DESCRI PTI ON  GENETI CALLY MODI FI ED ANI MAL AND USE
THEREOF Technical Field [0001] 5 The present
invention relates to a non-human manmal deficient in
the expression of the SLC-1 gene and an obesity

and/or type Il diabetes nodel non-human mammal that is
deficient in the expression of the SLC-1 gene. The
present invention also r MRRGIPLEON use of SLC 1

ant agoni zi NggRed+ RRRE
producti on. ¢ (ooég?l%ggé d?%%ﬁ%ﬁ&yﬂﬂﬁgﬂ?nvent ﬁEOF

CurFasthmigal pBiedd n- concentrating hornone (MCH) is
attrggbiqg wor | dwi de attention as the nost prom sing

t ar get 5 of anti-obesity drugs. MCH, a circular

Fepti de ThfydImeegnEninTRNdoncenlatas dp of nsoneuman mammal
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is remarkably localized in the |at fie
hy gtk abyRe i1 fdabares naselMIPRpistar wemmadutkats isr e

Pr Q8 t-egn i ﬂ?lt)ﬁe'wgﬁmpgsélrcﬁf B @ﬁ&?ﬁgfé—clrn‘g%ﬁezo The present

deficient in ene exhibite sed food

i ntidRenghen @rﬁémratlﬁéﬁs @ absochetdirde anhegphistiongy petion
R RhepkbiotBY; BRBERYED APrBalESH,E, Of increased food

i nt ake” and decreased energy consunption in mice wth
ovekB®®2kssion of the MCH gene, the invol venent of

MCH B2 k Q¥ Sl AR Y haneh ABRSILY Was 25 strongly
suggest éd. However, because mice having the MCH gene

t her eof FREHSHELHE e hatia -coneshrahing HefrheneniMGHN dhe
nelércesseﬂrsﬂge v%ldn%é opaRt+d8n Bl s 3{}% thst! Far InféMHgC Rarget

ar e encode on the sane 8ene as MCH, to c
HctifoAnbE- m-‘-’rltm Ary@s. n¥eBssargincylarepert e l@ﬁaﬂygré in

M GRedebh&dBMatriBnt H€ séﬁ%tﬁ@0?9§£gn€§1e&§ggt é£ggyihrehn1n

hunmans, there have been repor two ki nds of
r e¢Bft srLmon pituisapwat ot a'temﬁrkwlef recapised 1in SLhe- iateral

( Mzl y o@r\:d)es émau WHi il 18 Gaﬂﬁoﬁ&‘{-[br&glﬂﬂlv%d

receptors 35 homever in rodents oes
notnegiP%% a%Prsuec ed pigkly 13 heqbsadad. BogaUesshbee

jafdbhf§§bﬁﬁMlnkhﬁgsM@ﬁ gene exhibited decreased food intake and
emaciation, and alsc because the phenotype of obesity was
observed as a result of increased food intake and decreased
energy consumption in mice with overexpression of the MCH
gene, the involvement of MCH in overeating and obesity was

25 strongly suggésted. However, because mice having the MCH
gene thereof manipulated were concurrently deficient in the
neurcpeptide GE, neuropeptide EI and the like, which are
encoded on the same gene as MCH, to clarify the action of MCH,
it was necessary to create and analyze mice deficient in the

30 receptor thereof.
[0003]

In humans, there have been reported two kinds of MCH
receptors, i.e., somatostatin-like receptor 1: SLC-1 (MCHR1)
and SLT (MCHRZ), which are G protein coupled receptors

35 (GPCRs); however, in rodents, SLT does not exist, but SLC-1
1



receptors is observed mainly in the brain; in humans,
SLC-1, conpared with SLT, is reportedly expressed at

hi gher levels in the hypothal anus and at | ower |evels

in the cerebral 5 cortex, hippocanpus and the Iike.
Therefore, regarding the broad range of actions of

MCH, .such as eating, nenory repr oducti on, and

bel?é‘\}ﬁ’oﬁs ‘?}quesg%@gge%’tpéfﬁsﬁhg? @EG@%WBeklf}drﬁ/@lfved

i N RkbBgrs il dhatvSh TndM@) yoeni NS ed ;N 8BS, snc-1,
menory and the like. 10 [0004] To date,

