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SRS I R RERE EEE)
FHE O GUERAF EEFE)
FiE REE (RHAE EFE)

FRU S ARRATF K77 LU —FANP, BNP, CNPA bR S, MUE, ABARE AR
BT 5L Ex BTG, AFFETE. RERBICBIST MY Y ARAZF K77 30 -0
EFNEROM L ERISA AT T, 7 bY T ARIRATF FEE FRRERERR CRESTAD
VESL L fitf 2 AT,

1) BNP#EEZETFH D WECNPEEFRATTR (/v 2777 h<TR) OB% : BNPERIET D
1§22 Y VHDNECNPREFOHEI=Y Y viErd <A Y UM ERIEFICER LS —7 74
YIRS BE—ERNTE AT AVEEE, germline transmission% fE#& Lic. BNP/ v 777 b=
7RI ONWTIE, BEE TIIOEY EOREES Y ARBLNTNS., X, Blxs Y 2k iER
FBCNP/ w277 h<w R GG KRBT R) OERIZONTH, FATITRLVAT oS
R OGREEA Y AREEEB N, BIZCNPRIEFOFEL. B2 Y v ERLT <A VU
BEFICBBRLEFLNE —F T4 v IRy &2 —2ANT, CNPREXKE~DT ZADEREEDTY
%, BEETOLIA, FATIIANTEELNTRY., ~NTHEEERVSERGEOEREZH
B L TREZHTIT TV D,

2) CNPEEZEFOEEERE : 129/Sv~y AR@EDNAT 4 7 5 U — KD 2&K4kbD~ 7 X
CNPEIEFEATLIY u—2%Bic. =7 ACNPRIEFIIZDODT V> 2D0DA ¥ b a2V ir bR
ENTWe. CNPEEFOEL $207 Y VIZFIREEEZ L0 LT, HB3xs Y V33 -JERR
HEHOLEBATNDZ EBH LT o Tz, EERE RIS -RACERIZ &Y TATA boxD#)30bp T
FICRRE SN, 5-BEEIBITIZY box, GCbox, cAMPINE R FREEC S & 23R OCARIBEEF ISR 5
. NF«BHEA EIFIAE 1A > b & iz, shear stress-response element3 552 7 Y > L §2A > b |
VIZRD BT,

3) BNPREFBHBE NI AV 2=y 2wy REAWET b Y Y AHRAZFE77 3 —
OEHRENHREAANT & LTOEZORE : BNPEGEFAREHR N F VAV ==y 7Y XTI,
s - DR - FRREOFEW R M ERER D, T OELAIN FBNPRES LY MEORKE T HBEETH -
oo BXEIBFICCBNPRE FREFEH NSV AV 22w s VAT, HELREBOEFLVE
BT EOMESRD b, —F. BHE - HERICEH brREZRD SR 0T, MBFER
REHZ LV BNPRBREEFBRFEE RS v AV 2=y 7 v R, RERKEOMAEE - IEAXKRERE O
BRERL, EMROBEASERINz. BHRKE ZOKARE TRIMALPREITRD LN
mhole. BLE XY, BNPIXRERE EEARERR 26558 L BERERBREGRTCHDE 2 L
MR Sz,
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19884 &L L990FEIZ FHIKWNT 7 & i & D it S bV & AFIR~ 7 F K(BNP) L CRIF R U v
LHRATF RCNP)BFEREN, hEEMEFAHRL LTOF LY 7 ARRRTF 7 7

Y- OEEN - RREBNOEENEBEND LSRRV, ZOBERAREE ST
. HAFBEICANP EBNPHEZRZNE OB L LED LAMENILMALEY L LT
FRT S0 L. CNPIZIMEARKAMIS<7 07y —Y CEESNERFETL LTHE
RIEDZLRAML. FRITAFRRTF K77 U =58P 2F K. Yo AFR.
MEEER . MEMBEMEERIZLY . OFRE. LHEE. BT, B IR 18 1L % 0> 16 B 2% =
ROBRBIRICEERRE 2RI LTS AEESRLTE 2,

