated whether PTHrP is involved in mineral transport in bovine
trophoblasts using cultured bovine trophoblast-derived cells (BT-C). It has
been reported that PTHrP upregulates the expression of the Ca transporters
TRPV6, Calcium-binding protein (CaBP), Sodium calcium exchanger 1
(NCX1), and Plasma membrane Ca2+ ATPase (PMCA) 1 in the intestinal
tract of rats. ing. Furthermore, knocking out TRPV6 is known to reduce Ca2+
transport activity from mother to fetus in the mouse placenta. Based on these
findings, we hypothesized that CaSR senses Ca concentration and PTHrP
regulates the expression of Ca transporters in the bovine placenta as well.
Therefore, we created recombinant bovine PTHrP[1-141] and applied it to
BT-C cells at concentrations of 0, 0.1, and 1.0 pM. When we examined
changes in Ca transporter gene expression using RNA sequencing and real-
time PCR, we found that TRPV5 (p < 0.05), TRPV6 (p < 0.01), and CaBP (p
<0.05) significant increase in gene expression level was observed.
Furthermore, when the expression level of TRPV6 was examined by Western
blotting, it was found that the expression level was significantly higher at 1.0
pM than at 0 pM of PTHrP (p < 0.05). In fact, when we investigated whether

13



Ca was taken into cells using Ca imaging, we found stronger fluorescence
intensity in BT-C cells at 1.0 pM of PTHrP than at 0 pM. This suggests that in
BT-C cells, bovine PTHrP[1-141] increases TRPV6 expression and promotes
Ca uptake.

From the above, it has become clear that uterine torsion in dairy cows
develops around 10 days after calving, and abnormalities are observed in the
ability to stand. Furthermore, it was assumed that mother cows that developed
uterine torsion during parturition and their fetuses had abnormalities in
mineral metabolism. The results of this study showed that PTHrP, which is
normally not detected in maternal blood, was detected in the jugular vein
blood, umbilical artery, and umbilical vein blood of newborn calves. In
addition, in the bovine placenta, CaSR in the lobules sensed the Ca
concentration on the fetal side, and PTHrP derived from the uterine caruncle
was thought to regulate fetal Ca metabolism. Furthermore, bovine PTHrP
increased the gene expression levels of TRPV5, TRPV6, and CaBP in cultured
cells derived from bovine trophoblasts, suggesting that PTHrP promotes Ca

uptake in bovine placenta.
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FieBnT, SR EA v 2 (Ca) MECHE Y v IIAE 12 EEPE D
L% T L X T % (Bahrami-Yekdangi et al., 2022), X 51Ic,
SIIRIREICAR Ca IUE % FEIE L 7240 1%, FEREDFRAER B L Y |2 & A3 5 2
& 7% o T\ % (Bahrami-Yekdangi et al., 2022), % D 7=, HEEE L /3 Mififh
DI A INMRHEE L, BHFOHECHETFORTCTOERLE LY, KE X
FFERICO RS, HFICET 2 RN AHEDO VD LOL LT, TEER
IRH% 0T &3 % (Klaus-Halla et al., 2018; Sickinger et al., 2018), 1 =2z
iF, RFOREIMZ5FIERI L, BTIED L ERFDOITICORDES T LA
XN T A (Klaus-Halla et al., 2018), F=EiRd513, BF2ATFENICHE
ET 2IERIICRAEL, Zolg AL EnciEZ 5, —/HT, 40T1H
1SR, MRICH RIET 5 2 &2 2 flo A3RE X LT\ 5 (Matthijsen
and Putker, 1989), E# 51k, EMNICH T MBI T EREREZ v 5
5 EEWEL TV (AM & etal, 2017), L22L, S TEREEOME
BB 7 <, 2 DFEAER, WBICO W TEAHER SV, £ 2 TH 1
BTk, SRIC T EIRIn 2 FIE L 723U 23 plicow» T, ERREE, 2%
FITEE. ZWE. B X OCREEIC O WTHRET L2, X 5. FLF 0
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(I Ca MUEA M & 7o TH Y, (K Ca MAED 2 oA N/-F 4135

FEDORERPT T Lo, phlloTERize I 7 RUEICEL T, 7

ERER 2 FIE L B R B XU O A TA IR 2 4 7 VIREE DR 2

FEL 77,

A BT A& Ca fIfEIX, LFEXREY BT 2L d» 0, RFDOAL LT,

MFicbwE2525 & 27, 22T, BHE, B+ D Ca iz

%&l

fiiT sz rEe L, BIHRERLE VEEL V28 (PTHrP) I

HHL72, PTHrP 1%, WAL HAOANRME cEFIL L TH Y (Thiede and

Rodan, 1988), £HAD Ca fAEHHICEASG L T3 2 &2k S T 5 (Grill

etal, 1992), ¥ 5, PTHP / v 7 7 v b~7 X TlL, IEELRIBTD Ca

R# 2 HEF+ 5 2 L3 Cc X w729 (Kovacs et al., 1996), PTHrP 1%, IE%H

BT ORBICHHEDOHEA LR ZL TR EEZLNT WS, #ZTHE2

BT, oI ok, Aol X 2 ERECL,

PTHrP %4 L 728 B 2 BHAD LT~ D I A T VEHEIC D\ TRRET

L7,

E2EOEEIS, FolREdcko PTHrP 23588 % /) L 7= BHE 2 & 15T

~D CalRicl G523 E 20N, BEICB T Z2EHEDL LBEF~D Ca

fXiciy, TRPV6 % CaBP L w2 b T v AFR—X =5 L TWnwbZ &
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23 X T 3 (Dilworth and Glazier, 2009; Suzuki et al., 2008), L %>

L, PTHP BEH o4 R CHRIEL Tk Y, Ca b 7V RAR—%—%4
OZENo DIEHE SO CHL2»ICT 22 L IINE#TH 5, Invitro I
B2y vopBEeEr e LT, KRERIVMEZLIN Y RERBREEE
M7 (BT MlER) 23 X T\ % (Suzuki et al, 2011), % 2 CH 3 &=
T, EETHfEx v > PTHP 2/F L, BT #ildko—R#H<TdH 5 BT-

CHlifgicamsin L. Ca ik FBDZAIC O WTHRET L 72,
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AT 5 FERERICRE T 5 RRFERFE

B
il

Fliebn, — R FEREE, SBHcEZ 23T
(Bertschinger, 1997), & 512, 43l @ 1 &2z (Frazer et al., 1996) 4145
A o 1= 125 (Brooks, 1999; Penny, 1999; Ruegg, 1988; Tandle, 2005) 23
WESNTEY, FERRBIERMCGEZ 23N T05, LaL, 56k
2L ABEICENENTFERIEZFIE L 72 & W 5 E 2 H 5 (Matthijsen and
Putker, 1989), % (%, ¥tk 12 HOF Fics W<, A FEMH 3607 12
g L 72 fERNCEE L, 20k, 2tk 10 HAR ISR iels 2 F8hE 3 2 423
HFRICRD b T, 2D, KETIE, Sk TEREEFIEL = 23
BHc oW, % OEFREE, ZEWRE, BXORETEZHL 2 ICT S Z
ExHIE L7,

¥ 72, o FEIRR I, U OHEICE T RIICED b
(Klaus-Halla et al., 2018; Sickinger et al., 2018), AT DI LR, KRR D
FELIT b D70 53 2 FRFHIB R DK ¥ 728 C©H 5 (Klaus-Halla et al.,
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2018), MO FERER T, fho#E Icl~ T, BEMIICX 2 Ca il
BRI TN TE Y (Aubry et al., 2008), #iED 4 Cclt, LEDL
iIclexcifE S (Zn) REMEW & 238 T 5 (Dufty et al,,
1977), & MiCHBWTIE, MEF Zn, H (Cuw), BBX U (Fe) Lok
T, WEEIC D% & XT3 (Shen et al., 2015; Thaker et al., 2019;
Turan et al., 2019), & 52, Cu/Zn lLDORE D F/-FHEICE#ET 2 & Wb
T\ % (Thaker et al,, 2019), a-%v b+ (Co) i3, IEHFZRTORKICE
HuFETHY, Co LV DEfEIX, EREDOY R 7 ZHEME 25
(Kocylowski et al., 2019), IfiiE+ L >~ (Se) #EMEIX, MR XY b RAMET
K<, HAEROHANEL EOMBNS 2 2 & 23 X LT 5 (Tsuzuki
etal, 2013), TDX I, BeA7n I A 7 NGO RE D, IO RHE,
BLUORTFORFEICOT1E, LirL, FEHEOHMBRY, At o FEHiRinIC
B BMEH D I A 7 VREORBEICBST 2 @& 1372w, 2 D720, i
DFEIRERIC DT, MEYRIAR, FEREESR & v o ZZERIE ARG E & I

