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B “NihonT v b OBERIEICEES TS “NihonBa T OHEE
XU DIT
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HAREETTIE. RHEBERZEZROVERL TEZOREZEE LD, RFHERFO
BHICEARALRBERELTHELEZDDZRHEL TEIYILEZDDTH S, TDH
REEETIIE Z<OBBICREAMDBLEL. [BETFICEZHEDRNWERRE
EETI] ODEIIC, EROBEOUESALETH S, TNEH”IT, TOEYZ
AR aFIIra—=_>2% (positional cloning) . (LEMIEFHELRTHRRIE
(positional candidate approach) 72 EDHEZHANT, BRERZE I LIZELRTO
FENABETH D, S HIT. TOETINEYWEZELC TRIFINZETNS DRARLR
DEEBLRTZHANT, £ MEEADIGH, BEDORRKAH, BEE, B2k
LEMNAREICIR > TETWVD Y,

bt hE#MEEE (Renal cell carcinoma) (FKEICBNWTEZFER E T 5T D 6 HFH
CHZD. RAICBITLENERED 3% Z25D5? . 20014F1213%I32,000 A DT A
UHANEHIETHLEL, TDI 5, F40%NEBOLEDIFEEL TS . X
oo BFITBNTHERIERET BE N OHERHCINUL. HEADERD S
BENEINLD313% Thb, TDHH, BMIDEIFICRET SEREEFEOFT
BHoEHEL<, KX EEDTED, IRTOEDOK2%ZHDDE Wb TW
%, TOEALDIRHEITDMN > TRV, BENFROUVEDEEZ SN, X,
BEHEBERBFROVEDEEZSNTNSY . b M OBHIIIEDFRIE & & ICBY
B3 2BETFHIZ 1990FEZAETRIZEAERHT, MICBEEL THEBRNIUEL
TWBEMRT (TGF %) MEHINTVNEDHTH> k. TDH., W DNDE
BRTF EREGE S TR (VHL(von hippel-lindaud) &5 F . c-Meti& =¥, FH (Fumarate
hydratase) JEf&T. TscI(Tuberous sclerosis)iBfn T Tsc2BAF) At bEHED
HREEBICEAEG TSI ENHEN RS2,
EEZSIIEMABRDIZDITHE L T /=Sprague-Dawley (SD) %7 v bOHIZE
BEEARARIETHDHOZMBARHL., ZOENELRMETHSD I E2MEL. “Nihon
Fy b L@l SSICEEREDRREICOVWTEEFEMENMEZT S,

WX TIE, £9 “NihonT v R OFEOKRE. BIH - B TH S W RE

FHY, BEREHAIRZEAR L. RICBEEORREHELRT (NihonBERT) ZHRET
720 DREBAEMRDIER ER D aF V- ya—=2 T (MBEBNEMELTFHRR)
FICKDRBERBEIRDRFE, & 5IRE LZRABERERICBITS. BEOANHE
KRR T D—D EEX SNSBHDRE O VBT OHEEEEROHBHTITON
TRk L. BRRBICET v NOERBIZIOWTHMAREENER 2TV, B
BETINEMELTORERAEEZERL /-,



HIE  “NihonZ v K KBITHEREDA > TIVlA

1—1 BRU®I

1954 FEIC/ )V T = — D Eker HICK>THRREENZT Y b (Bker T v b) IZH
FBEEIX. ACTIVOEANCH > B —BERETFOER (Tsc2 BETER) T&5
HREAEEBEERZ LOBRIOBEHEEET I TH 72, £DHK. Eker T
rOFREEETIE. Ty FRAEK10FBICTY TEINT, HEEFS E Yeung 5D )V —
TIE>TEDBET (Tsc2) MEEE - REI 1Y,

ZHZ 513 Eker 7 v M EIZBHSNITE OMMBENRIZD (Bker 7 v b OFHREBRITH
fEENEm <. FEAERAZ S DOREMEZ D SIRER (tubular type) &, ©
PHiRREENMES . BOKNRFRNEILS. HFEMEREZ B ORISEBEZ D5
72 compact type TH B 'V, ) | ZEfIR B B WL AR M FE DK BARY (clear type) |
H B WIHFEEYE OMIIRE OFFBEER! (acidophilic type) MFHEMELIZERIC, =5
I —ERIEER U 7= FRARE EPNIC FLERR I 858 2 LR EY (papillary type) KD 725i&E
IEEE % SD (Sprague-Dawley) &7 v M SERFERL . T OB % HIHE - 5THC.
100 FlZB A BRERBOERNS., TOT v FDPFHEOBEEEEETINTHS
TEERMU. “Nihon Ty K LA ll,. FETREZEDOETINI Y FOERD
FRAR O BIH, BEEOREFNRE. S5 ITHEMZ AW ERIBTERICD
WTHRET 5.

1—2 FREEORER

ELEONRERLEZBES Y M. F—0O%EBENSHA LK 7~16 Al OFE# SD
F2Ty MEET, BIEFRUCRIICEBLZ 5 DOFEMEERL D725 343 fil 15 BT
DOENTZONRM THBD. TOEMITIIZFRME. WmHRITEO B IDARE & & RR
BENH SNz, WIRENT I D LRI B REICERE 1mm ATERO/NEO >
A b HBNWEHEABKETINRD SN, MEFERIIIZERRD 5 WITKASHRE %
B9 2R (clear type) « 2 WIIHFIEMEDOHIINE ZH 3 54FEMER (acidophilic
type) O FRAIE b B AR H Sk D FE B MR ST SE 1 72 13 EIRITHEFE L TW B A 82
SNz, Feo —EHGR L 2 RMEENICHLERICEET 2B b A I N, Mg
ROPTIRIFFICKAROERE N A Z GO, BERREN SIRE, IREICESET
DL MAMGRZEZRL Tz, BEOBARRAEMEEIX. 8%, BEE. B
KUV RIETERICRDENEZENS, LEEORERN EFEFRANS, T b
HICALONEEEEIEREOBEMEE THh 5 LHRI N,
T DR F—OEHESG N SEABEFMICE > TEEREMICEFHEME D X MR I NI 2
BlOTCH (Parent) (BAFP ERT, ) /5 ENTE, KHREE Z2WHA
FrOfEEk N THIE - MR 2B L. TOI A MDA SN 1 HIEIEED SD &



Moy NEERBLT, #8 (56 1L3E) | o (55 1 ILERE) #lD FO fF2°
Bohkz. TOFEME 10 B0 STHREFRLAEZE A, BRAICEHEES
A N2, M8 HITHERINZ. ZOAMNEETHHE2HZHNT, FOEED
WERRRELZ 1TV, F1 8 23 #l (H 11, i 12 ) G5 n/ze TDF1IZDNWT 8
s O L TR FM 2T, 11 fld 7 #1, i 12 Bl 6 BB REICEFHEMES
A2 RS DOEMAHER I N (Fig.1) . RIERBRAETOREKREZ#E TS Z LITK
D, BRLATFI6 AETHEATNS,

“Nihon 7 N B LD ENSEREICREEEZRETET7Y N THD., B
BAREBEOBLEERZESZENHENERS T,

1-3 MEBIUHE

1) B9

WA U Z=JeHi[Pi16] ; 33 B DR T A M E2RERL., Fr U7 —ELTHRA (64
FEER) 1. 725 NTFOD ESHI[ 1056 T X b 2GR (29~34HE) 1. F1OHE3FI[ 10
HEEWM T A MR TERN -7z Q6B XU308E) |. B K OFHERE & 15[ 8
T A NZHER (8 1. Ait1apl 2Rl . BRORERSEIREZERL
oo EHIT, FOIE (100 T A b Z2HER) CIEEOMES v M (RC/+H) X @ (+
/1) 1EDRBEETRSN488D176] (N1) IZDWTHRBRKICHBRL ., B RE
PR 2 E i L 7z,

2) FAERE

BYIIRE21~25C, MEE45~65%. ik EI¥k200E], ], FRBARFf6~ 18MFfID
RETTHELE. BME3LER Sy — I DINAL, fHidy BEHEE L /-E
Akl (CR-LPF. AU L2 ¥ )VEERTEK) ZHHICERSE. KiIWKEMAKEK
ZRAKEICHKREL., BHICERI B,

3) WEEREORE
WEMABFRREICHLZFMIEI. ROMVVEY =)L MU T AEETR T, K
MIZEK> TRERSBLRICHKRL, 2H50DHE - HE&E10%PEEE R <Y >
RICEE Uiz, BHBITEIEICIEN/ST 7 4 IO EEY L, HERBERZ L
THREHBENICRE L. —HOFICDWTIIPAS. TV T > T Ib— DRk
BHEmML .

4) BERRHT

TTHTHSHE (P) IZDONWT, BRBINEZHFIW L TE - ERBEIRICBNT
TNETNLUTOAHEEZRANWTEGTHRTZRA7Z. £ FOBEZ A0 &R
{LIEDHEER T TH O, EkerT v b DIREE R T TH S Tsc2i8nTH L OFEEitE
BELIEED DD 1 DDIRKRBLEF TH BTsclBETICOVWTIE, > 7oy bEd
J =870y bE& 5 NITPCR-SSCPiE " 1271 %) T, von Hippel-lindauJii D7 K&



fL T THBVHLEETIIPCR-SSCPIE' ¢ T\ c-Mer B TIZDWTIZH ML L 0 ##
I N/=7 51 <Y —[Accession No. AB012279 (L) 217D T Z 41 < —) . AB012280
(V218D T 514 <—) BLUAB012281 (L7 19D T 514 <—) |ZHWN
T. PCR-SSCPi% T 94 H germline mutation DA M\ D W THEHT L 7z,

1—4 #R
1) HIsRFrR
N1 (48#R) : > A MIAHSNLM- T,
F1 (8#) : BEOEEEECERIMmMATED > A SAHEAMED L LRI
A 507 (Fig.2A) .