AR BETZNFERICED, F LYY AHRR7F R EFBE KB L RB~<

AEERUL. TRV TARHBRRTF K77 3 ) — @AW - 5 LB 2350 MW &k
EREBET bOTH D,

2. WS

2. 1 BNPEBEFHDWIECNPEEFRETTZ (/v 27 Y h=P2) OM%
199 DA R B A L V. 129/Sv= ¥ ABNPEIEF R CNPEEFA 7 0 —=1
L. BONIBNPRIETDOHEL $227 Y > 55 WECNPREFOBIT I Y v hrt <
49/m&§h¥uﬁﬁbtﬁ—774V7ﬂ7¢—£%wT#%777XW%%\
germline transmissionZ R Lic. KEEIZ., ZhLEMF A5 <Y 2550 LTHELN
AT B BEAER LEICATHEAE GERTFRATY R, /v 279 hwv2) ol
ﬁ&tox\mwﬁﬁ%mowrm\%L%ﬁi&yy§*ﬁv4vym%ﬁﬁ%mﬁﬁ
LIEHLWE =754 > Ry 2 —DBE 27 (11) . FIFRIZCNP/ v 7 7% <™ 2
DIER 2 A ATz,
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2. 2 CNPERETFOLMERE
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¥ A CNP3&f% FWi /i & 3'-rapid amplification of cDNA end 3'-RACE),:ic TfRbL N~
ﬁx@@dmA%ﬁ@T*%%%fﬂ—fbbT\mwavﬁx%ﬁ¢?4fﬁu—;b
CNPEEBEFLER2/v—=Vv/ LT
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3. 1 BNPEEFHDIWIECNPEEFRIASYX (/v 77T h<YR) OB

3.1, 1 BNP/v&Tr?bvr?xﬁfi%

=0T 4Ry E—2ESHRic B A%, 55 N R 2 % & v CAR 18T
@K%%%?V?X%@ke%ﬂ%h%%ﬁCﬂBUM?WX&&MT%:kKlD\@ﬁ
DF AT <Y DWW Tgermline transmissionB R &z, Bic, BEE TIZI0ELL -
@/v??ﬁhvﬁxﬁ%BﬂfwéoMW/V77WFVWXm%ﬁt‘ﬁiﬂ?ﬁx
EOMIZHL»RZZRD behr olc, BIE, BBRBRZE OLHKBOMES2MMT
LIMERLOHABEORMERVCMEDAREZTEEZBRIT LTS,

3. 1. 2 CNP/ v /s 79 h=yRA{EHR

199SEFEIZB/BLNICNP/ v 2 77 b= ZEHD I HOHEF A Sy R L) ~F 0
EEGERUAREEREGEST AN EE GO, FIZIVCEEIHFLSER LY —4F5 4
ORI Z =R TRRICHEEFAS <Y 2BTEBELNTRY, ~AFoEAKRD/
IT7U MU AOEREBIRLTCRICRE 2T TV 5,

-354 tgcagaaggagt cgtat t ot tgagtact gegeattet tggagttcttttotgegegeegottt  -235
-234 gtggett agecgagecgecggetect qtgagatatgggttggagea ccgtggoccocteceggee gggceqte  -115
-114 gattcggcege Lgcgctgtg%ﬁgccct aggecc @qﬁggéé;c;tc ._tgg;qt}»,iuﬂ + t CAGCC 6
o% GC box CRE-1ike TATA box ?on 1 (216 bp)
+7 GGCGCCGCACAGCAGTAGE. GTCCTCECTTGECARTCCTGCTCCGCATCCGOCTATCCGACTGE TCACCGGCAGTCCCGECTGCAGACCGTCTGOACACCTCCGTCCC cc +126
(8] ¢ AL L L AL L P s X 130
+12 RTGCACCTCTCCCAGCTGATCGECTGCGCCCTGLAbLLK.VLI:LTP»LALALK:LAK.LGGLLLALthGCCMGCCCGGGAClCCACC taggtgctgt. q 24
Intron 1 (39¢ bp)
+247 ¢ aagatgtgg ggacttgetecet gegfiggactictdyggticattt aa  +366
WF-XB
+367 tgtegacaca gt tgtg tga tggge tggatgctggact  +466
“Ealf

+407 c:gctgtcccgcatcggtgg;ggcacqctcatggctgagaagggccacgcc:ccctgggccccg’taaaagtcztctatqctacatcggtgcactctttcacctgtccactcttttctccq +606

(31 Q 2 15 9
+60 ac;gGTCCCGAGAACCCCGCCAGGGGAGGAGCTGGCGGNH‘CCCAGGCAGCTGGTGGCMTCAGAMAAGGGTSACMGACTCCAGGCAGCGGGGGAQ- 'rcuac-cuc 72