B EAEF PR OME I ATV EEL I A T NVIREOHEE 21T > 72,

Ml L O
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1) ks

2013 6 A5 2020 4 7 H £<ic, JuimEdEgtysicswc, oz

TERIRE W I N 23D RN R 2 4 VIFLU S 2E L . Z DM

%, ENZNDIEFI DR R 2 2R EICEE L, BREIEEZ TN, oI,

EAER e LT, 2RE2 O, RIEL 72T EA, B X ORI R, IR

W, o2l COHE, FEX, B I Pk tofEz il

7zo B E XV THOHEDL L, ZERE X PR TIEREZRL L 72,

o, JuimEdpgt T CHEIN T VA X A4 VAL 425, B

Lz oA L 272 0N o7 E iRz O EICHEE L 72, 7 9510]

DIRPBITIH U T, FEISHEEZ FAE L 7284 (maternal cows with uterine

torsion; MUT, n =15), TEIREE%ZFAEL T WA (maternal cows

without uterine torsion; non-MUT, n=27), MUT 2> H4 L =84 +4

(neonatal calves from cows with uterine torsion; NUT, n=9), non-MUT

6 HAE L 728414 (neonatal calves from cows without uterine torsion;

non-NUT, n=26) OZNZNDOEIC/H T -, RHFEOER, IR, B

X OFFEREZHFEL 72,

2) IjEkts

IR BRI D OBRE S o, 17T Hlics T, BWTHAEE 3 HUA
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DM R Z M L 72, ML, gk 58EL, EDTA-2K, 7 v
ftF+ V724 (NaF), 85X 7L — % (Terumo Corporation, Tokyo,
Japan) 1IZ40F L 72, NaF, B8X 7L —v &I, 1,200xg, 155&E 0L,
ZhzZ i, BXUOMELZHEL, oK 4£CITRIEL, HehIT
HLIRER AR E 2 » % — (Hokkaido, Japan) (AL, 4IMBREH4L (Sysmex
XT 18001, Sysmex Corporation, Hyogo, Japan), [MiR4E{b2### (TBA-
200FR, Toshiba Corporation, Tokyo, Japan), I X UNILE & H 43 (ALC-
760, Jokoh Co. Ltd., Tokyo, Japan) i CHE % 1T > 7=, MMRAECEBEE L,
xvoxog (TP), 773V (Alb), a-Z7u7V v (a-Glb), B-7
o7 Yy (B-Glb), y-Zu7Vyyv (y-Glb), IHR#EEHE (BUN), ¥
7AEE (Sial), Zra—2 (Gluw), #rv v (Ca), #EHEY v (P), ~
s s (Mg), TAASTEVBET L) LIV A7 =7—% (AST), -
TNREINETVARTFL—¥ (GGT), LI 2T LIEHIEE
(NEFA) %R L7z, MEMRERRE, PEEzE R L, e

(Akamatsu et al., 2007; Alberghina et al., 2011; Motoi et al., 1984; Smith et
al., 2019) &ML L 72 b 0 % HEfE & HIE L 72,

SO FEIRIR D FIc O WT, pIER DR, B X0
FRR 2> O MR Z BREX L 720 7235, FTAET4 O MK I WIFLAG SRR L 72,
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TEPE L 7= 742 6 IR I3/ o e o 72, 0 N2MHRIE, L —vE
(Terumo Corporation, Tokyo, Japan) Z43E L, 37°CT 15 iR,
4°C, 1,700xg, 15450 L, 35 N7 % B4 2 £ ©-20°C Tl
FEORTFE L 72, —HR DG 1L, ALWRERIRBiE £ » & — (Hokkaido, Japan) (C
‘AL, Ca, iP, 3L U Mg ZHIE L7z, R ORI, MEI L7 LVE
EORIEICHH L7z, $74bb, IMIF60uL, X ImL OHEEE (63%
wt/wt) A7 F 7 7dm A FF oo (TEM) 4 v — IR 72, R
HE LT, 50°C2 47, 30°C14y, 180°C20 43D~ A4 27uv x—7 (START
D, Milestone General K.K., Kanagawa, Japan) T/ L 7=, 4fif L 7=#ik
1, 1%MHEE (v/v) T250 f5ICAML 7z, Thzefmhuke L, FHEHES 7
7 X~g&imtr (ICP-MS, Agilent 7700 X, Agilent Technologies Co.,
Tokyo, Japan) Tz I & 7 VIEEZHE L7z, ICP-MS O otr5effix, *
LICRL7z, WEEEHEL LC, 7AY v L& 4 Y)Yy L (Merck, Tokyo,
Japan) Zff L, #@#ik (18.2 MQ cm) 1%, Milli Q SP-TOC system
(Nihon Millipore Kogyo, Tokyo, Japan) X 0 57z, WHR®D % tHEEHER
(TraceCERT®, Sigma-Aldrich, Tokyo, Japan), X W€ ) 77 v (Mo)
E e (Wako Pure Chemical Industries Inc., Osaka, Japan) % B 7R
L, ICP-MS ic X W BB A ER L, BiEhofE I 4 7 VIRE 2 HE L
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2o WIELZZMEI AT 401X, Z7us (Cr), ~vH v (Mn), *Fe,
5Fe, Co, # Vv L (Ga), Se, rv 7L (Rb), AtruavFv L (Sr),
Mo, &+ 7 L (Cs), U w24 (Ba), Cu, Zn & L 7=,
3) R

It T EARERAEN] No. 23 IC2oWT, REK XV FEB XU TFENDOB
BB EZ{T- 7z, HEHHEEICIE, 10MHz oEBREH v —7

(MyLabOneVet, Esaote S.p.A, Genoa, Italy) ZF\ 7=, F7-, @& KL
i, WEIERETE LCE 1, (R LTE6RHICZENE T - 72,
4) T ENHT R O MR A R

DMt T EIRERF FOAE L 72 8 FEFNIC DWW T, TENIFERZ BRI 72,
REBI No. 1-5, 7, & XU 8%, RPN 21T - B%ic, Rl 227 EHAD
HEIETE 2 & 18G DFH#Z AL, 10ml >V v ¥ K5 L T EWNEF— R
ZEHLL 72, No. 6 3BT Z21Tb e o72729, iz HEL, &IE
IC TR AT — T e FEMNICHEAL, 20ml &Y vV TlRAL TFEMNE
MR ZRT, JBonzFERNIFERIE, MEsEREIcEMEL, 37°CT 24
IR E 2 (T o720 KB L2 = — 0O W CHIEEOFE 21T 5 72,
FEBI No. 5, X6 iIconWTid, dbimaEdleg o & PR 4 pr ic R 7ol i
HO[EEZMKFEL 72,
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5) GRSk

ST eI A FRE L 72 9Bl o T, #RER X Y R ToOMET
EREAEE L BREBHTR. 1613, TENChT—TAE2FEA
L, TENEEREIEES 2 2 L cBEZRAA L (TERNAT—T 1K),
13 1%, HHERVIRE 1T, X Y ik etz BE 2T 72 (B
I8, ZNENDOBBEEOTHRERAEL =, JEHI No. 7, XU 10 TIZ,
FANEATIC X 2 JEEN 2> & DEIE A WRETH o 772, FH 2RI ES|
L, FEYIHZT> THRRL 72, PRElfR, = b L e MECTrEE “EHiks
U, WA CF 5 ORER 2 vtifte, EREX VIRinzRE L 72,

6) HEatfEHT

IR ERIR & FOIE L 72 R OIRIE T A L RIS T IR DT, B X Uitk
WO EIgizDER, IEYRIAR], JEREER DT, Fisher O IEMERIE %2 H v
720 S UEHHO T B2 OIME I 4 7 VIEEE X, Mann-Whitney @ U BRE I
XY UT & non-UT BEZ I L 72, T XCOMEHENTIZ, R (TheR
Foundation for Statistical Computing, Vienna, Austria) ® 2 7 7 4 h )L -
—HF— - [ VX =7 2 —RATH 5 EZR (HIRERREWNE S Wiz EERE
vE—, BWE, HA) ZEHALZ, p < 0.05 3HICEEEARL, p
< 0.10 FAERMEMIEDH 2 & AR LT,
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RS

It IR FAE L 72 23 D 5 B, 20 PliZERAE T, 3 HIZFHIE
MOERDIEENEE C2W S e, EFREICX 220 Tk, BEHXY 75
PHCHTEE L 72 0 R LARHnif (2 2 E2 372 S LI K o TR AIRETH - 72,

FRIETcC2WiE Nz 3BlD 5 5, 2 BlIGEIRE % 5E > TT - 72 ARG IS

NS

T, 1HNIEMB L EREMR P ICEZ I N, ZRZNoEFICE VT, 12
R IZFEEETH Y, —HOoFEMABRIL T 2& AL TV
(X 1,

23T N TITB T, BIRARE BRI T A2 S FEHWNIr 8l
R otz (M2), BEFNIICIT> 7= T EOBERRE T, THENICITH
L7eH R R4 ERSN (K3A), FEEOREZMNS = a—tkoTEN
B, BIXOETa—olFEl2ED b7z (K 3B), mFEE, FEHNICHA
DI IIFED b T, LEIIIHERL 25, FENOIERIZTZED bz
(K 3C), &bic, 39.3°CLAEDFED 23 it 13 6 (56.5%) iiEw b
720 230l 16 il (69.6%) TR OEENRD LN, 241 (8.7%) %
RENLANRETS © 72
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R L 2 TEAR, ETEAR G, ArEAas 14617572 (F2), K