PBEXUFOME (64 MnH K TN29~34 ) : BROKEREDO L X Tt
3B3BI10E#E OBE FMRFCHRTEISICKREL, HH¥mL
THLNE. 2. 1~3 mmOFHABKH O NITEHEABENS
FLTHS5N/ (Fig.2B) .

F1i (26B KX V30HER) : 1088 T X "B LSNRBN -0, ZOBEERICHBN
THRHIENRZRERA NN T,

2) WEHRFERFT R

N1 (4i88m) : 1761F8% (47%) ITHFED D WNWIIZLFHEMEOKAMAL (clear cell)
B B WISEFEREMIE (acidophilic cell) DB ARARE 23A 5 317z,

F1 (8:8ih) : RME L& OEBEERENHEEES L OSHREICA SN, KM
e (clear cell) B XOGFEEMEMIME (acidophilic cell) DRERBIRME EB X
ik (Fig.2C,2D) . 725 N/ DIRIENE K ERBICRD 57z,
BWER D% < idclear type T, EIZ/NHT/7 OTF U ICEA. MIREIZZER
REELE. TNSERROMBEIIPASHEET—HMBEZRL 2. KH
MifE (clear cell) EHFEEYEMIME (acidophilic cell) %R U/ZiBEREME H
FNIRD SNz, BRI EICHEEMEMAE (basophilic cell) 12k D AR
SN, KT KRE T, HLEL ZRMERENICHAERICHEL 2422
A5 e f

PH X UFOltE (64iB B K TU29~34:8 M) : FEEHREIIIFEEM (acidophilic) . 22
fiR B K KAZS (clear) MIREZE T 5RME EEMREOFEEE, R
(Fig.2E) & B WIdFHEHEME (basophilic) DOMILE 2 b DEEMAHLE
LZZIRMIEERNICB T 2ABEIROMEME (Fig.2F) LTRSS, T
5 DOMHBEBRORHE LT, KBH7clear type (Fig.2H) DEEMIIENZ <.
/o, WM (clear cel) CHFEEMEMIME (acidophilic cell) & DIEEH
(Fig.26) HLIXLIERD SNz, FEEAMREICIE. RITREO#BEZE
B9 5EEMBORTASNZ. IS OEBILBERIRED S RES X



VIRBICE D X TOLEREALEEBEE L TRD N,
F1if 26B X O30 : BRICEE ANz, T OM3IFIIIEE REH
BERTHBEEZ SN,

3) BETFHEHT
P OfZHAWEST T Oy bE, J—H 70y MES LD PCR-SSCP ETD
Tscl. Tsc2. VHL BILTBEL N c-Met B FIZNWTNHERIIA S N> 7=,

1—5 /N

HRATHE—DOBEEETINT v FTHBEkerT v M. 19544F /)7 = — DEkeri
Ko TR SN, BHFOMEE 5ICK > TREREE B - FE SNz (19954F) .
#3# 513SD (Sprague-Dawley) 27 v MM RBEREREE S Y FEFRAL.
“NihonZ v k" &t L7z, D “NihonT v b OFERIX. FE—OBHEHN S
AUTz7~16E OEE#SDHR T v MEE D343 1SHICEBO SN ONRITH 5
N, TD%. Fl—OREEN SHFOTTH 25 TRKHARE 2R Otk
NTHEIE - RELZBE L 7. Il - REEDOREMN 54 “NihonZ v b 1&, Eker7 v
h ERERICA > FIVOERNCHE - I B —BETOERRICL 2 ERAEREEELEER
ZELHBEHBEEETINTHS EEZI SN,

“NihonZ v b BEXUEkerT v M DB DRI 2 LB L /=35 A. EkerT v
N TIXHNIERIC BB 2K ET138 AMRIC/R B ETRD NN Y, MRRFICIZE
BK2 AN SZERIKME (phenotypically altered renal tubules) ZSHEELAD., D
i RIS EREE Z 7R T tubular type & Rl 7 iS22 D < 572V compact typelZ 731 5
. ZD2DO0F 1 T DERKMEN B RIREZE CREIC/AR 5. TOMIER
i&, % < I3MIF# (bruch border) % & DIEH RMIE & OBITBRNASND T EMD,
FER O KRB MEAMIRMERKEEZSNTNSE! T 18

—7%. FEESDOHER L “NihonZ v b 1&, 1) WIRKICSEER B 5 WL IZZ N LART
WCEBREICEZRE M AN ERDD T &, 2) HBFENIOBERIRE Z4BE D 501
THLUEIN 5RO 5N, REBIVIREANEETL TN EEZIOGNS I E, 3) &
512, “NihonZ v k" IZidEker 7 v MZIZH 5 N2 W BBAMIZE! (clear cell type)
DREEKMENE <. &l OB T3 AMRE ORED X O £ TOL B &
WEEINDEND K TEker7 v b EIIRBZKHMEFL T, “NihonT v K
CBVT DS OFR AR E U CISBERMETIE, iFEEY% (basophilic) O EE M
RUEALIRAE & & 2 5. HKEHMIIRR o B MM R AT RS LIS IC A& Bk
DREEMNEZ SN2 ?, i, b NEBORRBEET & L TRE SN TN B Tscl,
Tsc2. VHLBIETB X Ve-MetBEFIZONWTERHBTICBWTHERIIREER
Mo 7z,



PLEDXSIZ “NihonT v b7 [3EkerT v b L3RR BRBFA AR B L
HBROHE) ZR0U. Eker7 v FOBRRBRLETF THA5Tsc2BETFERNAHERW
ZEMS, FHOBBET IS Y N Thd I ENERIRBI N,
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P O (+/4) @ (RC/H)

Fig.1 Pedigree chart of Nihon rats.
P;generation derived from Jcl:SD starin. [J:Male,O:Female,

» ‘Male with multiple cysts, @:Female with multiple cysts.
__:Underlines represent animals examined histopathlogically.




/‘;‘\‘, .~ N

Fig. 2. Gross appearance and histology of the Nihon rat. (A) Gross appearance at 8 weeks of age. Scattered cysts on the surface of the
kidneys (arrowheads). (B) Gross appearance at 34 weeks of age. Multiple cysts and yellowish white nodules. (C) Histological appearance
of atypical hyperplasia (clear type) and (D) (acidophilic type). HE stain x160, (E) Histological appearance of papillary acidophilic cell
carcinoma and clear cell carcinoma. x40, (F) cystic acidophilic cell adenoma. x60, (G) mixed clear/acidophilic cell adenoma. HE stain %130,
(H) Detail of the same tumor at the higher magnification. x400. All histological panels were stained with hematoxylin and eosin.



#5282  “NihonT v b OBEBRIEICEEGTS “NihonBIET BHR
D 7= 8 D G fa 4 1k B D AE R

2—1 BRI

Eker 7 MEIATFIVOFERNHES T H—BIET (Tse2 BIETER) ITX5ER
BREHEREREZ L5 —-DBEEEEET N THoE., —FH. B1ETEES
DOFER L “Nihon T ;" 1d, Eker 7 b EFRLRSD I ENSHHROBLREEE
ETINICRDBZEZEZLSNZ2Y . I5IT. Bl - TEREOFEREN S, “Nihon
Fv N OERREESEITIEAE 10 HRIRITIEBIET S &, AT OEAERDRSE
K13 100% EMIEEE £ T, KHMIE (clearcell) ¥ FZEMICHEL., £%3H
eV BHINSHINARENHE L. s AEE TICREZ, 6 » HBICE> TIEE
M Z 2T A EbMRINAELY . Ko T, “Nihon Tv N IZBF 3B HIE
WBL Tk, ATIVOBERNCK > B —BRFICLDERAKELRERERZ &
SEEZ SN2 (Fig.1) »

T I T, AETIX “Nihon 7y N OFKBEFERIETZZDORIIDAT v T
ELT IBHIORLREET v FZERL, BEMY 25—V zEmRL 72,
v b ERWERAEREKOFHRBRLEFEZEEMBITICE ORI yaHilryo—=
CUHTRIET B Z LI, FWAAREREETH DN, BEOHEELT, T
27w 2T ) AEAN—THBEFEEI—N—DHAEINTBD, TOI—H
—ZRAWTEBLZ, £9. ¥/ LTA4 RAZ Y =22 72T, RICRAKDFE
5 10~20cM Wi 2 IN—F 5K LRIA 708551 hY—H—DBLETFR L,
W EZ 2 L EER FEHEREERE) & association study 2 %2 BBREL. TD
EOEHNWIY = —0NH 2 REEE RN, TORBREEK ELOY—H—2EEEL T,
TOEBTHBIWREBLEFICTESLE RN —HA—2KRD7= (VU 25— D) .
TD#ER. “Nihon T v b’ OREBLEFNT v bREK 10 ZBOZEMIFICT Y E >
TEINBIENHESEMNERS T,

2—2 MHEBIUEHE

“NihonZ v b’ OFEEETFIZIZ7O0—X Ra0=-—THBSDETv hEDFEAE
LizZeEnS, BREZEBEL TWRWERHKET. ERXRTHS Brown Norway (BN) T
v b (HEF¥y—ILZ - UN—H) ZHNWT, “NihonT v k" EE L. F1E%
fEMIL 7=,

REICHEA L “NihonT v R 13, B 1 ZBERBRICBEBEFMRICE D FRIOERE
HDAMZHRALEF YUY —8WEHWE, TS, ATOESKTH BFI
DHEIFIZHNT, HBNT v b &KL ITKKE U[F1 {SD (Nihon/+) XBN(+/+)} X
BN(+/+)]. 136IOR L RECEM ZER L 7= (Fig.2) . T D%, 13EE O S THI