Exon 2 (311 bp) ¥ box SSRE
(70 R L L R D L R V D T K S8 W A R L L H A YKGGNXKGLSXG(IO?
+72 mmmxgm;mmm&rmmm@mum&mwmmmww +8a
110 cC F G (126
(+Bl CTGC'I‘TTGGCC’ICAAGCTGGACCCGA’I‘CGGCTCCATGAGCGGTCTGGGATGTTAGTGCAGCTACCCCTGGCGGCGg'ta:g"' cgcectage: q +96
Introm 2 (-2.5 kb)
+967 caagctettatcactgt gtttggtttectecctgatecctatgtictgty: ttag_gcl gggatcaagtgtacccagacattt +1086
+1087 g t tateccea thta aaagt gg fag: Rggtt: ttagagtact tetggettectet +1206
SSRE
+1207 aaaat ggcttatgeag t 3= - PP P (= 2.8 Kb) oot
.......A....,,,......4...»......,4<EEEa_q_1‘:aqgg=ctgagtaczchgtcatcagcttac-. teate 2 gctgtaca ABS
AB6 gctgg 33 g H—n atktctaag gtaget: tg- getgettagaagttgt A205
Y box
A206 agatgcttaatatgtggecttttgttaaatcccagtgetggetet ggctittateeatkttataggtgagetea aaget s gtcaaatcagatega  A325
Pit-1 SacI
A326 cgatttgagteceagaat gagtta: gteectatg tga tg: t ggttgtgttgtagecaa  Ad4S
RA446 aaatgage tte tt a tgtagttaaatcttaggggaggggeteaggtetggeagatgetatggttteacetgtgetggtccagee  A565

AS66 agtgecgateaaggacctgtagategaaggeacacaggetitgectagtgotactgtaagaaaggggggaaagtictacaactaceetgtgggatgggetttttcagtgaafagacaga  A685

A686 actgagtgtcctgtg: g TGAGGCCATCCCTGGTCATCACCCTCCAGCATC TGGAAACACCTCCAACGCARTGTGGCTITTACA — ABOS
Exon 3 (499 bp)
AB06 TTTCTTTTITTTTTITICCT CTGGCA ARCA TGTTTTATTATTATTT TTTATTGTT TTTTTTGAAAATGAAAAATAR  A925
A926 ARAC TATAT" c ACTCCCACACCGACTT AGTTTT TCACARARCCAGCTAGCTGTAAAACATTGCTGTTT Al045
A1046 GTAAATTCACGTATGCATARATGTATTTATCT AAGCTATTTATATTGTT ATTTATAAAAATTTTATTTATGTAACTAMATOAAAGAAGCCARCCATTGTAATGT  Al165
Pit-1 AT-rich AT-rich AT-rich AT-rich
A1166 TTTTGTCCTAACTAGTTGAARRA TTAAARRAAAARA TCCATGRacatettgaaaattgtetttafEtatteatigetttteatttcaaaaattagectgageagaggeaga Al1285
“3pal >poly(n) Pit-1

Al286 agacaaggeatttggetceaaatagatotgteagteaggtttycaactetgaatigeotetgtgteageatecettagggegecceatecaccecteactotactgaagttggtoteteag AL405
Al406 gaccgggotggeegtgtg

B2 129/Sve U ACNPEGETFDOIEE

-157-



3. 2 CNPEEFOLMEERE

129/Sy= Y REEFSA T 5V —2x100270—r %22 ) —=5 L., v ACNPREF
DhEERADIrO—YE B, 5EELN129/Svy~ Y ACNPRIEFIZL2RFA4kbDTH Y .
CNPREFEIDDOTZ I VY 2004y hurrbiif&n. 1. 2z Y U HBIRE
Hratrolc st LT, B3y Y33 -EMREEBOAZBATND ZLBWAL NI T,
S.RACEMIC X =7 ACNP#IE T D 5B RIZTATA boxD#130bp P I AEE Nuic,
BETOS - BESIRIZIZY box, GC box, cAMPIRZE R F ARSI & 230 O CARERFIA A D
Lz, NF-x Bfs BMFIAEIA > k vz, shear stress-response element2S 52> 7 Y
vig24 v hryiEABD LN,