TEMPLET NI L b 0k 241T, AR 7H7E -7, HTFEA
PEFANCIREE L 72 b 013 11T, EHE3HI7E 72, BIRRERE S
LOFEMBLELEDL LD HIRINL 7225, GFEMITATIMIIC, Kf
AR RICRIET 2HEAICH 572 (p<0.05), kT = ialn o iR
R, XU o2k E coHE CFAELESD) 13, 2z n
2743107 H, 38X 9.6+3.7 H7Z 57z, FEX (CFHEESD) I3,
3.3X1.6 BET, 90%LA FITKERENT2 o 700 ZRERIE, 23 Hirh 8 4
(34.8%) T, 7HNIIMME, 1HNLREE 72 (FR2), lRTIHEIL 234l
H 84l (34.8%) 7207, T HIC, MEATE o7 3HIZFRL 20 fHICThb
EEm AR L, 3P EOMEELH - 72,

MR O#EFR (£3) <k, 1§ TP, Alb, a-Glb, B-Glb, Ca,
K OIP (%, HEHEEHFH X DIKfEE R L2, —7F, I y-Glb, Sial,

AST, ¥ XU NEFA [ZHAEHIPH X v & &7z - 72,

TENETH R OME Z A <l, 83~ TicI\T Echerichia coli %
I &3 3 KIGEREABRE S iz, X 61, fiEf No. 4 Tl Trueperella
pyogenes, No. 6 Tlx Streptococcus uberis ¥ X U\ Brevibacterium spp. DR
BRGDRD b T,
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REBAFE, FEAAT—TAE, BIXUOHEROBERIE, 2zt h
9 firh 8 5] (88.9%), 1#Ith 0%l (0%), ¥ L1341t 9%l (81.8%) 72
o7, B Z1To729 b 241, 1HIIRERBHFECT, 1HIEZFEN
N T — T METEERAIEE 5 72 b D7 5 72, REGH T HER CBIEM 217
S THNTBRFL 7228, TENAT—TAERICHBELZ 1HlRTPEARR
7oz, BEMiCIBEL 2= 9flicownT, IEHEN CIRIETF B A %0 L,
BT IANC R L Rt iR & BON A IC iR & ¢ 5 2 & T, BSciRin
fRERT 2 C & TE T (M4A), RIEHER, FEOMBEIZERCEY, ¥
EOIEARD bz (K 4B),

SO FERER L, ER, HRIEEIC oW, MUT & non-MUT o
MICHERZIIFED bl o 7228, FLEFIZ MUT T non-MUT X 0 F
BicEmr o7z (p<0.05 #vRXH 7.85) (F4),

# 51, MUT & non-MUT oIfilil I 4 7 VIEEOHEREREZ R L 72, 1M
HH Ca, BXWIPEEIZ, MUT, non-MUT & % ICHEHEEIPH X 0 & F[H]
> T\ 7z (Smith et al., 2019), i<, iP 1, MUT T non-MUT X Y b 55
IR EA 255 - 72 (p=0.083), [MiE Zn iEfF1E, MUT T non-MUT X
b HHEIEL (p<0.01), Cu/Znttix, MUT T non-MUT X b b HEK
ICE» o7z (p<0.05), M Se B IE, MUT T non-MUT & Y HHEIC
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EWHAICSH - 72 (p=0.067),

A FEOMG R I A 7 VB, £ 61K L7, I Co I,
NUT T non-NUT X Y 3 HEICE» o7 (p<0.01), IiFiP (p=
0.070), Mg (p=0.090), 55X U Zn (p=0.058) EE X, non-NUT X Y
b NUT TIERWEF 2 S > 72, I Se A 1X, non-NUT X v $ NUT T

b‘1@ﬁ75§35 @) f:o

EE

AP ICBWT, —RIAFERIRIE, RS2 OANRIE I HBFRIEICEHET
BHbEEZ LTS (Aubry et al., 2008) 23, BHO 2 RIEL R ITABHTH
%5, AW TIE, DGEOTERIRL, FENICKRTFIFET 5~ a1
ERE & Bp o Tz, MR T ERIOREIL, TENICHEKRE DS 5 H
Fao N A DRI DFE0 b, BETAFH EBIE L T, RO TEIREET
1%, RO I L CTEOREMEED b i 5 (Frazer et al,, 1996) 23,
it e, BB CHMA S 3IRY, WS 22 RIMIZAD bk d
o7z XD, PR EARIOEMORE X, —RIAFEiRite B
VEETH D LEZ DN, BEFIRER, TENIrEYONGIcEHNTH
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2720 L DIEBICBNT, ERRETTENICHE LT 220, 12

AL 2 I35 & & A3 C & 7z, {REEAALIZ T ERE T, ArEAIRLETIE

K

i<, BFEMRATRICRER T 2D o 7o, MaHHFHIE, Ml CE

H

572 3% R 20 3 RCCTRR® b, DMMBERNRCHKHAELEL, T
ENEER S O IKBREESRE S e, S 5ic, EERREHELUT 28245
o7z, BT ERIL, 72tz 21 HUAN O FEAZ M 5 2 S eI B L <
TG DT E NI 58O b 1L 5 (Galvio, 2012), 53 #ts FEisinix, 5
Wete) 10 HICEREM LR R O b, EEETERoRE L FEEL <
Wiz, LA L, DMtk Eiginid, IR AREE L o 2RI EES) O B
BRDHLND LWL LTET bk, 2R, kT =006 R
R BRI ILZ L wd, RIZEES) o B -CTEGR A T B oMb o J& R R
B ollIcEN EE 2 o, MRAEIEREORR, MiE TP, XU
Alb IBE DT, y-Glb, B XU Sial IREDEELIED bitiz, Alb DK
T, BXU y-Glb o8 (Karreman et al., 2000), ¥ X f Sial @ &if
(Motoi et al., 1984) 1%, MIFBBIC LI RIEEZRL T3 EEZ LN, [
Ht AST, NEFA RZEDEMEE CaiRfEDRMEIL, iR =i f3a 0
IANF—NTVRILfoTwdeFErbl, L2Ladb, ADI AL
F—oNZ v, FEROAL M TH Y (Wankhade et al., 2017), 5
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Wt 7 AR R e MRZE AL 22T LB & 2> T e o 72

—fkiIC, FFITE T B MIRD I 0.7-95% L Vbl TWw %

(Esslemont and Kossaibati, 1996; Markusfeld, 1987), L 2> L 7255, itk
TEREDO%ERI, 2361F 841 (34.8%) LEWAMAICH 72, 2D
LL, MR T ERIRERIEL 2R, TEORBEARE WHEAICH /2
LERBLTWS, Xbic, AFick T RBERORERIL, 3.6-28.1%
L #Hif X LT B 23 (Esslemont and Kossaibati, 1996; Han and Kim, 2005;
Markusfeld, 1987), 7r#ute ¥ Eizimo 4%, P72 < &b 23 fFi 20 {4l
(87%) THREEIEFRZIFFEL T, 72, M TEIRIRE FIE L 724
iX, WK Ca EZ R L7z, NAHEE (Hajurka et al,, 2005), F& %,
F X OB Ca UE (Heppelmann et al., 2015) 1%, 15 [B1{5 D EIE D H
Kb 3, I, FERNICETAPTELTCEY, FEORIEEILL
HADITEIC X 2 FEAEDRIFHE T 5 FEORNLEWICOLRMEY, &
Wik TERIEORIEY R 7 2 Ed -t EZ bz,

AWtge i, BB 21T o7 17 filh 9 Bl CiBiEDInil % & o 7= 2 & 2
5, BHIEMIIAE ORI RBEETH 2 E2 LNz, L LAars, B
T s WRERERH 5, —77, REBHFECTHBELZ 8HL, 2Kl
T EAZEERGAICEE L AR S, fRime RN ARICENE 2T B L
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TIREZHEEST 2 2 L3 TE e, T2, R EIREROEREL, #

EM TR X 2 IR B 25l A, BEDPAARETH - G ICFIE 2 17

DT LBWYITH B EFEZ N, LLARDBH, HIRPICHIES 2 RED

FEREL, FORERICIoTHRICEEINGZLbH D, DD,

Xy

IS T BRI DREREDEIN, BXUNMAD L4 I v 23, & o ICHEEE
B LRI 2 R H 5,

SHHRRIC, 230 6 I FHRAR & o7z, FRIC, MEMEN TOIRIRIE
DBAATRECTH o 7272, TEUBZIT o7z 26lClE, BERICX > TP
ARELoT, TDTLhD, FHEFEIRIEICECT, FEYIFIZEESR
DY RIDBEL, BEICTENA T —TAEEHAL CTrERNAEZ RS L
TELZLIFRTOIMEYD B el N, LELEYEDL, FEANAT
=7, FEELOY R 7235 Y, GEFNCE U TEEDRFEEZ T 5
Y, WUIRGEELZBRIRT 272003 oA 2RALEEEZ LN,
X 50T, WYL AL T 22011, BAMES YAV 2% E
e, TENITHROWMAEY AR C, 75 ORBEAMRAIRER L v o i
REAEMSPRE O Ic T RE EEZ b,