SLEOFPAEEH Wil StifeelpaRRPFEEA1Yr e¥RTEFeFy 2h highasp levels
MarshtBt @pot(H2QRmRat A H0quFeRt 1 dye BNd nat HE OL-Bfral
Chen et al. (non-patent docunent 2), and have been

FefErted: ffﬂdv%a%rﬂsrlﬁ 1 [ierdtFpeF NEFeBBES, WAIgRELNg the

gain? oSHPPERES idHN adRod® JFOMrH] abubRsss QYR Aemory,
despite overeatlng Edue to increased ener g
C

coREBRPET O Thatndckehiaifites 1 ne? eﬁw%ﬁéngweo% 1 may be

NOV@RBIVedNth @a¢98H, CHNS WHALI OfT FAY HeiRBEeved & emotion,
doubl e deficient mce obtained by mating

SL&epogefIng &b Aike- and obesity/ di abet es nodel ob/ ob

M Cpodalgficient in leptin), 20 conpared with ob/ob

m ce, have been reported to be not different in terns

of body IRiGhHe, F%gdl j9ptdcéenbmigGifegye BofR HRSPRERD by a

bulyrbap exhirirshS BBPs ESSEHnRLEEN B dEQSRnt el PVad ANGroup of
decreased insulin | evels, decreased body fat,

i nEPEAseY HovdRERTPAEERE SCCEFERT bbldy FPEnparatkrss reported

r egul akh Ot 23 heNpRERSL elécesebé@ﬂr WARHR H8SA Ssupfressz.on and
%gggh atent docunent 3 [ Non- pat ent docunent

B0 g SPOLC P Qe PRUSE OFeAoA REL | Bt increased

Academyy 0fonsGkRReEss, tHﬁiAaeebﬁ an&d linofeaded s¥dntaneous
USA) , ?n% 2002, vol. El 3240- 3245 [ Non- pat ent

doE’B [2NEheAYITh ‘QDS&F“P ‘Eﬁdo@PFﬁBFB‘West‘he double

(Eadectidi mice( bStairdD2y Motind 4L c~defb8rdft! hice and
Bjursell, M et al Di_abet es,

No ocunent .3
%? gﬂzbb’éf a\%atesgsodepg opggb aaises [ SeLdrdent elbflephan) ,
bnueﬂpaﬁd Wikhobbesms rﬁlcteBehseé Viesk b epdet & e tdeORbt
é?gOS 21t is an og4ect of theipresent i nvention
o &l £REME Gl HoGHs et IRt c Py 9CBnipFlfGrg OF energy

Orgaﬁsﬁﬁﬁtﬂ@h,pbﬁﬁatéerHiﬁdt suppressed blood glucose
elevations, decreased insulin levels, decreased bedy fat,
increased movement, and altered body temperature regulation

25 in oral glﬁcose toclerance tests (non-patent doéﬁment 3}.
[Non-patent document 1] Marsh, D.J. et al., Proceedings
of the National Academy of Sciences, USA (Proc. Natl. Acad.
Sci. USA), (US), 2002, vol. 99, p. 3240-3245
[Non-patent document Zj Chen, Y. et al., Endocrinology
30 (Endocrinel.), (US), 2002, vol. 143, p. 2469-2477
[Non-patent document 3] Bjursell, M. et al., Diabetes,
(UsS), 2006, vol. 55, p. 725-733
[Disclosure of the Invention]
[Problems to Be Solved by the Invention]
35 {0005]



anal yzing animal s deficient in the expression of the
SLC-I| gene, and to provide a novel and effective
anti-obesity drug, s antidiabetic drug and the |ike by
reflecting the findings thus obtained in drug

di scovery research. [ Means of Solving the Problens]

00061 The present .inventors, wth t
gccorrpl i Shi ﬁi) an, Goj Rt QYj &L 85%%‘?‘?%&&”’58517%“ &G &dtiggdate

gL@h]e lfng@lémlx(tjs l(dfO)SLmEﬁm hawiing &f@anrgemepbgrpfemufn@n and
est e yetinte? snmenbrane region o