10



BLUCTHBEEIREZEm L /2. £O/ME. SFREOEMATEA 636 (K : 30, M :
33%) IO 5. 506 (K : 24, ME266)) NEMIEZRD LMoz, TORE
RIJERFNBHFETH 250% TARELZ RSNSOIz, 2B, EEBMIBN
T3 EAERTIIR L TEBEEORAIIASNBNI ENS, ZOfEBELZ,

138 ORF R TIBHIORE L RECEM DR Z R L . BESICIREZEFETHREL.,
AT 25ETBOCTHREL. £L T, BN 52%WiBE R 7 2 )L+ kU A/ proteinase
KTHEHAZHLL. DNAZ T =/ —)Liliti L7z, PCR(polymerase chain reaction)i£{Z
K0, SD%RTY bEBNRT Y hOZBRIKEZRIDNAY—H—ZHWNWT, SDRT v
MZRREBEZDNAN Y B “NihonBIEF" ZIBELZT Y MZHLNEZNE DN
ESHMRNT U 7z,

v FOITXRTOREEEZH/IN—T5F v NDNAY—H— ( “MAP PAIRS” ) %
Research Geneticsfl: (Carlsbad, California/N) N 5HA L 7=, PCRKXIRIZ50ngD Y /
LDNA., 1pmol/ £ 1D 754 < —, 0.5—1.25mM®DMgCl, (ToYoBofh®., KBR) .
100—200 £ M® dNTPmix (ToYoBoft:#) 35X 7r0.5unitdTag R X 5 —+ (ToYoBo
) NSRB100IDRERISTER Lz, Theh, BEMEN02T, 0f). 7=
— U > ITM55C, 608, HMERIENT2T. 90#MN 578 %25—35H 1 77 )L Tthermal
programmer (Quick Thermo Personal; Nippon GeneticsfE %8, HE) % HWTHEIEL /=,
PCREMI3—3.5% D{KALS (LMP) 7/ O—Z4 )L (Gibco BRL) TESXIKEIL.
IFToous7oxA RTa#kLE.

2—3 #R

BOINCT Yy PREEK 1 BENS20FBETEHIN—T51210DNAY—H— (X172
OY7I14 b~x—Hh—) TRitLZ. £D>5 5. Nihon (SDEH) EBNRHEDKIT
ZRIEMMASNTZ63DDNAY —H—Z2HW, A2 U= 72U, 67FIDRE
LRESVMERAVWERIDOAZ Y —27ICB0WT, 5y FEAKI0ED
DI10Rat27 EWIDNAR—H— MHo EH/NIRMAMEZIEK (7/6 7=10%) =~
L7ce BIETRLAELDIZ. “NihonT v b IdEkerT v b EFERRIC, HRAKE
HBEEERZ LD, B—BRETOERTEEZELDZEEASNEIENS, o
EHHBHMABOBRNT v PREKI0BRICESZH T, 7y MREAKI0BICRE
% tuberous sclerosis 2 (Tsc2) BInTF. interleukin -3 (IL-3) BIL T lethal (2) giant
larvae (Ligl 1)BIZFDRTE. 725 WXTmyosin heavy chain, embryonic skeletal muscle
(MYHSE)J&{= ¥ 7 Nihon (SDHR#) EBNRFEDOMITHENRLRMEZRL, HAH
ARIIENEN. 0257 (29113 ; x*=25.6. P<0.0001. T Rff=6.10) . 0.044
(5/113; 1?=93.6. P<0.0001. O Rff=25.16) . 0.009 (17113 ; % >=109.0.
P<0.0001. B FfE=31.56).0.053(6./113; 2 *=90.6. P<0.0001. O K{&=23.87)
ThHolk. v MRAKI0BICTBIT 24D0RBEOEEEEEE “NihonBETF" O

i



#.7ZTable 1XFig. 3ICEHL /=,

SETRRTERZLDIZT. “NihonT v M ITEEHITERFR TIZ/RWSDR T v
N THD. MYHSEBIZFREIZIE “NihonT v b BITIAHERINEZRLZ. 1
> T, MYHSEBTRIET “NihonT v b OEE WHIOEED S B34 ITA\T
O#EAEDHS% (LOH ; Loss of heterozygosity) 23& 5317z (Fig.4) . €L T, &
2 Z & ELUT. BNy b &F1 (Nihon/BN) T bODNABIMSHIEEI NS KD
2. RT3 & Bwild-type DM LB FHAREKL Tz, TDIZ L. Knudson®D
“2kbw hit” ITAEBL TS, DFD, “NihonT v R OBEERICEL TIE.
FHEONANGEBLETOERICE S TAHLBEEZ SN/, BkH S T &I1T. Eker
T w hOIRRBIET TH B Tsc2B6 TR U REFI10FDORMIBICRHETS ¥,
PE- T, BUEICBEEL BETFIZT Y NEBKIRICTsc LBEF EWTTBLET. T v
N EARARICVHLER T S c-Meti BT T v MRAKI0BICTsc2B =T & “Nihon
BERT BNRETLHIIEERS,

2—4 /NG

HAIZ 3BT 5 Sprague-Dawley (SD) RT v hOIO0Z—SHFEOELREEEET
TIVIy hEFERL. “NihonTvw K &Lz (B1E) . AETIHIBFAOE
LRBLT Y bZFANT “NihonT v 8 OBEORKRERFEIYE T LE. TD
fadk.  “NihonZ v b OFKEEETFIET v b IREK10E Dinterleukin-3 (IL3) Eix
F (b bRAgsSERED23—31) (x%=93.6. O R{E=25.16) . lethal (2) giant larvae
(Ligl 1) BT (b bRAaF17HEER11.2) (2221090, Ov R{E=31.56) . B&L
U'myosin heavy chain, embryonic skeletal muscle (MYHSE)BI&T (b M3Ak175 5 i
13.1)  (x%=90.6. Ovw R{E=23.87) ORICYY 7E N, TNENDOIEEEIT4.4cM,
0.9MBEU53cMERL. Tv MRAKI0BOEMEBITMNEL TSI ENEHSM
Elxolc, KEDFERMSIT “NihonT v 8 ORKBELTNE b REESEN, 17
BIAEKTHANARHTH - /=,
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¥ 3E “Nihon 7y N OBERIEICES TS “Nibon BT OB

3—1 BB
% 2 T "Nihon 7v b OREE LTS v Mk 10 B0 13 BET (b~
Rtk s BRME 23-31) & Ligll BEF (b MR Ak 17 BEWE 11.2) /Myhse BIET

(b FREE 17 BHER 13.10) BECTY 73N, FNEN. 44cMIEM. 0.9 M/
53cMIBALDNETH S ZENbno7222 (Fig.1) . TOKEATIE. MEdT 5L
NREEN 5 BN 17 BPHBAL TWRho7, LMD ZOEB T TICREINT
WHBMET T, BEORECHETIEE TN/, LML, F—RHICEE
ZEWYU A7 THAET % BHD JEMERE (Birt-Hogg-Dubé syndrome) O ] D ¥ KKl 1 1%
FAE FREK17EER 1125250 17RBER 2—EBF 1121Icvy FanE23
24)

B ORKEBEFREDHEE L T, KEBRTORAK LOMEEZ TES2T
FAMICED, RICTOEENSHROBHELRTZREDOTHL., TOEBICHEIC
TOBEBFIIERNHD I EEHRETHENIEREEZ LS (MBENEHECTFER
) .

AETE & PRAK17RBER 1.2 1CHFET 5 7 v h3REAK 10 FOFEKIC “Nihon
v b ORKRBEFREELZRD. BEXBEMORKELZER. 5w b BHD RE
02 OFEE & ik H 7z,