SO FEIRER X, FEOEMD b TFORTE, B XURFOETICD
%739 5 % (Klaus-Halla et al., 2018), AWIFEDOHER TIE, FEIRID ;D
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FRERIY, TEREZRIEL Tl Xy 7.85 % Ed o7, 2D L
1%, TEIRESBTFOIETICH S KE REEFIERIC OGRS 2 L 2R L T
W5,

MR D I 2 7 VIREOHIER R &, S04 13, MmiEdh Ca, &
X OV iP EEE S FLHEHIPH (Smith et al., 2019) % F[E 2 & & 28R X L7z, HFiC
Ca DIEAEIZ, HHOBETFREEHOER 2D, BENCTERED Y
27 R ED AR DS B 5 72, £7- Zn 13, DNA % RNA &k % & Uk 4
72 B35 D M ERERLK 73 T & % (Spears and Weiss, 2008), Zn RZ3, &)
RAKT &, RBRYPPERERICHTT % 1% 599 2 (Shankar and Prasad,

1998), #LAIC BT B I35 Zn BE O TIBEES F—v A TR LT
3% (Zhang et al., 2010), & 512, IMiE Zn BEOKTIX, At BT 2
TEPHE Ca MUETH D 5N 5 (Wang et al, 2014), 25D &5, Zn
RZVE, R, EFEEOET, X OEHBEOETIC 2% % & Fil
END, AHNFEOHREL S, IMiFE Zn B, FEIRIEZRIEL vy
0y, TERECFCHEICK, > 72, MEFO Zn #EBEEIZ, HWE, 4
WA, 3 X Ot 1 EBI TR 375 2 & 23RS X 1T v 5 (Goff and
Stabel, 1990; Wang et al., 2014), AWIFEOMRIL, h oo e —&L
THY, FERIEOFTIE, FFicEh Zn iREOK T ABEETH 2 Z &2
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B & & 72 572, Cu/Zn Foid, MLIF Zn EE O TICtE vy, Tl % FhE

LT L) b FERIEOFCHEICE 2 272, Cu/Zn HiE, KE\ER
i, BLA P LR, RIE, BLOREARICEET 2 pREINTNS
(Guo et al., 2011), Cu/Zn ktix, Cu - Zn H{k X b & H A AEKWIEEC
B 5 EEDBT LN TS (Mocchegiani et al., 2012), & MiZEHBWTIE, 15
TR DEEEL A b L A0 FHR~—h—& LT Cu/Zn lEMfERH I LTV 3
(Tok et al., 2021), FEZHEI, ~a vV TATE F, RA—X—FF L FY
ALR =X, BIXOIAVZFAVYDEMHEICK > TRINZEY, 7Y =T
HNDERD 7= DA b L AL L TV 5 (Abrol et al,, 2019), Zh @
Z, Cu/Zn li, A4 O TFEIZEOREICOWTHMNRERZ RIS 27
BEVED D 2 .

Se %, BMWIDFEE X7+ —~< 2V RICE > TEEREZEHZ R IME
F 7V CdH % (Huang et al., 2023), 4Tl, Se RZ i, MEEEH (Julien et
al., 1976), FLE% (Wang et al., 2021), ZHREES, ¥ X 7&K (Khalili et
al., 2019)ICEE L TH b, FUEECEMBE QM TIC X Y K& affFiEk
Co%H B, Lo Lads, IHIRAIC Se 25 L 2192 Clt, TENE Se
HEEDBFEEEIC DRSS Z & i LT\ % (Yaeger et al., 1998), AL T
i3, 1% Se B X T EiRIEORME, X U% OF AT O TR E
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WZH Y, Se & FEIZIZOBHEICOWT I LR AMELPVHETH 5,

Co I1F, v & v Bl12 ORERICHZHTH % (Gonzdlez-Montana et al.,
2020), ©x v BI2RZIF, KRMBIEZFIZRI T EBMONT NS
(Aslinia et al., 2006), FHiRinZ M5 KA1, KRIMIKIEZ 5 &R &
D3RS X LTV B3 (Mustapha and Peter, 2020), L2> L7255, FE{RfE%
FIE L 728 h S EEE N H A T4 oM Co IR, TERIERZFIEL T
WERWRHERPSEENETETEL YV DEEICE P57 (p<0.01), ik
Co %, Mim, FW, B XUORBIMKGEN %2 T2 gtEmEsoAm
DIRBICERA S T & 72, il Co 1, invivo TIHRIMERAER S MEHE 2 &
DIKEHEEICEFFT 5 Z LA LT\ 5 (Lippi et al., 2005), &z
HR (2 RATREIL % 5] 28 & L (Klaus-Halla et al., 2018), % D#ERMEF~ DM
TG IR T &Y, BERN AR RIEZ S 2 5, KEREFERT

(HIF) 1%, EKBROEERLEUEETORBRZEEL, MioMKiEHR
ICH)IGT 5 D% BT 3 (Yuan et al,, 2003), HIF i, BEHIC X - CHffich
2a%72=v}+ (HF-la, 2a, -3a) CTHEINZ~7 0 BEEE
K1 & % (Semenza, 2007), Co 3 X U HIF-1a mRNA (3, fl&E¥ X UK
MR ICHHBE 3 2 © & s S v Tw B (Daiet al,, 2012), L72285 C,
TEREEE FIE L 2845 b E TN HE T4 oIiE Co BERE WL,
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I DAKBRSRIMAE % B < PIRETEDS B 5 .

INFG

ttaa

LA O FEIRER I 0 10 HETRRICH FIE L, EILRE 2 2 & 23

Lk lnoTz, BT, ZFEDFDME 10 HARICRIKARZ 2T 256

Ci, MEMEICERBREZIT) 2 & TRHAEETH - . o T ER

Hald, BWILERD o REFIIRES K E v, o413, [MiE Ca, iP iR

EPME TS5 Z L BRI N T EIRERZ FIE L 72F DI Zn R IK

<, Cu/ZnlbizEmnc o, EREBIINT2EHNPMET LT, 5

RO R b EE N ETHL, IIE Co R E\ & W ) FHE S -

7’»
<o
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H2E
HEOREICE T SEIFRRFVE VBIES v 7B E

MEFFD I 4 7 REOBR

FE1HOERDL S, O TERIEI, MR O 0k E TRIET 2
AHEMER H 0, RFHRENKRZ W ERHL 2L o, 72, SO
TERIARIEL 24T, MiE Zn BEAMETLTEY, ZhboTFo
If3% Co I IIEEZRD, TERIEEATEDICI AT ARBITHEL R
ST EEZ LNz, Ebic, 5, B X O MkIC T ERIEE FAE L 7230
i, MRt CailBERETLTWE Z ERHL2ER -T2,

AR A v vBRE X Vo3 78 (PTHP) 13, JEEFEFEREMRE O & 7
LYy LAMFEDRAYIE & L CHRR X 1172 (Moseley et al., 1987) , PTHrP
BIETE, A RcRILCE Y, FRcA oM cmAEHR L <
v» % (Thiede and Rodan, 1988), f@& 74 D Il H PTHrP JR1E 135D T
K<, MHBRALLT CTH 25 (Ondaetal., 2006), L22L7&235, & MCEW
T, WAL PTHP B2 EF L, SR> v L0 (Ca) REHHC
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5L Tw3 2 @& TN Tw3(Grilletal, 1992), ZD7-®, WFLHIM
HICEFIC B WCES X L7 PTHIP A2 BERICA Y, FALE VEEDIEH
ETHLEEZILNLTN D,

X oic, PTHrP %, BJE, M4, WEle, IME-FEfm, Ol B, X0
g% &, IEF BB ETFoMikcd HIH L T % (Campos et al.,
1991; Mangin et al., 1990), Z#. b OffifkickE T, A—b+2 74 v, <XF
7 7 A4 VERICVER L, Hligo bbb % & L T 3 (Lee et al., 1995),
Invitro iICHWT, PTHP X7 v [ DG TR ELRAET 5 T & 2R X
T % (Rubin et al., 1994), PTHrP 1, ¥EHMEORE & BEMRIKE D
FMEEIHIT 2 22 iIcX o C, MBNEOMHEZ{EET % (Lee et al,,
1996), PTHiP / v 7 77 b~v 2 TlE, [EHEZRMT O Ca @t 2R 2
DIZ PTHrP 2308 CH % Z & S E LT\ % (Kovacs et al., 1996), % D
72%, PTHrP I3, ¥R TORBICLHEDEE ZRZL T LFEZLDH
na,

PTHrP 12, b F 7 v F OEICEWT L FHE L Tk Y (Dunne et al.,
1994; Ferguson et al., 1992; Senior et al., 1991), SREEHIIE MG D Ca i
KO % & D Ca BRI T 2% EI03H 5 L TN T 5 (Hellman et al.,
1992), X Hic, Cal&AIZZEfAR (CaSR) 1k, ~ v RADfE#KEICH T 2
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PTHrP ofEHZFHEI L, M+ o CaflHficEEr 52 2 LHfElllch T3
(Kovacs et al., 1998), L2>L 72235, t Fo~7 R L IZEIEDILREH R
2B, MBicEs ) 5 PTHrP & CaSR O &I S i > Tz
W, b FTIE, B OME BB D BRI ICIR 2 > T 528, =7 X
T, BTOMENK IZAHADMEICIRDP > Tnd, —F, Vv olfkc
i3, MRTHREOME LR (REEE) 3, BRBorENEEE (TE/hR)
LT E, 2w, VY ORHED LIET~ESHLZAT S 72011,
b e~y XL RIS OMIEE 2 EE s 5 BE LD B,