{ heTeang) B Ao BoE LrtPaindPy FER SHHE SBREROTS pae SLC-1

t hefeeef,. aAg &0 Eswlite 4 heW@ ﬁhdeefféﬁﬂm&éedntﬂ%dﬁbsity drug,
wi | d-type mce, exhibited glhracter S_suc

. 15
St Ed e P bto s U 8P e d 1 5PnRY ek ﬁﬁgm F‘ﬁeafslﬂdmgs

sertsidsl ¥bt¥ined Ml Hetgfd@tserblrysi@ssarnd accent uat ed

i pol ysis. FuthernEre &92 ptesent inventors

per fM5PREd°8 e RIS on the nice obt ai ned by
crogsbpg) the KO mce and KKAY mice, which are
obeS|ty/t%%e Il di abetes nodel

20 mce, apd, as a,. ..
resul t R SSRAF i”h"éerﬁoé&mwhﬁrﬂ dofeéditno Fe@%‘fo’r\pﬁlshmg
ﬁJLG:\hQat %ﬂjéﬁtlztd&dﬁlbﬁd ﬂwmsah rgdecw‘:é@ grie- IKKAYc b e . (KO) mice
Thi.s strongly suggests that -1 ant agoni,sts, ma e
of MR FeL IR TRASHEOF U 55 BEE FROPDAUCEPORETTE the 7
hgmsﬂfeﬁgraﬂfe@gﬁwn(@ﬂrﬂhec wbaké ysmi-sic @eahdf ?ﬂid tarpa yzed
obesity). 25 The presept inventors conduc urthe

e PhapotyRes HReEachn PReg e Ty nbes k8 i Pobaared
thaqmesema typeemiicap. exr(ﬂﬁ%h éﬁ@ﬁmﬁe"rglsylcs h€ich as
resent Qve tion EF?VIdeS t he

VWnﬁ'.SO$£%,Avit

o AR BT AAs S P FEF TS | ATPRES IR ASBOLER BImgATIEY,

SL(.‘snihlgeaefahad/eimgstbe fald aw::egtﬁineercadngbngkiss (1)

a | owner g d insulin |evel g se tole q&&; t est,

(2) " mer BxEdipmaety | the direeert: s onpare

r egihangpe t anxlyesist yn eMﬁ’l nﬂ&ehoghairaetd tyetrosaing 4heakKo

snaller [ Jat cel d 3 &?% accent a%
B PR B P e it SPh e e T aORBYRG o I Pybes model

ﬁaninrmzle,, afida afer reenlof fidwadbedyt titer Qﬂfasma adiponectin
level is elevated in the mice, compared with the KKAY mice.
This strongly suggests that SLC-1 antagonists may be
effective in promoting adiponectin preduction in humans with
obesity (particularly visceral'fat type obesity).

25 " The present inventors conducted further investigations
based on these findings, and developed the present invention.
[o007]

Accordingly, the present invention provides the

following:

30 [1) A non-human mammal deficient in the expression of the
8LC-1 gene, having the following characteristics:
(1) a lower blood insulin level in glucose tolerance test,
(2) increased insulin sensitivity,
(3) higher resistance to cbesity even on high fat diet,

35 {(4) a smaller white fat cell size, and
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[2] the animal according to [1] above, further having
the 5 followi ng characteristics: (i) accentuated
spont aneous novenent and oxygen consunption, (ii)
decreased body fat, and (iii) a decreased plasma

| eptin | evel conpared with the corresponding wld-type
animl, or a portion, of the body thereof; [3] the

an|HHIa&EEBFﬂ?HﬁjﬁdPPiysh%ove wherei n the non- human

Mangeparsdaw W S eOkorédondhgawp 0t i @ ehikhe, body
thereof %ﬁ] an obeS|t¥ and/or type Il di abet es model
bodiathfeeeticient in the expression

of me tSlgCailmne,,ccbaum@ td S1hepbed) GWirRGer having the

char cteristics: &1 el evat ed adi ponectin expression,

(2)- YKy BE SHEACTEE LAY gl ycemi a, (3) a | ower bl ood

gl ycioheweghobited eypehtadylhs (hreReseHilbe¥geRCESsumption,
tion 20 conpared with the correspondi ng obesity