3—2 MEBXUH®E
1) HBERE, <y ETRUEENS L i
v FOBRBERML. BB ICRESRTHREL., AT ET-80CTREL =,
“Nihon v b OBEBEFILSD FTHEDO Ty hTHRFEINTNEIENS, 2
BETHRNZLD ICEBHREENZ, EEERBBRNVIARFED Brown Norway
(BN) v bk (Fy¥—)VA - UN—%tE) ZAW, # “Nihon 7 ;" (Nihon/+.
SD &%) EXRELT B EICK> TR EMEERL, 13 FORLEEY (F1{SD
(Nihon/+) XBN (+/4+) }}XBN (+/+) ) Zfl. TD S5, 13 AEHOR S TOM
PR EICL > TERUEEEE 25D 63 B (56%. H ;30 #il. M ; 33 F) L&
JRIE 2Rz 50 B (44%. HE ;24 Bl M 26 ) Dfeoh/z B2%F) .
“Nihon 7w K’ DEpBELZBEOEEMBZRARRETI/IO—Z22271LT
(1#f2 1 well796 well 7L — ) #3LL. DMEM (Dulbecco’s modified Eagle’s
medium) . high glucose.” 10% 4R RIME THEE L /2. 1 DOBEEEEMIL. Eker 7
v NS 538 L 72 1Lk9d(L)IE DMEM & Ham’s F-12 {5 D% & /MR MEICT v b
BRHETI— R LT IAFvIORMN) T L— N TEELRE?Y,
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2) RNA B, /—¥> 70y FERT DNA Hig
F—% )V RNA X YUYV —)Vit#E (Invitrogen #H8)) THBEEL/~, /—H>70Ov k
& RT-PCR %L Eker 7w DT> U TFOHETERLAEY , /—H>TOy k
Hid RNA Y TIVERINTY DN SR5 1 %7 HO—2A7)cE 0 58EL. F
A 0 & (Poll Biosupport #:8) HIC#zE - EE L=, FLNA TUF A ¥ -2 3>
% 65CT 1mM EDTA. 1%BSA. 7%SDS (pH7.2) HL N 0.2M BEEEEE RN TENE
Lize PPN aNe7O0—T CEHE%. N1 TSI t¥—2 a3 efA—0DKT
EL7z. TR, 74 )VF—II=IR T 15 77 1 XSSC (0.15M NaCl. 15mM 7 T
BT BPUTL) L 0.1%SDS T2 [EEEE L. 65C T 15 41 0.2XSSC. 0.1%SDS T
Y U7z, RT-PCR LI, 1ststrand cDNA % 2011 DRISIRBK T T > 5 LANFH
R—zZANT1ug DR (A) Offijz RNADNSARKRL 2. $TOD PCR Kiid.
1 £1 @ 1ststrand cDNA 7> 7L — b, 25pmol DZNTND T T < —, 2004 m
dNTPs. 1mM MgCl, BXUPCR /N 77 —MN5785 251112 TthDNA RYU A 55—
1t (Pharmacia-Biotech #£8) ZiNZ TEML /=, PCR Rt QTP H—~<I)LH 1 »
Z— (Nippon Genetics t£8) ZHWTLUTOXSICEML 7z, &Y 93C. 3
DEZEME, KRIZT 93T T 1 HIDEEME, 55CT1 M7 =—U > 7, ZFLT72T
T 1.5 ROMERINT 35 1 7 )70, 2T T3 HHORRBERIGZIT- 7.
X' A Bhd BIEFEH OBIBIZOWTIX, X7 AfkEh 135 HOREMSHIE L b
—%)VRNA ZHWT, U TFO7S51~<v—ty b 2R L.
primer set 1 B2-46A: 5’-CAAGAAGTCGGACATGTGTG-3’(forward)
B2-46B: 5’-CCCACAAGTTGTCATCACTG-3’ (reverse)-
primer set 2 B2-50A: 5’-TCATGGGGAATCAGGTGATC-3’ (forward)
B2-50B: 5’-CGTCATCCAGAACTTCAGCA-3’ (reverse)
Zw N Bhd BIEFE A OBWIBIZOWTIX, AFOTI14~<v—t v hE&ET L.
primer set 1 BHDRI: 5’-CCCTCTGCCACTTCTGCGA-3’ (forward)
BHDRG: 5’-AAGCCATGTTGCTCATCACC-3’ (reverse)
primer set 2 BHDRA: 5’-GCACCCAGGTTATATCAGTC-3’ (forward)
BHDRB: 5’-AGACAGGTTCTGGTTGGTCA-3’ (reverse)
primer set 3 BHDRH: 5’-TTGTGGTGACCAGCGGTAG-3’ (forward)
BHDREF: 5’-CTCCGTGACTCTGTAGCTG-3’ (reverse)
HIR L 7= cDNA Wi IZF 1 L7 b — 0 T A Zfro 7. 5- and 3’-RACE ik
(cDNA Kk B g 1ZLARTIC Bker v N TEBLAEHE' Y Tiio k., fHE
IZ5 213, 5-RACE #13. first strand O ¢cDNA % 1 DD T 51 Y —T&% BHDG7
(5’-GGCTGACGTACTTGATAGAG-3’ ) TF v hBED h—% )L RNA ZHWTH
KL7=. RNA U H—FickpE#DOE. WEERBIIUTOTS1—ty hTE
L7z,
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BHDG8 (5-CAAGAAGTCAGACATGTGCG-3’, forward)

BHDGY (5°-CTTCCTCAGCCTGCTCAAC-3’, reverse)
ZNN5. B1D PCR EMIELLTFOTS14~x—ty hEHAWTE 2D PCR TEH
L. BHDRA

BHDG10 (5’-GAGCGTGTAGAACCTCCGT-3, reverse)
3’-RACE {EIZDWTI, first strand D cDNA IZLATFD 1 DD T 54 v —2HNTES
&L 7z. ¢cDNA-1 (5-GAGAGAGAGAGAGAGAGAGAACTAGTGCGGCCGC
TITTTTTTTTTTTTTTITT-3’ ) &
B/1DPCR EHE2 D nested PCRIEZ. AFOD TS <—%2FWNW,
% 1D PCR BHDRH: 5’-TTGTGGTGACCAGCGGTAG-3’ (forward)
NOT3-1: 5’-~ AGAACTAGTGCGGCCGCTT-3’ (reverse)
%2 ®DPCR BHDRK: 5-CAAGGAGGACACCCAGAAG-3’ (forward)
NOT3-1
RACE EIC K > THIREI /= cDNA BiH I3, B, 275X KX —0H
TJoa—ZJ0®%. mAEBI—I I AL,
3) DNA 22, Y ERUCLOH (NTFOEAHDNNE) BT
1B3HEEBDO 113 FADORELRE L 8 DREMNS DNA ZHH L7z (352%#E) . DNA

i Eker 7 P TEMBLZLDIT? | proteinase K TEHZMNILL. 7= /=)0
OR)VAHH U CTHBEL =, YT 70y MEX Eker 7y N TEMBL 2 HET. #i
PREERHILER. DNAIX1 %7 HO—ZAT)VTHEEL. 7IVAUETHI O E R
BE -BEELlE. TN TV E—a N1 TUVF1E—a %1 XSSC.
0.1%SDS I L ¥ e W LEED /) —H¥ 70y MEER—FHETIT 2. 7/
LPCRIEZIZE2E LRI AHETEBLZY . 7/ A PCRET LOH BRH D91
ANWETI514<—3U T THo iz,

BHDGS5: 5’-ATCATCCTTTCTCTCAGCCTGTGG-3’ (forward)

BHDG6: 5’-CGGAATGGACAAGGTTCACATCTC-3’ (reverse)
7 ) INPCRIEICEK D “C tract” DAEFEMIILE A DT DDIZ, LTFOT T4 < —
R\,

BHDRI

BHDRJ (5’-CTCGCACATGTCTGACTTCT-3’, reverse)
th>Rew NEROBRITIE. 7/ LA PCRIEEEES — 7 T2 AMBHTIIEEN S
i U7~ DNA & IE% BB isARE» S L7z DNA ZRWTERL 7. v b Bhd
BEF (Z7YVY 305 13) DELI— REBOERAV V-2 T2ERLI,
RWwi=7514~<—% Table 1IZRY,
4) FAREEPRTTIIRAY > Ty MECX S8

Eh7xU20> (b 7V 14) O 15 72 /) BEREIIHT SHMAE
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(Leu-Met-Ser-Thr-Val-Arg-Ser-Pro-Thr-Ala-Ser-Glu-Ser-Arg-Asn)  Z %y L /=7 H &
TERL. ZORERINIZT Y FOBS (Sy hIrV13) E1BERSSTY
%, FUKIRMEN ST 72T 4 ICK ORER L 7=, HKHHEYIZ SDS-PAGE £ TR U
Ny 77 —THEMBLTHRSN, EREEIIDCERY v~ (Bio-Rad ) TIREL
7o BAIIWVATNIE ) —)VEIN%. BH &EFR% SDS-PAGE i (10%%°))) T4
BEL., 71O VRECEKEE - EELE. —RBEVOKHHEORIGELEIL I F
T ABHEE2Y TEBLE,

3—3 MR
1) #fR Yy E LD EOMARA L2B 5y b Bhd RETFERZFE
AETIX. “Nihon BT BEICENY—H—Z2HWNWT. #ii<y LS
KOE2ETEMLZ “Nihon 7w N OESEMEH 2/ L. 2 DDRTE. QIDCE9
BT (B MREEARH) & cops3 BT (b Mk 17 BER 11.2) TFoM
HHZER (0/113) L7x>722% , T EEKL TW5M. £ b BHD BEFEZFDT
JAREDY (HREERERF) ORRBEFIAREINSL2S 24 20 | ™7 X Bhd &
ZFD cDNA BT ZBIEL T, v M/ AICBIT2HEESZRET 570 0HE
ST 70 —T7E L TRHWE #EXN 55y - BHD MFEERE T (Bhd) & “Nihon
v K OFERBEREOMICELBIBO—BDRALNE, #6>5T. 7 b Bhd
BEFIXT Yy MK 10 BIZHEL. “Nihon 7w b OFEERLETICRD Tk <
U752 ENbMho7e (FolAa#Zi®E, Fig.1) . BEkdH 5 T &IT. Eker
Fv MEIFRIC Ty bREE 10 BOIEMBICHBEL TVWBEY . > T, FE2ETHAC
HLIZEDIT, Iy MBI HBREICHEET 5 BEFIIREAMHK 3 EIT Tscl BT &
wil BT, Rk 4 BiZ vl BT & c-Met Bz T2, £LU T, MK 10 HFIC
Tsc2 BizT & “Nihon 7w b ORHERBETFVRET S I ENbMN -7k,
2) “Nihon I N’ TD 5w b Bhd FEO Y OEMEMINE R K UERE TD LOH
NCBI (200247 A 21 HIZE#H INZ) OTY M ) AT —IRN—AEKREKTS
ZEITEHo T, 2DD BAC 70—, CH230-13G20 & CH230-61A17 2’ b /<X
A Bhd BI&T® cDNA EF| MR ZRT 2R L. £~ BHD Bz DT
DI SMEIZY 13 ETOEMLZEFEFAZRELZ (TF—FIIRL TV
We ) o ZNHTIw NBAC THEZINZ T Y VEFIEE FBXUY T X Bhd Ein
FI— REESO 5-BL) 3 HREOHAKEEZZERL T, 607513 —kY
K2 RT-PCR B LN 5-BLU3-RACE £ T T v b Bhd BT cDNA ZHIET %
IR ELE. 6D T514X—TF v & Bhd BIET cDNA DEBITRINL .
ST UABITTREINS 1 DDBMRT 2846 X7 LA F RRRE S NIz, TD
Sw - Bhd BETFIZS579 7 I ) BEREOBRTEY (T4 27VU2) 20—-F95%
EEZ50N. EM7%)V27 1) (GenBank accession no. NP659434) &X' A7+ )
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71) > (GenBank accession no. AAH25820) &FN 1 93% B L X 97% DAHFEIM: %
RUE(T—FIIRE T 5 v b Bhd BIETFPEY). GenBank accession no. AB096213)
FT—INR—ADRETTY b Bhd BETFIZ2DD SEKBEOI—RLAEWTIY Y R
#oN/z (Fig.2) « —4. E NBHD BEFTIE3I DOI—RLAWIY Y > NA
5527,