PTHrP 3fa#Ic 1) % CaliiricBdb 3 2 &, Caldla T o B8l % &
DHARBERCTH LI 20, AFOREICE T %5 PTHP LR RT O
KECHELRSH S LEX T2, ZITH2ETE, b owm EUIRKRIC, #
4=, FrETAE, IR B X OWEBIR O MK & SEEL L, i+ o PTHrP,
Ca, WY v (iP), XU~ 3> 74 (Mg) BEZAITELEZ, 5

i<, MeEETZERACL, FE/NE S RE/NED PTHrP & CaSR O (R 17

B2 L 7,

Ml L O
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1) #atf

KT, WA RZEYFRMEB R OAKR 2 THEML 72 Ok@F S
171113-1), JbiFEdEX CHEBE I L TW» 5 21 HDO SV R & 4 VAL
ICoWT, HIRRIICH EYIR 2T 72 (R 7). WEVIBIX, FEWLEY)
i, BEEE, & 2\ IdFEIRERIC X 0 B WA AT &Ik L, HERIB I X

KL 7z, FEZURL, Y2/ L2K b e P ZHESICXD T

+H->?1‘

RS, HRCCHEL 2,

ML, A4, B XOHFETFFOHBIR, EEIR 3 X CIEBINRS> & BRE
L7z, RIRIE, 21 BHORME, 17 BHOHAET, I XU 12 BHOW 2> & Rifl
L7z, $RELL 2% 12, 1500-1U © 7 7 u F = v 3% & 7= EDTA-2K
BZERIME (NIPRO, Osaka, Japan), X U7L — v EZERIME IC/E
L7, 3,000 rpm, 4°C, 154 LL, ZhZ NI, X CIME % 5k
%, HIE F T —20°CTHESRTE L 72,

ez o MmkiE, 21 3E 13 BECERELL 72, 1SN MGEHEIIE, HFI
Frr /N & R/ NEE IS 4B L 72 (Diniz et al,, 2021) ([K5), % #LF i #HkE
IZ, b ic RNAlater (Thermo Fisher Scientific K.K., Tokyo, Japan) (C#E1&
L, —20°CHAERIEL 72,

2) 1% PTHrP ¥ X CVIE 3 A& 7 VIEEEHIE
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Mm#4E PTHrP 321X, WHR®D 2-site immunoradiometric assay (PTHrP
IRMA; Sceti Medical Labo, Tokyo, Japan) Z{#/H L C#I%E L 72(Onda et al.,
2006), AKx v b OHR X 0.57pmol/L, intra assay CV I3 3.4-5.8%,
inter assay CV 1% 4.0-7.5%72 o 7z, IfliF Ca, iP, ¥ XU Mg iRE DHlE
ik, BEIALEOTEE®E  (Cobas 6000; Roche Diagnostics K.K., Tokyo,
Japan) Z{HEFL 7=,

3) RNA filiths X 05 K6 (RT)

RNA later D #k2> & D RNA fliHilx, ISOGEN (Nippon Gene,
Tokyo, Japan) Z{HF L C, FHEAF@ Y ICfT>7z, RT %, 0.5pg O# RNA
75, ReverTraAce qPCR RT Master Mix with gDNA Remover (TOYOBO,
Osaka, Japan) Z i L €, —A&$#H cDNA Z &R L, T ©-20°C TSR
L7,

4) EBI) T2 4 LR) 2T —XE#EMIE (RT-qPCR)

RT-qPCRi%Ei1C & v, PTHrP, CaSR, #ifiiitx v -<28% 1 (CTR1) ,—
fis@A 4+ b7 v2AF—=%2—-1 (DMT1), 7 zm+K—-Fv (FPN1), b
SVvAT ) VRREEL VX 2E 1 (TFRC), Zrt- amd Irt-like protein 7

(ZIP7), High+ 7 v AR —%—5 (ZNT5) BX U7V ArTAT ke F-3-
Y vig7T e Fur ) —+ (GAPDH) Oi#{sTFBi&E % FastStart SYBR
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Green Master (Roche Diagnostics, Mannheim, Germany) % >,
LightCycler 96 System (Roche Diagnostics K.K., Tokyo, Japan) T4#T L
Teo L7774 ~=—1, £8ITR L7, PCREEMIE, 95°C10 7 TEAZ
%, 95°C10#, 60°C10#, 72°C15 ¥ % 45 ¥4 7 AT o7z, BT

1%, E-method i#%(Pfaffl, 2001)1c X v EH! L, GAPDH % NERfEHE L |

HE T4 OBFIR, EFIR, WEEIIRI O HIE 1%, Kruskal-Wallis #7E %
FICHREGHIICIRNT L 720 BEA D BEFRIRIN & D% B ILIIE, Steel BE % H
W7z, PTHrP &I @ < 4 7 VIRE DB L, Spearman O NEMZAHEA R
BTN L7z, THE/NTERBIEICS T 28T RET O Kk,
Mann-Whitney U #7E CT1T > 72, X COfFEaHAENTIZ, R (The R
Foundation for Statistical Computing, Vienna, Austria) ® 27 7 4 h )L -
—F— - A2 =72 —RATH 2% EZR (HREFKEWNE S Wi EERE
vR—, BE, HA) HEHLE, p < 0.05 IZHEIcHEEEALL, p

< 0.10 BHEARMAE L AR L7z,

R
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MAgH PTHrP & IMiEH Ca, iP, XU Mg BEOHIERM R %K 9 IR
L7z. AHoIffEd PTHrP JREEIZBIHIRAL T CH o 72, —77, #iA+4F
DHEER, IEEHR, B X OBk M2 513 PTHrP 2 & iz, L
2L, ool PTHP IREORICAE RZIZRD b NRh o7z, #
A OZFIK, WERIRK, B X OCBEEIROME Ca, 1P REIL, BHFOHi
IRILE W dEEICE 2> (p < 0.01), —/T, IiF Mg iBEICHEEnE
FRD N2 Do Tz, FAET OHFIKIC BT 2 IME PTHrP & MMy Ca i
e ofic3EERADHBERES 72 (r=0.76;p < 0.05) (X 6a),
T4 o HEBIRCIE, M PTHrP &M% iP ofIcHEE LB IRZED b
oot (Ked), HENRCIXEOHBEOMEHmRALNE (=057 p
< 0.10) (K 6e), FaMEcix, PTHrP OBET-FEIL, RIEEL Y ST
NETHRICE» -7 (p < 0.01) (M7), —7J7, CaSRIE, FEH/NhLLDY
bIERECHEICE 2572 (p < 0.05) (M8), £7-, TRPV5 (p<
0.05), TRPV6 (p<0.05), 3 XU LRP2 (p<0.01) O&EETHKEEIL,
TE/NEX D D BBNECHERCRE P72 (K9, —/T, MEIAXAT L
DEIRICD 2 F 7 v AR -2 —0EIEFHRHEEIL, FE/N e BER/NET
BEZIED N ARL 72 (K 10),
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ZE

Kovacs I%, PTHtP / v 7 7 v Mt Tl, lBTD CaiREBEHAL Y b
ETFLTW3 L & L Tw 3 (Kovacs et al,, 1996), b k% Dfth DI
FHETIE, ByoMmEt CaiREIdAHAL Y E <, PTH® 1,25-2 e Fu¥
e X Iy DIREE, e e CIER IR (Hosking, 1996; Kovacs and
Kronenberg, 1997), #L4- T, Mo KFMR(Wilson etal., 1977), 3 X U7
A7 IR (Szenci et al., 1994) D% H Ca JREE DS RHADBFHIRIL & V) b 5
W EDBHEI N T WS, AFFETIE, viiiEnTh R Ca 2
D3 K, WA T HERIR, WEERIR. MEEIAR O M Ca JREE LA O FRIRIL & b
bAERICEH W LRI NI,

b FCE, BTFoIET iPIRESEHAL D bEnwZ e rlE I Tw 2
(Pitkin et al., 1980), AL TIE, FFOHET B L PO iP
SRR XD D EWC AR E NI, WEEIIR & EHIRO M Ic G EE IR
LNTRD o Teo FHEDILIE & FE 4, WEwIlo iP R D [ R LA Bl s
Holel &b, M D IP 23EEE D b laF ~FEMRE I EE S 5 Alpett %
HLTw2, PTHP 236 F DV ViREZFHE L T 3 AlReMEE S 5 25, %
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DFFHIIEAHTS 5,