3. 3 BNPEEIBHRANS VAV z=vr<URZAVF MY T AFIRXZTF K
773 —OBRBENBHRGRT L LTOEEORE
BNPREEFBHFEHERNS VAV z=v s <Y ATIE., &, B FHOFW2MEE
By, ZOEAITIM PBNPEENFEEORRCTLIVEFTH > k. BXR|WIPICTBNPE
EFBHBER IS AV 2=y /< YATIR. HEOELWREHMAMOMELZR D, Rk
DI B B Ic BT b B b (R3). Bic., REROREMIEOHANRD SN
oS, BEE. FEmBICEE LA REIERDONEr o7, BEECELZBDONZD -
Too MBS MMREFICE VBNPEETFABRMER NSV AV ==y 7wV AT, BERRKE
FiEEE - PRk BOEAKETRL., REMBOMEMSEAREEN L. X, AR, MFHEKE
BOFEET D HBROM FHRBEREALNZD b, BHAEBERNIIZE “B" Ko KREMIKE
OERMERAD . Biz, RBEEICELT, WE2BEEL T MRERSFE LK. BHE -
FEBEOBEERILRAELRPRRESEOKARE TIEHE L2 R2EZRD bNRd > T,

E3 BNPEGTFBERRILS VAT T=v I IV RADERXFREICK DB
(&) MBI IR, (B) BNPEGEFRRERR IS APy IRIR
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4. EE

4. 1 BNPEBEEFHDLWICNPEEFRB~TR (Vv 77T < R) OB%
BNP/ v 77U R ADERIZOVTIZ, 1995EEIZHE LN DX 2S5 <y 2
TiZgermline transmissionBER TERP ofclcd,. B2 2R MM X ESHEA AW T
I0EDXF ATy REEHM LTI Z A, N4LIZgermline transmissionSFER SNz, X.
CNP/ v 77U MU ADERIZONTIE, RMICHEELESI=I Y OR%WIET D4
=TT 4RI E—TRCNPZEDOL DR a— KT D382 7 Y URBHFET DT, 19964
BIZFH L, Bl 220 v b b CBET D ST 1o /Ry 2 —%EELT,
ST UMY AQOERERL T, ZTHIZLYVCNPEHS REB~Y R LIt EL2RA~
VARBTLNDEEZALND, BEDO LI A, ILWE—FF 4 LRy E—%A 0k
CNP/ 2277 hRTRZDNTIE., HHOEEFASIARELNTRY., Zhbo
REICEDAEEEE (/v T h~YR) OFEENRTREEZ NS,

4. 2 CNPEEZTFOLMERE

199SFEEIZ iV E > TdH DANPEBNPOEEFMRIDDES VY 2004 > hayv
DPORERRE R — ek EiCFl —FMICHEELTHEET S I L 2W L0 Lz, 19964
BB AMRIZE Y ENTF FHDWIERBFEF & LTHEMAT 2CNP#E £ F & ANP,
BNPEEFLRAKOZIY Y /A hurlETHDZ L MELM2ICR o/, CNPOM#E
FEF YT AR F ROPTRERZBLATED L<BEENLTHT. CNPEEFE A
ANP, BNPEBIEF L B2 5B EICHFET D). CNPEEIR Yo h2 47 (H£ED
WEBEF) ELTEETEREZLEON FHRMBICLDANPLBNPEGEFNELLLEEX 5
no,

4. 3 BNPEEBFEMFER NI VAV z=v <y 28R 0cF MY Y ARE~NTF R
77 —OBFHRERBFRGRF L L TOBEZOKRE

BNPEGEFRHMHEEL NS VAV 2 = /v T 2DBERROEALIZHE L BE B DL B
FLTRY., BHE. EEICEHELP REEAED LN Er o, Bic. BEEBE0OKESIE
WIS VAV 22w /= A LWHBRTY A DOMIZHE 025 38D 5Nk e, B
BAEIRIZIE R LTz, REB QMMM RE LV BNPIZ i BREK B I /A L kB M o
B SALERET D ZEBM P LR o, BLEX Y. BNPD M RE B L {2 M A
AEAE . FRY TAFIRRTF R 773U —BNH L WEBRE BTG ET L LTFERT
DT LR ENTZ,