TO—TELTINSED cDNA ZHWE=HH 7oy bk, BEr> ho 8
IHHNSEHINELE (SLP) (b b7 ABFITIEA > hO 9 12— 3) %
FIAL7T J WPCREICEK ST, FERBEBE “Nihon T R (. 10 » Bih) »
SEE L EEOEEME (NRs) T Bhd BEFREOATOESHEONE (LOH)
AL (Fig.3) . 11 BIOFEFREE ( “Nihon 7y R 4#1) & NRs (1 DDJE
Bho/monc 7 DOBEME) ZRELRE. 11 HIOEET 10 #l&TTD NRs
T Bhd BIZTRFEIC LOH 2% 5Nz, EELHIZ, LOH 2R L7ZTRTA “Nihon
Iy R OERTUINVERELTWBZETH->= (Fig.3) .

LOH DA 5 N7 B EMIE & EH BRSNS RNA ZHIHL. 5 b Bhd &
BFREQTORBEZHNT L=, Bhd BETF 7 O—T2HWTEERBBMHAGTLD
DEER I FOXR—ZADONY RN/ = T7oy bEick->TRIBE -, BER
Bhd BIZT D mRNA I SN T Bhd B TFORBEBIZEFEHAKITELUL TV,
FLIU 72 & S O cDNA Wi 23 IE % (A% & BB B E M O /5 T RT-PCR iEIC XK D 1
BLz. CNSOWFZ—7 T2 AfENT 5 &, BEEEME) 5% 57/ cDNA
DI 3 D “C tract” NIC1 DD b (C) DEANRDD Z ENbMh-> 7=

(Fig.4A) . AR T LIVITASND 5D Ctract DRODICERT LIVIZIZ6D C
tract WALNT, COBADKEREL T, JLb—AT 7 MRAEL., BWEGTAR

(ORF) TV >3MDaR 17 THEIN., TR 26 D7 I /B TR OKIED
RZBIERIL, TOTFTHOT I JENRELTE, BRELTERERRE
®752F v N Bhd BIETES (7400270 20) KEEREAOKEEZRBLTVWSZ
L2725 (Fig.4h) . BEZEUCKEMEL D “Nihon 7 N IEMMBEREL T
ZDEAZEY ) I DNA BEFNCEEL TW (Fig.4B) . HAR T LIVITREMN S
<. LOH & 6Nmh->-EED 1 6 (Fig.3) Tid. ¥1 VLI b —U T2 AR
TR 209 (Glu TALwY) TEHORMKIEDFEERERS G756 TADE
iz (Go26T) M2V > 6 THHN (Fig.5) - > T. TV b Bhd BIEFD
MAEDTY LIVICREHAEDE T TH D, Knudson @ 2 b bERTdH 2 EEHIHI A F
ZALEZRTARERER ST

BkH B2 LI, v MIHASNEERE, 1 DOFREXZLAF RIIHBITS
1DDCHAIZ. E N BHD EBRHETH- EHZERBOOLNZERMTHB2" , &
BOM. DNARY AS—FORRAY v FITE/ X7 LA F R (tract) TER%Z
HRUBABNZZLAELTREBEN. T / LADNA DEDXL D BEE TIIEHEEICER
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MEZSHEERERS?Y . £~ BHD BETFOIYY > 11 TEHEELRT S C tract
27w b Bhd BILFREQTTHEKRICTVY 3 TR D, —HEBEA (CHEA)
NELC TV,

3) Hi7AU DU HERYNINZZR BHD BEHERHTERW,

RiZ, EESRB TV 22U (S b2V 13, BRIV 14) OHIIEF
VIVERERTF REREBTH5UHFHRIF) 2 Uik ERLE, 2L T, £
DHEKIITIAL > 70y MET Eker 7w b5 BEL 7= BB #MID. 1k9d(L)
OHIEYIZBNTKI 66 FOF I b ODEAKEZ~RL- (Fig.6B) ., ZOHF&EIT
Ty b7V COHER 64 FOYI N ERBETH S, MEBAYIC Lk9d(L) TH
S5NK 66 FOF)L k> OEHIT NR BEMBTIIBE I N2>~ (Fig.6B) .
NR HEMLIL LkOdL)DRIC L NIV TOERY LIVIZBWT, Bhd EEF mRNA %
FRELTNWSDT (Fig.6A) . ZOMBBRIIEHBOLRY LIVIZIEEER T+ U Y
J2ZEALBNWIEZRL TN, I5I2, NEBBI RO AoERL -RER
EMDIKME BN o7z, LLEDFERMNS two-hit AHNZZALTED 7+ 271 HkE
DKM “Nihon 7w b ICBI2ERBEOEELRE 1B THEHESZ 5.

EZESIIMEF ) 7T —ORETHE 14 HIBWTHEZAKOZRZRIBL
T2 ENRN, TNRERERFREEGARTEIRENORMICEIET BHZEEZ2EKL T
tA%ZO) .

BHD JEfZ#£IZ. Birt. Hogg. Dubé IZ& > T 1977 EICRYICEEE#H I N~E2Y . £
AOERE, FEESIVEAKKWERMET S, BF. £ N BHD BET?" OF
HiX BHD BEDEBEERD AN XL ZEBETEDICEERRYDAT Y T TH
5, LML, BHD BIEFEY (71271 2) OBERIIMHAIN TR, Z0D
WX EERL L TWARIC, 1 X TESEIMERIE & &S &R ERMEE (RCND) Z4
C%EEHTA X BHD B FREOQOVDRES Nz, TDA X BHD B+ Tida
R 255 TRWREEDASNBEAF P NS T IINFoARRLEI AR R
BEMECTNWS, LML, 1 XBEE (FERERE TdthRey MER
H LOH HIEINTWARWNY

EHSIIBEE “Nihon 7v §' ORBR (BEEOREB) OHHANIRETD 50
EIMNEHNDD-DICHER Bhd BT THELZNS ATz =v 7 “Nihon
Ty N OfFE#EERHATNS, TOMIATZT=v 7 “Nihon 7v h ZHWE
EERBRICED. “Nihon Tv kBT 2 BEEFEIE DK KELT ORFEDNAIRE &
&S,

3—4 NG

“Nihon v b OBEBEFOT Y EZICEIEHKHE. “Nihon 7v K IZHW
T—HEFEAZEKET S BHD BiEF (v FRAAK 10 F. & MREMK 17 BE K
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11.2) OHEFEMRICERZRM Lz, —HEBAOKSR, 7L —LA> 7 NERENAE
C. Fifi26 7 JEETHRIEO R Z4ET, K¥EDT I JBENAKRIBT S, /. KT
ZREBEGHKITIT Y MRIBMOBRICBIET A Z 2R L, BHIIE (11 #1910
#l) IZ BHD BIZT T LOH (NTO#SADINE) NERICED., 512 L0H 23
DENOTZ1FICBNTHRER (FUvAZLR) 2%RL. Knudson D2 b v
NERDBISHER S Nz P65 Ty “Nihon 7w b IZBEFREICEE®EL. & N BHD
EBEHOBMET I ERLDFROVANGEBETFEL TERRETIVEEZ NS,

EDZEMNS, “Nihon T b 13 BHD B FHREB L OEBREA N =LA
T HDICERRBRERETINTHDEEZI NS,
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B4E “Nihon v N OHRAR$

4—1 RICBIZ

Z# 5L "Nihon 7v N DFRBELETFZRIETBEDORIDAT Y FE LT,
FB2EIIBVWTIYVEZY (Tv 10 BRAK) ITRHL2Y . 2L T, B3I EIC
BWTHKREBRLRTFZHBEL. “Nihon 7 N 2t b BHD EBED T v hHREDOY
THDIEZRHMLE?Y . —H, Eker v MIEICHRRELSIZ, b MEEiH
BELIE (Tsc2) DT MREOT THBN, HBEOXREIIBEOS (b MMEEitE
BEALIE X BRI E I EFHEETH S, ) THY. Eker 7 v b T 2 FEIELE
RILHLMBOMENE,. FEICFEHEDIOEEHARE. 755 NS TFEEES
MERIZALGND'Y . £z, &L, b MEEERELE S HBOEBRE & U TR
EHbHEINTNSESD,

AETIE, Eker 7w FTERBLAZLDSIZ. “Nihon Tv b Z2EHBR TS &
IZ&D, BEETOE  BHD EREEE DHFET AR TH BN DKL, H
50, & b BHD JERH TA L NS EEE LN OEAOBBRES X NERKBED
WEMBENENEDIMIZDONT, 5T, “Nihon v b TIIEEUSMIHEAE
TERENFET 5ONENZHARTHHMT, “Nihon v F” O natural history
EREMBRFRNICEELE, AEICBNTIE, Iy hOFNTH S 2EMETFEL
TEBLEZN., AXPITHIEELZLDIT “Nihon 7 M 131 EENSET
H B WISBFEIAGI N A S NED =720, UHIOFEEZLEEL. 55 (F3R) BXLU68
(F2 1) A T2eplEmL 7z,