S oic, B4, MET, WEEIR, B X OCEEIIRO ME Mg BERICEREE 1R
e otze LLE2YS, bW (Barrietal, 1990)% 7 » bk (Dancis et al.,
1971)TlE, FRT OIS Mg IREARHAL D Enw AT hTw 5,
Care 5%, bt F PTHrP 23t Y P ic k1) 5 Mg DIE#RE 2Rl 2 2 &
¥ L 72 (Care et al., 1990), % L C, Kovacs b, ~7 ZADIEH 7z Mg
TEHEEZMERFT 2 2012, RFORIFRIRPSETH 2 LWMEL T35
(Kovacs et al., 2001), L22L, Care 5D, v F PTHP 2k v JiC
FAwTEsh, eV VREOAEBEER L IR ZREERH 5, AFDlfEic
BIF 3P & Mg Ok O 2 cd 3 7=oici, v KD PTHP % H
WTI LR BMEPLETH 5,

7> ® PTHrP 13 141D 7 I /7 (aa) 2057z b (Wojcik et al., 1998),
UTFTDX5%300RAZEEN A4 v % F> : N RUGHEB[1-34 aa] (2 Hl
FURIR B vy (PTH) ZEMKICKHES L, HREITEIE[67-86 aal i D Ca
R ICREG 3 % LM T Y, CARIGHEIK[107-111 aal i A R T A+ 2
£ F v iEW B 5 (Martin, 2016), A58 Tlk, PTHrP 23§ E T4 O IFH)
Fko ot ¥ Nz, v FickswT, PTHrP[109-141 aal ##I%E L,
PTHrP DIEEIRL R DEFHIRL <V X0 dEd o7z &h b, WL
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PTHrP © F 7 Hk IR TH 2 ATREMEARIE & 1 Tus 2 (Seki et al.,

1994), L#*L, $L4® PTHrP[1-34 aa] & [50-83 aa] % #I%E L 72 (Onda et
al., 2006) AHFFE <L, IFEIFEARIMPE O PTHP IREICHEEA RO bk
ofe, TNOLDI b, WIETTELEYEDE DS, EEFHIRILH D
PTHrP IREDE VIO o/ FE 2 b b, 6T, YYD PTHIZ
BEA D S T~ B 288 L 7 2 & 25 & T v 3 (Garel, 1972;
Northrop et al., 1977), ©&£® PTHrP |3, PTH D 2§ FEEZH>o2 &
%> & (Kovacs and Kronenberg, 1997), PTHrP 25/ % il 4 2 AJREME 124K
WweEzZ N5, oI, AP CIRAHADIEER MK T 2> > PTHrP i3k
ENh oz, 2070, FiEHkD PTHrP 25RHED 2 BB IC A % A HE
HIIEE IR E 2 bz,

K cix, JLFOMRRICH TS PTHIP OBETFHEIL, BEBEELD D
TE/NECTHEICE D 272, EIFREEE PTH % K18 & €72 Hoxa3-null =
7 ZADfEFIE, EERMMRS PTHP L XA IEH TH 2 2 L AHE I N T
% (Kovacs et al., 2001), $7db b, PTHrP 2RHKMF 2 & (3H & g,
AT E PRI I Nz &2 s, FHETIMF O PTHrP 1315/
FicHkd 2 A[REM:Z /R LT3, PTHrP 1, t b /KF DGl
(Ferguson et al., 1992; Liu et al., 2015), ¥ X O ® T & (Thiede et al.,
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1990) THREL T ZepfBEINTwd, & FTiE, FRICEBITS
PTHrP mRNA &%, #E, W&, TEHE BIXORELD D 10~400
e 2 & S LT B (Ferguson et al, 1992), & 512, Syt
R X Y Ak S s e MERRBIG# IC B W, PTHP 1%, FEo
ST R ECHARE, ARE OMIREERAG, iR, B X O ARSI TR
HE T 2 (EMLY etal, 1994), FL4-TIE, BEEIZZE S ik nas,
PTHrP I FE/NECTHWERLRFRAZAD 2226, ZDRIEZHL 2
T BREDD B,

W EUIBHcHIZE L 284 74 oldE PTHrP & 3% Ca IBEOMICIZA D
MBI B - 72, Wik PTHrP 3, M1 ot Ca % F#fi+ 2 1%E %
R72LTH Y (Grilletal., 1992), FLA4OMFIF o PTHrP i%, BT Ca
RRAFRAR RN O 0 DEFRRE 2 T L EEI N Tw5, PTHIP
KIERET D Cald, FHAL RV F CIKF 3 572, PTHrP 36+ o Mg+
CaZiifiidT 2 LEZOLNS% 2, PTHP XEEMRTIZEY VI £33
(Kovacs, 2014), PTHrP & PTH (%, b v Y OfR#ic T iP fikic i3
L 7 ERE X Tw» B (Barlet et al., 1994), xfiERyIC, PTH 28 in vitro
Tt MeROMERICE T 2 Y VEREEZ D I 5 2 LRKRINTRS
(Brunette et al., 1989), Aff7ETIx, HAE T+ D PTHrP & iP A &

46



DRENCHE R A LN d - 72285, BRI T & OB D25 4 &
Nz, 2oz ki, BTORHN T, PTHrP 28 iP of|HICHEL TWwb Z &
ERBLTW5,

A ORREEIC BT 5 CaSR B TFIAI, NEDHBTFE/NRLY EE
L o7z, CaSR /7 v 77 v b~v AT, KD CaBirrd 35
L AR X LT B (Kovacs et al., 1998), IEHRIEIRG © I3, Alafkseas
MRS X OB A I 351F 2 CaSR (st ta o 1L, e
Mo Ca L ~LDKT & DRFHEARE X 41T\ 5 (Papadopoulou et al.,
2014), t Fa#E oD CaSR %, AMIAKEEMIEOM ke, MELZBRS
ZHIMEIC A BB &S X LT B (Bradbury et al., 2002), T =R A D
T & iR E MR Ic B T 2 MBIV RERMIEOEEM2# 2 5 &, CaSR
IRHAE DM Ca’ IR EE 2SR TR % (R & 72 (3AEFRF 3 2 W E R iR ©
HoHEEZOLN, BERERM, MIEs Ca i o Z{LIcHUXTdH
D, EHF LAV~ iE, PTHP OB 2HIf 3 2 2 23" EI T 5
(Bradbury et al., 1998; Hellman et al., 1992), Zh oD Z L2256, RO
CaSR i¥, W% A L7 CalikicEEAKE 2 R-LTH Y, A0
PTHrP /i fAffiic b EL 52 T3 AlREMR H 2, X b, #Milgso Ca
ZAIEAICHL Y AL {ER] 2 5> TRPV5, TRPV6 %, VD Z#MIEPIci Y A
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tr LRP2 0EETFHREEIL, FE/INRID QBBNECHRICRED? 272,

DT EHb, REICE W T Ca Z IR ICREIRITICEL D A B 3 FETE S
eI N, Loz ers, AAOMRBICHEET % CaSR 23, #HAR
JRIE oI Ca ZEAIL, MBigCco Calffinks PTHrP b iiffiic o8 %

AT T D& D tRat 3 2 03 H 5 L FEZ b7z,

/Mg

fEEme LT, I8 PTHP 13, v > oFiE7HEMR, WEIR, & X OE:
koMt dns, LzrioT, FE/NTEAIN/ PTHIP iF, v %
< v R LFERRIC, HAETFOME CalRE 24X b MR 2 X 51
WTW3EEZ LN, T5ic, PTHP B3 f o5/ mic, CaSR

BEFIINECEREHL Tw b T PRI N,
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HEIE
vV REBERBREEMRICE T 3

HIFRIRFvE VEE R v 2B D 3 3 T AERTEEER

B
il

JAEM D 2 42 7 AVRBEFERBTOHTEY 227280 5, FriCHE TR,
Ca fRBIEE BT L HITHTED ) 227720 5 5, BT~D Caliink 3 ik
ERETITOND 20, CalfiiibEiE O I T4 OIE Y X 7 %o 35—
7% EE 27,

H2EICBWT, o E/NLHED PTHP 2568 % A L 7-8HK 2 & R
T~D CalfiikicBd 5T 5 LEZ LN, b bPevyRICENT, BEEZN
L7z CalifiiXic i, TRPV F v 2% CaBP & L2355 2 Z L ¥ E
T \» % (Dilworth and Glazier, 2009; Suzuki et al., 2008), ARE Tl, 7 v REK
HkEEEME R 0 O & O TH 5 BT-C Mifd(Suzuki et al., 2011) % T, Eix
Tz 7 > PTHrP ZMifICBME X ¥, CaliikicBdb b b7 v AFR—%—
DRIICEAEALNE PR L, 251, 51 B THilo =it
ERIEL 2R, BILUOZ0HETHF T, ZIn®Co b WwozEI A 7
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MO EELR D 72, 22T, BBICEWTEETOREPED 5T

W3 FI7VAR—X—DELETREE YN, BT-CHllE»HE I 71D

X DOWFEET VIR Y 5 202 MET L 7=,

MlEs X 05

1) #ifasses

AoREEH R OMAurk, BT-C#ifdix, bone morphogenetic protein 4 7% fifi
H L <o IR 2> & 7 & A7z (Suzuki et al,, 2011), BT-C fifd i3S F K
ORIz —EBEED TEETHE I N, R, [ CHas—-7 v