5. ABRORE
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5.1

BNP/ v 2 7% k=T RACEALTIE., ~"TuESGEORREEMEL. 2HDO/ v IT Y
F< T 2 EBELLEbIC. BRALEBRRZ G MBOMMBENMBITE L bIiTK - &
RENRBMIAG RAOLEILE RET D, HIZHEMOANP) v /7 UV NV ATREREBZER
ME%. ANPEBNPOSZABKRTHDLGC-AD/ v 7 77 b~y AT ARBEFERZERILE
FEFEILAMESNTNEIOT, BNP/ v 777 b~ U ADIMES REEZEICEA
BEETLEZLNSEDAEORTZIT 5. X. CNPRHEBEROLEHMESTT FTDH
AL kX, CNP) v 727 T hTRARCOVTHLMEREZTLICEEFEHRORBETS.
Wic, ~FulEAhH VR REZEAGALBEANORBNHRG ROEIENMAEF (N
EUORP AT A—F, ME. REMNESE) kDD,

5.2

<Y ZACNPEEFOLZ I Vv /A hu &S b5ricizofzlcd,. & FCNPER
TOLED /U —=V Lok BERESTRRIZR Tk, 4%. & FCNPEIEE TEHIER
PORBIZODT TORIBBLETHDEEZLND,

5.3

TEBRIN b I BRI AW EN EBNPY., BREMBICEZFER T2 LItk AREEF
ILREER ZET20PBP2RATILHDICRERT OBREHERZEZMWICBNP (Y
TAMRRZFRT7IV ) ORFETY. AMRCIVERAGE FLLTERS
TERF PV TLARRENTFET77 IV =0, HLLLBRBMIGOBEHEILICE TS D Z
EAMSNERY, RERBMEBRERRON LWEERALPICRDTARELSDD.
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Generation of Mice that Overexpress or Lack Natriuretic Peptide Family
and Its Significance in the Regulation of Salt Metabolism

Kazuwa Nakao, Y oshihiro Ogawa, Hiroshi Itoh, and Yoshihiko Saito
Department of Medicine and Clinical Science
Kyoto University Graduate School of Medicine

Summary

Natriuretic peptide family consists at least three endogenous ligands, atrial natriuretic
peptide (ANP), brain natriuretic peptide (BNP), and C-type natriuretic peptide (CNP). These
peptides can influence body fluid homeostasis and blood pressure control by their potent
natriureiic, diuretic, vasorelaxant, and vascular growth inhibitory activities. To examine the
physiologic and pathophysiologic significance of natriuretic peptide family, we tried to
generate mice that overexpress or lack natriuretic peptide family.

Using a targeting vector for the disruption of BNP, we produced several chimeric mice
that transmitted the disrupted allele to their offsprings. We have obtained several wild-type,
heterozygous, and homozygous mice and are currently examining their phenotypes including
blood pressure and renal function. We also recently generated heterozygous and homozygous
mice with the disruption of the Ist exon of the mouse CNP gene.  We have obtained some
chimeric mice and are checking whether they trasmitted the disrupted allele to their offsprings.
Furthermore, we have recently constructed a second targeting vector for the disruption of the
Ist and 2nd exons of the CNP gene and obtained several chimeric mice.

A 4.0-kb mouse CNP genomic fragment was isolated from a 129/Sv mouse genomic
DNA library using the mouse CNP cDNA probe prepared by the 3’-RACE technique. The
mouse CNP gene is composed of 3 exons separated by 2 introns. The 5 -flanking region
contains an array of cis-acting regulatory elements and a dinucleotide CA repeat
(microsatellite). Using the full-length mouse CNP genomic fragment isolated, it was possible
to consiruct a targeting vector for the disruption of CNP, in which the 1st and 2nd exons of
the mouse CNP gene would be disrupted.

We have previously developed transgenic mice with overexpression of BNP in the liver
and showed that BNP is involved in the chronic blood pressure control. Three independent
transgenic mouse lines with marked overexpression of BNP exhibited skeletal abnormalities of
variable severity in proportion to plasma BNP concentrations. Skeletal abnormalities included
kyphosis, crooked tails, and overgrowth of vertebrae and long bones. No gross abnormalities
were found in the craniofacial portion of transgenic mice. Soft X-ray analysis revealed that
BNP-transgenic mice have larger vertebral bodies in length, and elongated tibias and
metatarsal bones compared to non-trans genic controls.  Light microscopic examinations
revealed overgrowth of the growth plate cartilage in vertebrae and long bones, both of which
are formed by endochondral replacement. The BNP-transgenic mice exhibited overgrowth of
the growth plate cartilage and hyaline-like cartilage formation in the intervertebral disc and
ligament. The present study provides the first in vivo evidence that nafriuretic peptides are
involved in the process of endochondral ossification.
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