4—2 MHRBLUHHE

B¥IE “Nihon 7 v b ORHKRE (ANTFOEEERL. BILUANTOESHEXIE
HWHREEAK) InBonz R RBEIUE T, # 118 #l. i 110 HlOEEF 228
Fl (RBRBET) %5 - #FL T3 “Nihon 7v b OS5 BEERFD “Nihon T v
R 103 BB X OER T v b 49 il (Wild type) (RBRFEID) THS (Table 1) .
BTIREE 21~25C. 1R 45~65%. HAIEEK 20 [BI/RERHEICERE S Nz iF > ti¥E
DEYET. 7IA MEr—JICElINCONAE L TERBSFE Lz, EIXHROE
RIS RL (CR-LPF. AU LY )VEERTEMK) Z2. SREVKIIRHETTKEKZZER
MERE L CHHEBRI 2., BEBIUOBEHRUSF 202D T, Fl
BO%, 25EEE 10% PHEERILYY JRICEEL 2. BE®. B> T
B, 7986, O, KBHIR. FFBE. BB, A6, B, B, =65 =25 BB §
B, WERE. AR, PEBE. BRRIREY ONE. BEbE. KRR, BIEF. FEE. BURER LK
IME. G, Al B, T, ORBE. BE LA AR BE IR, 7E. B
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foE/MaEate, KEEE/ KRS EH. SK5. LEWHE. HE. 4B, B, N—%

—RRICDONWTYIDHL., NT 70 @8, HE REZH L TRERICEZRL -,
FEIHEDAHASNT=—HDFICDONTIZPAS BL I O1 RELEE . LIEIC

RAEDH SNz —ERDOHNT DT PAS ez i L THEEMICER L /-,

4—3 MR
1) FEEORE
“Nihon 7 v " ICBF 2 EEBEORKIEIL. WIEKICREHEL DM 2 F &
REICRD, HEEEBDICBERAD I A PBLOEHINHRTE, 0%, £%F
FIEERBITDE, DAMDBROBRELBRVAREROAMG) S EABOLETNER
SNDLDITED, SHITHEBNEDE, KEREARBE/EE S ANEZEL, &
AT RS EZ KL = (Fig.1) .

EBREIICBWT107 Al (421880 25T H 5 NITEEHEMNA S Nh
DK 1 FERZBA T 5 (68 HER) 1213 38 £ (16.7%) ML= L7z, £ ZT. “Nihon
v R BEUYEET v b (Wild type) DF—Elh DG Z LT 57-9D12, 55
BELU 68 Al Dl A TRFI & LEIE - FRUH L THBRL /=,

e & % WITBEFE BN O HIRRIT BN T, 38 Bl 37 BB ORENHA SN T=,
ZN5 37 6L, WINDBEEUNDEERREEZRDBRNI ENG, BREINER &
EZ60NT. KO 1T TEEREENASN., £z, BEORESBRNI ENG,
FERII T EEBERETHO., EET v b (Wildtype) EEZX SNz, HETCHDBEDE
TR DFEAE (T 226 Bl 141 B (HE:69 B, M : 74 B) ITAH SN, A FTIVOERINC
FE—B L= FAEERERLZ (Table 2) .

2) EEREOHRE

5518 EFERICEES ORI, clear (B MEHIRIEE D 75%) /acidophilic cell type
& basophilic T papillary 7% type (& b OEHIIIE DK 15%) ITHRETE, T OMM
RS, BRRME. REGARK. RE. BN ESEBRENSFEERREZRL THS
Nz,

clear /acidophilic cell type Tld. REEAMHEOMILE &/ NEOMBEZE © - 2B
clear cell & iFEEME DERRDIR DMIRE & /N DB % $ - /= acidophilic cell D2 2 IRHHE
MEHGRTH D, TD%. clear cell type. acidophilic cell type & B IZHEHNETNTD
N, BEGBER. IRE, REAEZEROREREEEEZRLUZ (Figs.2, 3) . £/,
LiIZLIE, M1 7HNEA L7z mixed type HASNT, WITNHFREMITHEEL T
W< & Z 577, clear/acidophilic cell type DEEIRIZH A > TWIRNANEN KME 7
50BTHBLALEND T EMNDS distal tubule EFZ S5NE3Y

HHUEDDH A 7 TH 5 basophilic/papillary/type 1. FIHITIX AT v 7 7a A
YD RIRME & L TH S, clear/acidophilic cell type & [FlEk I B MR ANED & FLEERK
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(CHTE L 72 BB & T2 0 | IRIE, BRI & 2 BB 7 R B2 A R L T W= (Fig. 4) .
basophilic T papillary 7% type DFIRIIAHATH 25, BEEZTO T v NEEE D)
NOIEMRMENEZ 553,

WA 7T EDITEILT DEL2ERGEERLE FoaY1 MEOHIER, > 25
4 VIR U728, B, Hiift (N b2 2%) | GRS  (Fig.5) .

3) BEIUNOHBRENEL

TNENDOFEZRZ Table 3 ITRT.

a) BEANORFER

B O RRE R 2R BT clear/acidophilic T solid 73 type & basophilic T papillary
73 type I\ RS 15D, clear/acidophilic T solid 72 type {2350 T D A B NI B &
FRB SNz, TDOFEERIT 42/141 (29.8%) LEETH oz, BHROMBLIT.
EARICEL THEBORRSA SN, BFMEAEEZE> THE 0N, EH
ZREVESHBICHENSIDBOETHRLATH D, KRELBRROLEBSY TITEEEE
kL. BHMiRZZD52b0H 507 (Fig.6) .

b) LERE

KBELICBNT, LRBICHKIAL L 2 0B OEFEN S I3\ ENA 5N

(Figs.TA,TB) . ZORAREICELADLE & PREENICBEMRICEED 5N, E%
D EDTEFIIAHAB TH > /2. WEZBRT ZMEOKITAR T, HAICIZIHKE
BEMEZ RS, MREIIRER TERRICKT TEREEERLE, ZOKITE
MILE X PAS REAT—HBEICRES ZENS T Y a-F VBRI ZHEZL TS E
EZoNTz. U, VEDEIRKR (spidercell) ZRIMilESHASNL (Fig.TB) .

ZDEXDRBREAEIL E S OFRETERELIE TH 5N 5.0 ORERUTHE B L T
W5, DIBROMBEERFRFNICEHRLZEZ A, BKRD D Z EI1T4E 30 B FOR
HZHD “Nihon v h ICOHAIT 15103 (15%) A5/ (Table 4)

c) FERE

FETERTENEKLEEBXOFEREEO—EBICEER & Rk ORI E 2322 fik
T/INEIOMEEEN S5 /ifanA 5N/ (Fig.7C. £ FEME, FIMBREEZ S
n5., ) . TORERII 2072 (27.8%) L@EERTHo k. TOR, TENBELERS
ST ER ERICRROKFETEEBILL ZEBEEK (clear cell BERK) ~\ EHED
EEZ 5N,

COBERFLIIERLIZTE. HENIETERENBER K (cystic endometrial
hyperplasia) 2R3 THEICHASNL, TLUT, 1 FITHREICRE LZZIRIE (clear cell
adenoma & 2M1) NA SN (Figs.TD,TE) . T35 D clear cell i& PAS Hf4 T—E
HERDRICEEME. OO RE&ICBREEZRITZENS, ZJUI-F 2 EEX SN,
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d) EERRKRZE
HERAR (58 MR ORI LR D22kt (clear cell 1£) 78 17/141 (12.1%) I
AN/ (Fig.TF) .

4—4 NG

AFEIX “Nihon T v b ICEELS OIEBIEREOEE, X512 “Nihon 7w M
FrA DWRAZ BT 72DIT “Nihon 7w 8 Z2EHFHE L., HEMAGENICKRITL
il

ZTOFER.  “Nihon T v N 1ZB1) 2 BHE O FAE 13058 EARLF 10 2 BIRME H
5. RELEEAR. IRE. BIENEZERERIGERL TW ZERHLMER> T (B
ZEER 100%) o B OMMEBRIIE | ETHRARZ L 51T, FIT solid T clear/acidophilic
cell type & papillary C basophilic cell type 3% 5317z, BEEELASMTIE “Nihon v K
RELEZASNDTERNIED clear cell @R/ IRIE. Z#EFIC 3BT 5 O AR E,
SHICEBENORMMERER. EIUTERIR ORI LK D clear cell {t %389
es

FTEABEIIE MR AEHES THo L E<RBOSNIEHREETHD., DK
BII T = NEIREE (clear cell carcinoma) DRIEFZEDAJREMEHE 2 5. M “Nihon
Ty N ZEEFAEFTTSHIEICLD. BREANOREZHSNITILEND S,

DS OEZB LI ORERICONWTIESEbMh> T, B TR, O
KU IS UV USRS BB L ICRERE L TR SNE M. T ORI EIXE R
BT 53530 0 ZOLHBEUHEIILIELIET Y EBILEY R3T3Y ToO®mEMN
HO, TN X0 BIUEY THEINTWSN, Ty b TO®GFARNY,
“Nihon 7w K" ICRHEDRELEA SN, SERFMGBRIFANLETH A S,

BRANOERIMBEERIIENTHD., TOENRAITZ X LIZTDMN> TWRIN3
40 EENOBERICETAANZZALDHAEL T, WS DODNERNH D ; E
ECRBEMROECBERL. BEEMRESOBEE, H5WELIRTITFEL
LF > HBEVIARIENS DBILEDRFENH ST, —FH, EESOHZNED,
Fw MIBIT5ERREEBHZENOBLEILFAOATHS*Y . BEEND
BRICET AN AL ZMAT ST, SSRIBADBETHA D,