(Cellmatrix Type I-C, Nitta Gelatin, Osaka, Japan) T2 —7 4 ¥ 7 L 7=

T25 7 7 2a%Hw<, 10% v vk (FBS), 100 pg/ml oz + L7

F~A v, 100IU/ml ==Y vZEhL 7% DMEM/F12 Ham T

37°C, 5%CO, K5SM T ThEEL 72,
2) BinTHffs 2 7 > PTHrP o fF#l
W D v o AR © ISOGEN (Nippon Gene, Tokyo, Japan) % i F
L CTH RNA ZfliHi L 7=, RT (%, 0.5pg D# RNA %5, ReverTraAce
qPCR RT Master Mix with gDNA Remover (TOYOBO, Osaka, Japan) % {#
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LT, —A&#H cDNA Z&KL 7, NRigic His-% 7 %15 L7zv v
PTHrP[1-141]0 7 7 4 ~—%g&&t L (£ 10), PCREIC X W IEIHL 7=,
PCR 7' u b auii, 25pl @ PrimeSTAR® Max DNA Polymerase (Takara
Bio Inc., Shiga, Japan)iZ, 0.3uM ® 7 7 —F, X PV =R T 74~
—, lul ® cDNA %I L, Nuclease-free water C 50ul IZ X 27 v 7L T
G E g7z, y—=A¥% 477 —0FMf1E, 98°Cl10#, 55°C5 1, 72°C5
W& 35 %4 7 VT o7z, PCREWIL, 1.5%7 7w — x5\, TBE Buffer
TEXKEZ{To7z, BalIzFrvarym~Af FE2HEHL, UV 74 FiC
XBA3NNAFA A=Y v 25724 UVP (UVP, inc., California, USA) T
DNA NV FZfH L7z, PCREY)IZ, NucleoSpin® Gel and PCR Clean-
up (Takara Bio Inc., Shiga, Japan) # WKL 72, Z D%, In-
Fusion® HD Cloning Kit (Takara Bio Inc., Shiga, Japan) % i\ » CEiHHZ 8 »
I/ —=v 7 %{To7, av 7 v i, E. coli HST08 Premium
Competent Cells (Takara Bio Inc., Shiga, Japan) ZffF L, ~7 % —I(3Z,
pUCL9 % Fvs 7=, TR L 7= i % SOC KoL, 37°C, 200
rpm, 1 BSRHREESE L 72, 1000 ©RH% 100pg/ml ©T v ¥ Y v E S
L 7L— 1T, 37°C, 12FHIBELZ, o anm = — % IEAICH
i1, NucleoSpin® Plasmid (Takara Bio Inc., Shiga, Japan) % Fi > 7 5
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A I Pzl 7,

fFon=7 72 I M, v IR BRI (MAC-T) filgic b 7 v X7
x 2 av Lk, MAC-T #fifl@i Dr. Roh CRILKY) OEFIC XY irh &
N7, MAC-T#ifld% 6 7 = 7L — b T 1.0 X 10°ffl/ml O CTHEREL,
10%FBS % &4 DMEM TH#E L7, F 7 v 27 =27 va vildia,
TransIT®-LT1 Reagent (Takara Bio Inc., Shiga, Japan) ZffH L, #tBHEE
DICAT o 7z, 48 IfftIES R, K2z $RAL L, Capturem™ His-Tagged
Purification Miniprep Kit (Takara Bio Inc., Shiga, Japan) % FH\»C, His & 7
{15 L@t 2 7 > PTHrP (tbPTHrP) [1-141] %ML 72, 3
bz x v oy B%k vy PTHrP[1-141] & L CHEBRICHES L 72,
3) PTHrP #ll5E

B o8 s T2 7 > PTHrP OB X, THIKD 2-site
immunoradiometric assay (PTHrP IRMA; Sceti Medical Labo, Tokyo,
Japan) % L CHlIE L 72(Ondaetal., 2006), A% v Mz, 7% FHe b
PTHrP [50-83] &Y 7 v —FrHifk, XU~y Zx$ir b PTHrP [1-34]
&/ 70 —F BT PTHIP 232 2 L 3ARETH %,
4) Ein ez v > PTHrP Ml &

BT-CHlfid% 6 7 = v 7L — b kic 1.0X 105 /ml D ¥R CIBRE L,
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DMEM/F12 Ham 10%FBS < 37°C, 5%CO, ;&L 7-, 2) THLIT
rbPTHrP % 0, 0.1, 1.0pM OIRETENZIVRINL 72, ¥k, FIREI
BWT EHONMTITo 72, RNASHI D =011 7 B8, % v 28t o
7201t 12 KfEREE L 72, Caf A=Y v 7 Ho BT-CHllidix, 96 7 = v
7L — bt k2 1,5000 fE/well DRECHEME L, 100 L © DMEM/F12 Ham
10%FBS < 37°C, 5%CO, TH&E L 7=, 2) TfH o472 t1bPTHrP % 0,
1.0pM DRETZNZNRML, 1 RHEE L 7,
5) RNA #itH3 X O°RT

% RNA ofliHilx, RNeasy Mini Kit (QIAGEN, Tokyo, Japan) % {#F] L
T, iBAE@E D 1CfT 572, RT i, ReverTra Ace® qPCR RT Master Mix
with gDNA Remover (TOYOBO, Osaka, Japan) Zf#fH L T, 0.5ug ® RNA
5 cDNA &L 72, 15572 cDNA IZf#HT £ T-20°C TRAF L 72,
6) RNA v —7 v Zf@HT

rbPTHrP % 0, 3 XU 1.0pM DR TE#E L 72 BT-C ffifdic o\,
5) T L7z RNA ¥ v 7 v o —#% Novogene Co., LTD (Beijing,
China) IcfKFEHL, RNA & —7 Y X f#fi {7 o7z, f3oh/eT7—21%, V7
7 L v A4l (ensembl_bos_taurus_ars_ucdl_2_gca_002263795_2) ic~
vy /L7, p < 0.05 *XUlog2 (FoldChange)| > 0 % &5 FHIHEIC
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BOWRH B LA LT
7) qPCR
qPCR %, FastStart SYBR Green Master (Roche Diagnostics, Mannheim,
Germany) % F\»C, LightCycler® 96 System (Roche Diagnostics K.X.,
Tokyo, Japan) Ti#hf L 7=, PCR 4&fF1x, 95°C10 4y, 3 X U8 95°C10 #,
60°C10 ¥, 72°C15 %% 45 ¥4 7 V{7572, BinTHHEIL, E-method
% (Pfaffl, 2001)ic X W HEH L, ACTB ZNFEE#E L L /2.
8) vxREAVvITuw T4 vT
rbPTHrP % 0, 0.1, 1.0pM $O&HML 727 = vicDWT, HHizRE
L, PBS T##Ht&, 500ul @ laemuli v 7Ny 7 7 —%FML, LX<
ARy LTz B L 7z, & v o8 7 BRI, XL-Bradford assay kit
(Pharma Foods International Co., Ltd., Tokushima, Japan) % F\»CHlE L
H# v 7% Mini-PROTEAN TGX Gels 4-15% (BIO-RAD Laboratories,
Inc., Tokyo, Japan) ®% =ica— KL, 170V, 1< SDS-PAGE % {7
57, % D%, 0.2 um PVDF Blotting Membrane (Cytiva, Tokyo, Japan)
I 100V, 30 77855 L7z, G MEIE, 5% A F 24 I 2 /TBST, 4°C, 1 KH
7uay ¥y 7Lz, —XPuk (Anti-TRPV6 Antibody, allomone labs,
Jerusalem, Israel) % 5%BSA/TBST T 3,000 f#1c 7B L, 4°CT—MRIE X
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i, SXRPURIE, F—ATT 4 v vartFrX—+ (HRP) Yy
FHU I F 1gG % 2,500 f5IcHNL <, 4°C, 1FEIIEEE7z, v —7 4
v7aybu—nt LT, HRPEHIACTB fiifh % 20,000 fFic AL T
EH L 7z, HifR1X, Immobilon Western chemiluminescent HRP substrate
(Merck Millipore, Tokyo, Japan) # X O iBright imager (Thermo Fisher
Scientific, Tokyo, Japan) % {#FH L CT##7=,
9) Cad A=V v

Ca A4 A —v v 72iE, Calcium Kit II — Fluo 4 (Dojindo Laboratories,
Kumamoto, Japan) Zfff L, FiBHEM Y IC{T 57z, Fluo 4-AM 50 pg %
Dimethylsulfoxide 50uL Ci#&f# L 7z, Quenching Buffer 5 mL iC, Hanks’
HEPES Buffer (10X) 500 pL # /il x, 5% Pluronic® F-127 % 160 uL, 250
mmol/L Probenecid 100 pL Z#M L, itk < 10 mL ICFATE L 721%, X<
EH L7z, Dimethylsulfoxide Ti#fiE L 7z Fluo 4-AM %Z 50 pL @0 L <€, X
CiBA L, Loading Buffer & L7z, $55 L 7z BT-C #fil@iC Loading Buffer
% 100 upL 2% L, 37°C, 5%CO, KA T T 1 g E L -, 20
#%, rbPTHrP % 1.0pM L, 37°C, 5%CO, K&ASME T ¢ 1 Wil
L7z MR E LT, rbPTHIP Z@HIL 7222 o 72#fild % 0 pM & L 7z,
rbPTHrP OFMATHE OMIfLIC O \WT, d—nA 4 v 7 v 8B
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(KEYENCE CORPORATION, Osaka, Japan) % F\»T, 480 nm DY
TREZAL ZHIE L 72,
1 0) Huatédr
tbPTHrP OpM #f & D% EILHZ X, Dunnett € % H 7=, #EaHi#bT
i, R (The R Foundation for Statistical Computing, Vienna, Austria) @ 7’
TI7AHN s 2—F— A V2 —7 2 —ZTH%EZR (HRERKZHE
T EERe Y2 —, BE, AKX 2HHALE, p < 0.05 3FHEHICH

HMeAzlLi,

MR

BT-C fifidic rbPTHrP % 0pM, 1pM 2% M LEEEL, RNA v —7 v
AT ZATo 728 25, 7 7 AX—fEHTic X Y PTHrPOpM & 1pM OFET
X, BAZ8GETREA X —v%RL77Z (®11), ¥ 51, Volcano plots
DGR, HEIC log2FoldChange 2338® b /- Bn 113, WA LA L7Z2d
D2 1366 i, (KT L7zd DA 1507 50 b (X12), #EinFFRHIC
BB o7zb DD S5 H, Calinkicfb 2 MR, X UHE I+
FNE T VAR—X—DBIETRIELY qPCRICK VEI L7 (K 13-
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16), ZDFEHE, bPTHrP ZIM L Zad o 728 X 0 & 1.0pM i L 72#£C
FREIGEFHRHEESEML 7235 0k, TRPV5, TRPV6, ¥ XU CaBP 72
572, TRPV5, %X VDR T, 0pM X b % 0.1pM CH &I ETHH
B0tz MEIATLVEF T VAR =X —ICDOWT, DMT1 O#EET
FHEIZ, 0.1pM X9 b 1.0pM CTHEICEEZ R L7 (p<0.05), X5
IZ, YxAXv7uy bEicX Y, PTHP OpM X b, 1pM O#T TRPV6
DRHEBPFREICLEF L (K17, Caf A= v 7 OfER, bPTHIP %
WML o 75A 50, L.OpMBINML 727728, WM b N

7= (X 18),

L

R ClX, kA b7 VAR -2 —BEFBRHALTHY, BFoERIc
BEEAKEERZLC0E, AFFRICEWT, v o KRB Rk S
BT-C # %7 % Ca i ECl;&E L 72 ¢ 2 5, PTHrP, CaSR, ¥ X U TRPV6
DEETREBICARAZILBRD N AL 572, 2O L6, BT-CHl
Jafiia<ix, CaiBE%2EM L CPTHrP IC X 3 Calii i L T2 b1
TlEhweEEZ LNz,

57



BT-C fifidic rbPTHrP ZFIIL 72 & 2 5, Caliinkicb 2@ E R0
H ER 23O b 7=, HEK293 fligic 3T, PTHrP @ N Kb & & A
MxH$ 2 PTH HJIIC X > T TRPV5 4 L 72 Ca2* DI ADSHEINT 5 Z &
DR X T A (de Groot et al., 2009), 7=, 7 v MGE F R

(IEC-6) icH\wT, PTHrP[1-40]i%, Ca b 7 Vv RK =X —TH %
TRPV6, CaBP, NCX1, PMCAl 0FH%A2T7 v 7L ¥alL —FF 52 LR
s xncwa(Livetal, 2018), ¥5ic, TRPV6 %/ v 2777 FLE~=Y
2 TIE, FRBEEZN L RHED LR T~D Ca DEEIEEAME T § 2 2 & 28
i X T % (Suzuki et al, 2008), & FTiE, JAM o ARSI IC
BT, BHAHID TRPV6 %4 L T Ca2* 23 lllENICEL Y A £, CaBP 28
Ca & iy L CileN 2158 L, BLERICHEII$ %2 PMCA I X Y ig+-fllic
Ca 23k X N 3 & & L T 5 (Dilworth and Glazier, 2009), A#ff5Eic &
W, rbPTHrP % BT-Cffifldic/&fE ¢ 2 &, PMCA2 oE{RTFHIEIC
ZAIZ 7 h - 7245, TRPV5, TRPV6, ¥ X CaBP OB THEHENEE
AL 72, ¥Fic, TRPV6 TlX, 2 v 7 EOREES HEICHEML 72,
VDR DERT-FIIC oW, tbPTHrP 0pM X Y b 0.1pM THEICH L,
LOpM CIIBEEE RO b o7z, ZOHMIFAS 2T\, VD
lZ, PTHrP 2T 2 Z Ak D—>CTH 2 PTHIR OFHZHEMx ¢ 5
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& DSHI S LT B (Nishishita et al., 1998), 7z, VDRIZIZ 75 /%4 FIC
BFOWTPTHIP I LAD 7 4 —F Ry 7R D 2 L b vbhTn3
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ICP-MS: Agilent 7700 X Conditions
Plasma conditions

RF power 1.55 kW
Plasma gas flow rate 15.0 L/min Ar
Auxiliary gas flow rate 0.90 L/min Ar
Makeup gas flow rate 0 L/min Ar
Carrier gas flow rate 1.0 L/min Ar

Sampling depth (mm from load coil)

Cell gas

Nebulizer

Sample uptake rate
Data acquisition:
Accumulation time
Data point

Repetition

He mode: 8.00 mm

H, mode: 10.00 mm

He mode: 4.3 mL/min Ar
H, mode: 6.0 mL/min Ar
Micro Mist

0.45 mL/min

0.3-1.0 s/point
3 points/peak

3 times

ICP-MS=Inductively coupled plasma mass spectrophotometry
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K8 FEHMNLAET 74 ~——5

FSL<— i@ (nt) L—HILRA(5't03”)  product size (bp)  Accession number

Bovine GAPDH ~ Forward ~ 167-186 tgaccccttcattgacettc 143 UR5042 1
Reverse 309-290  gatctegetectgpaagatg

Bovine ACTB Forward  436-456 accgtgagaagatgacccaga 90 NM 173979.3
Reverse 525-506  aggcatacagggacageaca -

Bovine HPRT1 Forward  350-371 actgtaacgaccagtcaacagg 138 NM 001034035.2
Reverse 487-468  tgaccaaggeaageaaagtc -

Bovine PTHrP Forward  296-315 gacttacggegtcggtictt 120 AB097837.1
Reverse 415-397 ggpetgattettggtattg

Bovine CaSR. Forward 2315-2336 aggagatcgagtiictgtcgtg 7 NM 1740023
Reverse  2386-2367 aaalgcccageacagcaaag -

Bovine TRPV5  Forward  891-910 agggcaacactgtgatgttc 108 XM 0108046263
Reverse 998-977 aggaglcaatcicigtgaggic -

Bovine TRPV6  Forward  842-861 actgticagecacctttgage 122 NM 001206189.1
Reverse 963-944 tgagcaaagcagegatgatg -

Bovine CaBP Forward 198-218 agcaccctegatgagetttt
Reverse 344-325 cccaggcactcettcttccag 147 NM_1742572

Bovine LRP2 Forward 97-118  accatctttgaccagagtgtee 96 AB863206.1
Reverse 192-173 aaagcagaattgggcgeate

Bovine Klotho Forward 2793-2812 tgcggeaaatcagtttgage
Reverse  2879-2858 agagtttcaggacctggaaage 87 NM_001191195.1

Bovine ORAII Forward  489-507 ccaagctcaaagectecag 88 NM_001099002.1
Reverse 576-556 tggtcageatccagtigtace

Bovine PMCAl  Forward 2498-2519 agcgggattatcaggatgetag )
Reverse  2572-2551 tgcteatggactttetgacagg 20 NM_174696.2

Bovine PMCA2  Forward 833-852 gagagcaacgaaggatgtgc 103 NM 0011912453
Reverse 035916 agatgaccgacaggaggatg

Bovine CTR1 Forward ~ 223-245 tgatgalgatgatgcctatgace
Reverse 310-290 tctccagecgtattgatcace 88 NM_00T100381.1

Bovine DMTI Forward  403-422 ttettetgttggecaccate 129 NM 001101103.1
Reverse 531-511 acaggatgattcgtggaacce -

Bovine FPN1 Forward  536-357 tggatgggttctiacticatge 127 NM 001077970.1
Reverse 662-642 tctgtetectectgeaacaac -

Bovine TFRC Forward  1002-1022 tggacatgctcatctgggaac 99 NM 001206577 1
Reverse  1100-1079 ttgggcaatcctgatgactgag -

Bovine ZNT35 Forward ~ 359-381 cactaaggacctigetgetattc 36 NM 0011921742
Reverse 444-423  tcctectecagaactagtgaac -

Bovine ZIP7 Forward ~ 905-925 tcccteatgettiggaacetc 129 NM 0010762373
Reverse  1043-1024 ttctccaccacaagaaagge -
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Relative gene expression
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Cotyledon Caruncle
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PTHrP & 7#HEX, /NE (Cotyledon, FHMEE=SD=26.81+41.3,
n=13) XYy HFEICE» -7 (p<0.01),
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Relative gene expression
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Cotyledon Caruncle
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