INSDOFRBIEISD R Ty hEED., Ty hTOHREIXEN. HHEIVITREED
ZTHD. “Nihon 7y b IHFEDORELEZ SNz, > T, TNH5DRE
i3“Nihon BEF " OERITHNW. HHVWIEEEL TR SN EEZ 515, “Nihon
v KN OFKEEEZTFIZE FO BHD EEHDO Ty hHREOTTH S Z ENREIN
7=7%. b - BHD EEHTIIEBAOBRE,. BEESIVCERTMWERHMLET WL
EAEL B2 29 | KEBROEREMNSIE. “Nihon 7 v b & DIEDORBERIIEE
DHTH oIz,
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LAEDZ EMS “Nihon 7w b idk ~ BHD FERED S v N EFILTH . BHD
TEREHOEEBERIED D FHBICE DOV NEEBO T EIEEEOBEERETILEL
TRESHMI S ELHFFINSD, I5IT “Nihon 7y N ICHBEDRLETHBFE
WD clear cell B EL, FRAE & HERR AR DFRIREL R _E & D clear cell 6. DD LG
AU, 725 NTERNBER E NS R AT AEICOERTH D EEZD
ns,
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Fig. 1 Gross appearance of the Nihon rat

(A) Scattered cysts on the surface of the kidneys at 13 weeks of age.
(B) Multiple cysts and nodules at 26 weeks of age.
(C) Large masses and cysts at 49 weeks of age.
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A i

(solid, clear cell type)

iy 2
Fig. 2 Histology of the Nihon rat
(A)Atypical tubule. HE stain x160. (B) The transverse section of the
collecting duct was partly lined by clear cells. HE stain x 160.
(C) Atypical hyperplasia. HE stain x20. (D) Adenoma. HE stain x 38.
(E) Carcinoma. HE stain x 6. (F)Carcinoma (at the higher
magnification). HE stain x 280.




Fig. 3 Histology of the Nihon rat

(solid, acidophilic cell type & mixed cell type)

(A) Acidophilic cell adenoma. HE stain x10. (B) Adenoma (at the
higher magnification). HE stain x 320.

(C) Atypical tubule of mixed cell type. HE stain x190.

(D) Mixed cell adenoma .HE stain x20.
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Fig. 4 Histology of the Nihon rat (papillary type)
(A)Atypical tubule. HE stain x160. (B) Basophilic papillary adenoma.
HE stain x20. (C) Basophilic papillary carcinoma. HE stain x 20.

(D) Basophilic papillary carcinoma (at the higher magnification).

HE stain x 100. (E) Mixed papillary carcinoma. HE stain x100.
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Fig. 5 Histology of the Nihon rat (malignancy)
(A)Oncocytic carcinoma. HE stain x100. (B) Oncocytic carcinom
(at the higher magnification). HE stain x225.

(C) Focal hemorrhage in carcinoma. HE stain x 55.
(D) Note the marked cellular and nuclear pleomorphism. HE stain x 125.
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Fig. 6 Heterotopic ossification in a clear/acidophilic cell RCC
(A)Multiple ossifications. HE stain x 40. (B) Ossification (at the higher
magnification). HE stain x150. (C) Heterotopic ossification were immature with
osteoblasts surrounding irregularly deposited osteoid. HE stain x 330.

(D) Mature massive bone with bone narrow elements. HE stain x 60.
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Fig. 7 Extra-renal primary lesions in the Nihon rat
(A) & (B) Cardiac rhabdomyoma. HE stain x100(A) , x220(B).
(C) , (D) & (E) Clear cell hyperplasia/adenoma of the endometrium.
HE stain x210(C), x19(D), x260(E).
(F) Clear cell change of the epithelium of striated portions of sali
o 7y p of salivary gland.
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b MBI (Renal cell carcinoma) 13, BFICRATAEREEEOF TH-ED
%<, K90%ZEDTHBD, IRTOEDK2 %% 5D, £/=, KEICBWTII.
BICKDHCOFERELT7TEHICEL, RACBIZEMBEED 3 %2 5D T
5%, INETIK, E FVOBBORIELERICBEST5EETFELT, VHL  (von
Hippel-Lindau/#%) BT c-Met & T . FH (fumarate hydratase) & 1% 1. TscI(Tuberous
sclerosis) BIETRTsc 2B TNHSMNIINTH D, BIEORIE A B = X L DFRHA
CEETREREOMAMTDNTNSY , ZOMEICIEZT Y NEDKRBET IV &
RAWEHFENRARRIRTHBHD, BEEFTOEIATROEBRRIE T v bETIVIZ.
19544E / )V = — DEkerlC K> TR I N/EkerT7 v NOATH D, ISR DHEE
ETINEYMORBENRENDEZATHH T2,

ZH 5 IFEERBODICHE L T /zSprague-Dawley (SD) % T v FOHICE
BEEARETAHOZBARHEL. COBEBNERETHS 2R L. “Nihon
v R L@ l, ISICEEREORRERFICOWTERTFEWMENHRZIT
o ¥ A

“NihonZ v " OFERIZ. Fl—OHESGN SHWA L 727~ 16 OEESDR T v
R EED34351H15F1ICRBD SN DRI TH 50, £ D%, Fl—DFHES N S i 2
BIOTCH Z G T RKHARE 2R OMERN TEHE - KX ZHE L 72, %hE -
RECDORRAEN S “NihonT v 8 1&. EkerT v b ERIERIC A > FIVOERNICHE - 7= B
—BETOERRICI 2 REAELEECERZ L 2BEHFREETINTHS c‘_’_%i
537z, “NihonZ v b’ BEXUEkerT v ~ OBEEOMMEIR % th&: L /=855 . Eker
F v N TIIWIERICHABREEIZ8 » AT ETRDSNT. fﬂ%%ﬁ‘]k 134
%K 2 ANSAERIRME (phenotypically altered renal tubules) 3B LIGD, Z D
95 B I IRE HEE % 7R J tubular type & FrAI7SHEE 2 D < 578V compact typell 731 5
N, 20200541 TOERRMENBERIFEEEZE OERIC/R2'Y . TOMIE
BEEI. £ <Ii3RIF8 (bruch border) % HDIEHFIRME EDOBITRNALNS T &
M5, BEEOKSSMNEMEMERKEEZSNTVSY , —F, “NihonZ v K~
3. WIEAIC 6 BIRICITEREICI A M 2RO, MlERIEERIRE 13 4 7
S5RDHN. BEBIUVREANELETLTVWE, 5T, Eker7 v MTidA 5N
WS (clear cell type) MENLICEIZR S NS E WD KA EkerT v b EITRE S
KM THolz. £z, E NBEEOREBETEL TRE SN TWSTscl, Tsc2. VHL
BEFBIUcMetBETFOEGHFITIICBWTHERIIRBER AN o722,

ZDEDIT “NihonT v b 13EkerT v b EIXRRHRBEH (%iﬂ‘#%%i'@%ﬂ%
BoiE) ZrL. Eker7 v FOREEBELRF THASTs2B LR TFERENRHERNWT

IS, FHOBBETIN Iy FTHH I ENB RN,

ZZT. “Nihon 7v N ORKELRTERET S0 OB ETFEMFEOMKE
LT. BUICBEORREMERT WNihon Bl Fimfllk. ) ZHRETHD
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WIBHDORLRE Ty hZANWT. Y1170 551 b DNAXY—hH—2Z2HWN
7z PCR 1EIT & % HgHRAT 2 FE i L 7=,

TOFER, “NihonT v b OFEELETIZT v b REE10% Dinterleukin-3 (IL3) B
a7 (& bRaKRsERER23—31) (x°=93.6. Ov RE=25.16) . lethal (2) giant larvae
(Ligl 1) BT (b bRBEI7EER11.2) (x°=109.0. Ov RE=31.56) . B&
U'myosin heavy chain, embryonic skeletal muscle (MYHSE)iB1&F (b bREAK17HE &K
13.1) (x°=90.6. Ov RfiE=23.87) ORIC~Yy &N, TNENDIEEEIZ4.4cM.
0.9cMBLUN5.3cMZRL. T MREEI10ZFDEMEICALEL .. IL3BIRT ELIgl 1
BEFOMICHEL TWA I ENDbMh>/, AL, “NihonT v N OFKERL T
bt FREEKSEDN, 17BICEETH2NEIARHATH- 22,

Ny ESTIEIERE, REBKMMOERERS > a V- yo0—=22F (L@
FIEFELTHRR) BICXDREEREBORE. S 5ICKE L RAARERICHT
%, BROBENBFEEREEETFO—DEEZSNS B REO VEIEF OB
EERDENEERML /2.

Xy EXT3IN/ “Nihon 7y N OFKBREFORIET 2 REAHK 10 B OHHFHE
i3, SUATI3REA11 BT E FTREBEAHRSHF. 1H. 17 BITHSEL TWz,
T OEBOELFITBIT B LRMEDORT T, QIDCE9 BIEF & COPS3 BIZFTOAM
AHZRETROENZ, £ LT, DWIZ germ-line mutation Z FH L7z, “Nihon T
v b OREEREFIIE MREAEK 17 FER 11.2 OFRICHFET S BHD B 7D T
v hREOT ThHol. TOERII—HEREFEAZIER LT 5 BHD BinT O 4L farihe
KERZRHE L, —HEBAOKE. 7V —LT 7 NERNEL, TH267 X/
B THIEO R ZEL, KEDTI JENREBL TV, £, BMEE 144
10 ) 12 BHD 5 F T LOH (NT O#GHDIHEK) NERICED. S 5ICLOH Z
EDOENPSTE1HAICBNWTHRER (FoEAZER) ZF A L. Knudson D2 b
v NROBEIS R I N, WMo T, “Nihon 7w b IIEFHEICEEEL, £
BHD SEREEOEBMET I ERDHRONAMEBLTELTERRBRETIVEER
b,

B#%IC “Nihon 7 v ' [CEEUANAOBEBHREDOHAE, 51T “Nihon 7 v
A DKL %ERHETZ0IZ “Nihon 7 8 Z2RHFAE L. WEMEMERICERFL
e

ZO4EE, “Nihon 7 N ICBIT2EEOREIEZRRMEN S, RALBFE K.
BE, A E SEEIICERL TW ZEMNHENERS T BB 100%) .
X% (D #8515 13, 1T solid T clear/acidophilic cell type & papillary T basophilic cell type
ML B5N. BN “Nihon 7 v M B EEZSNSTERNEED clear cell
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Pathological and Molecular Biological Studies on a Novel Inherited
Nihon Rat Model of Renal Cell Carcinoma

-Kazuo Okimoto-

Background

An adult onset malignancy arising from the epithelial cells of the renal
nephron is almost renal cell carcinoma (RCC).  RCC accounts for 2 % of all
cancers. RCC is the sixth leading cause of cancer deaths in the United
States and accounts for 3 % of adult malignancies. @ To data, kidney
cancer-related genes were identified by positional cloning and candidate gene
approach: von Hipel-Lindau disease (VHL gene), papillary renal cell
carcinoma (MET protooncogene), the Krebs cycle enzyme fumarate hydratase
(FH gene), tuberous sclerosis (7.SCI and TSC2 gene).

To search for renal carcinogenesis and gene therapy, research by the
animal model is required. Until recently, the hereditary renal carcinoma
model was only the Eker rat, which was first described in the rat by Eker in
1954 in Oslo. The Eker rat model of hereditary renal carcinoma was the
first example of a Mendelian dominantly inherited predisposition to a specific
cancer in an experimental model, and has been contributing to the elucidation
of renal carcinogenesis. Recently, the author and collaborators found a
second hereditary RCC model in the Sprague-Dawley (SD) rat, in Japan in
2000. The author and collaborators have named this novel RC model the
Nihon rat and performed the gene biological study.

First, the author and collaborators described the origin, transmission
mode, and phenotypic and molecular features of Nihon rat in this study.
Next, the author and collaborators performed a genetic linkage analysis to the
Nihon mutation, as a first step toward its identification and narrowed the
Nihon locus to a region of the rat chromosome 10 homologous with human
chromosome 17p11.2, and the author and collaborators identified a rat BHD
homologue, mutations in which predispose to the renal cancer phenotype in
the Nihon rat. Finally, the natural history in the Nihon rat was conducted to
characterize RCC and extra-renal lesions histologically, and the author
discussed a valuable experimental tool for functional studies related to renal
carcinogenesis.
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Chapter 1.
“Nihon rat” Model of a Mendelian Inherited
Renal Cell Carcinoma

Bilateral, multicentric renal tubule tumors were found in a rat colony of
the Sprague-Dawley strain.  The renal tubule tumors were found in 15 out
of 343 rats during 5 toxicity studies during the safety evaluation. These rats
had all obtained from the same supplier, and the age of the rats ranged from 7
to 16 weeks at termination of the treatment period in each of the studies.
After then, the supplier kindly provided 2 female founder rats and a carrier
female rat was used in mating with a normal male SD rat. ~ From the mating
and pedigree, this animal model is an example of a Mendelian dominantly
inherited predisposition for development RCC, and named the “Nihon rat”.
Until recently, the hereditary renal carcinoma model was only the Eker rat,
which was first described in the rat by Eker in 1954 in Oslo. In 1995, Hino
and others isolated and identified a germ line mutation in the rat homologous
to the human tuberous sclerosis gene (7SC2).  When the characteristic
features of phenotype and genotype of the Nihon rat and the Eker rat is
compared, the Nihon rat characteristically shows clear cell type RCs
histologically, whereas the Eker rat dose not develop clear cell type RCs.
The heterozygous Nihon rat typically develops RCs through multiple stages
from early preneoplastic lesions (e.g., altered renal tubules and atypical
hyperplasia) to carcinoma, and occurs at an early stage rather than those of the
Eker rat. Besides, Southern blot, northern blot and SSCP analyses have not
revealed any change in the Tsc1, Tsc2, VHL, and c-Met genes.

In conclusion, the Nihon rat appears to be a novel hereditary renal cell
carcinoma model, phenotypically distinct from the Eker rat, and with no
mutation in the Tsc2 gene.

Chapter 2.
Chromosomal Mapping of the Predisposing Gene,

“Nihon gene”, in the Nihon rat

The author performed a genetic linkage analysis of the Nihon rat using
113 backcross animals, as a first step toward its identification. Rat DNA
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markers (“MAP PAIRS”), covering whole rat chromosomes, were purchased
from Research Genetics, Inc. First, the author checked 121 DNA markers
covering rat chromosomes, then the author chose DNA markers clearly
showing polymorphism between Nihon (SD) and BN strains and started to
screen. One marker (D10Rat27) showed the smallest recombination fraction
among DNA markers. Therefore, the author focused and narrowed the Nihon
locus to the rat chromosome 10.

In conclusion, the predisposing inherited gene in the Nihon rat was
mapped to the rat chromosome 10 between interleukin—3 (IL3) (human
5q23-31) and lethal (2) giant larvae (LLGLI) (human 17p11.2)/myosin heavy
chain, embryonic skeletal muscle (MYHSE)(human 17p13.1) loci, away from
4.4 centimorgans (cM) distal and 0.9 cM/5.3 cM proximal, respectively.

Chapter 3.
Isolation of the Predisposing Gene, “Nihon gene”,
in the Nihon rat

The predisposing inherited gene in the Nihon rat was mapped to rat
chromosome 10 between I/3 (human 5q23-31) and Llgll (human
17p11.2)/Myhse (human 17p13.1) loci, 4.4 centimorgans (cM) distal and 0.9
cM/5.3 cM proximal, respectively. At this time, the author did not know the
human chromosome to which it corresponded (e.g., human chromosome 5 or
17) and the predisposing gene associated with renal cancer had not located in
this locus.

However, it was noted that the predisposing gene of the Birt-Hogg-Dubé
(BHD) syndrome associated with renal cancer had been mapped to human
chromosome 17p11.2 or 17p12-q11.2.

In this chapter, the author narrowed the Nihon locus to a region of the rat
chromosome 10 homologous with human chromosome 17p11.2, and the
author identified a rat BHD homologous, mutations in which predispose to the
renal cancer phenotype in the Nihon rat.

From the result, complete concordance of segregation between putative rat
BHD homologue (Bhd) and renal phenotype of the Nihon rat was found.
Thus, rat Bhd was localized on rat chromosome 10 and tightly linked to the
causative gene of the Nihon rat. In addition, the author described a germ-line
mutation in Birt-Hogg-Dubé (Bhd) (human 17p11.2) caused by the insertion of
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a single nucleotide in the Nihon rat, resulting in a frame shift and producing a
stop codon 26 amino acids downstream. The resulting mutant protein is
lacking the vast majority of the normal rat Bhd (folliculin) sequence. The
author found that the homozygous mutants condition was lethal at an early
stage of fetal life in the rat. The author detected a high frequency of loss of
heterozygosity (LOH) in primary RCs (10/11) at the Bhd locus and found a
point mutation (nonsense) in one LOH-negative case.

As mentioned above, the author identified a rat BHD homologue, “Nihon
gene”. These results indicate that the loss of folliculin function by a
Knudson “two-hit” mechanism is a critical step for renal carcinogenesis in the
Nihon rat.

Chapter 4.
The Natural History of the Nihon rat

This chapter was conducted to characterize extra-renal lesions of the
Nihon rat, and to compare the phenotypes with those in the human BHD
syndrome, histopathologically.

The heterozygous Nihon rat typically develops RCC through multiple
stages from early preneoplastic lesions (e.g., altered renal tubules and atypical
hyperplasia) to carcinoma, and penetrance for this Nihon gene was virtually
complete.  Histologically, the phenotype of RCs in the Nihon rats was clear
cell type predominant, the phenotype that is most common in humans. In
addition, the component showed clear/acidophilic cell and papillary basophilic
cell type.  Investigation of extra-renal primary lesions occurring in Nihon
rats revealed clear cell hyperplasia/adenoma of the endometrium, cardiac
rhabdomyomatosis at a young age, heterotopic ossification within renal cell
carcinoma, and clear cell change of the epithelium of striated portions of
salivary glands.  To the best of our knowledge, these lesions are extremely
uncommon lesions in Sprague-Dawley rats or other strains of rats and are thus
clearly identifiable with the Nihon familial syndrome. Human BHD
syndrome, originally described by Birt, Hogg and Dubé in 1977, is a rare
inherited autosomal genodermatosis characterized by benign tumors of the
hair follicle, and is associated with renal neoplasia, lung cysts, and
spontaneous pneumothorax. At this time, the author have not detected in
the Nihon rat skin tumor, lung cysts or spontaneous pneumothorax.
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Conclusion

The Nihon rat is a model of a Mendelian dominantly inherited
predisposition for development of RCs, which are predominantly of the clear
cell type, and develop from earlier preneoplastic lesions than the Eker rat.
The author performed a genetic linkage analysis of the Nihon rat using 113
backcross animals, and found that the Nihon mutation was tightly linked to
genes, which are located on the distal part of rat chromosome 10.  Finally,
the author identified a germ line mutation in the Birt-Hogg-Dubé gene (Bhd)
rat chromosome 10, human chromosome 17p11.2 caused by the insertion of a
single nucleotide in the rat gene sequence, resulting in a frame shift and
producing a stop codon 26 amino acids downstream.

Thus, the Nihon rat should be a valuable experimental tool for functional
studies related to renal carcinogenesis and a novel tumor suppressor gene BHD,
and the Nihon rat will contribute to search for renal carcinogenesis and gene
therapy.
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