consu
and%dgppﬁﬁée??ed(mogﬁeFEE Wl non- human mamal

wherigiin hhge EXdHRSS bOAsHH Idpe;mg@@eels normal , or a
portion of the body thereof; [5] the ani mal accordlng

t o §AP3360vELh LPF‘FhEPrh%F(HMlPHer%%TqY@ﬁ pgimal, or a

_mhq&ﬁﬁhahlsflﬁﬁb pday( theddtar;eased oxygen consunptlon
and a decreased bl ood caorticosterone |eve

conip?ar éﬁemﬁwatlhécear%%dwd. lhd 8B whsm}artli@y genrpuman

dl akaimas pedelmduee- Bbll’@rkaft&m| a\/\p@fﬁdm betRX @5 itBRrect;
SLC- %@ggne is nornal orti on_of the bod

the 42015‘“ 3Be3 Y ARd/aRi wEre aIEcE}iL?i}P‘h % GOPR] ApRyvEm n hamnal
vvhe:mjtn ikh@e iOTiehtMBN tHAREprebsidn MBRITHOBLA-T aieneqr having
ggvglo of the body thereof; [7] the ani nal
dFﬁgl?YﬁTQﬂChéﬁﬁ ESTIFTCSin the obesity and/ or
typ(el)l kidiabat %ﬁlﬁade&tﬂor@ﬂw&aslmmal is a KKAY
@ﬁ or.a (gortion theéﬁ thereof; 35 [8] a
pr otfot 8P1aye d?ﬁﬁﬁee bh’conpr|5|ng an SLC 1
4 arsyagopbsdr blloBH ﬁhﬁcc&gﬁiﬁglaﬁﬁﬁ)rﬁém tanfi8] above,
which is adn1 istered to g@tlent wi th netabolic
syndr oRESTR U eéir FB%E‘F%F&WS(‘:I PHi%ase acconpani ed by a
Dectomps edd aditronaet cdrt@dtRinding obesity and/or type II

diabetes model non-human mammal wherein the expression of the
gene 1s normal, or a portion of the body thereof;

[5] the animal according to [4] above, further having the
following characteristics:

25 (i).increased oxygen consumption, and
(ii) a decreased blood corticosterone level
compared with the corresponding obesity and/or type 1II
diabetes model non-human mammal wherein the expression of the
SLC-1 gene is normal, or a portion of the body thereof;

30 [6] the animal according to [4] above, wherein the non-human
mammal is a mouse or a rat, or a portion of the body thereof;
{7] the animal according to [6] above, wherein the obesity
and/or type II diabetes model non-human mammal is a KKAY
mouse, or a portion of the body thereof;

35 [B] a promoter of adiponectin production comprising an SLC-1
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s [10] a nmethod of pronoting adi ponectin production,
conprising antagonistically inhibiting SLCG-1; [11l] a
use of an SLC-1 antagoni st for producing a pronoter of
adi ponectin production. (Effect of the Invention] 10
[ 0008] Because the non-human manmal deficient in the
expression, of the SLC-1 gene of the present invention
exhiBi-EgoRfet Phenot ypes of accentuated |ipolysis,

smal lloar thatag&f lacsbZ&ingd NG Q@?egbé\’:lasu'w'hgcﬁe{@'atdm\ﬁlntl%tered
roved glucose 1s tol erance and the |ike,

usef et dAthngetakel icusrndemre ox 5E®41¢3F1\ﬁ1‘¢@10

By ﬁﬂ%éﬁ@evﬂddbmbﬁﬁlﬁ@Q%ﬁetd@@@éé&éﬁ‘ydi ghgétfﬁnkgvéf ce
can[ig}nade to be deficient in gene,

wher T HEe e SQCW%D%GSE@HOW‘:&@OEFQ@HC%@%n comprising

ant anobgsh 4t 46Uy alh @Ntidbabstie; drug can be 20
t est IL,HEL ed. Further nmore, according to the present
i nvé ofh usg ©f12an 3G BREFIPHL Yheort profiuditees pirowoter of

resaﬂtﬁom&tqml preNatiethn .adi ponect| n | evel; therefore,
SLC—% 1?nta ists_are useful in amelloratlngthe
redGBF &8P ptmERRGI9Ndont ent that 25 acconpani es
Vbscmcﬁda]f at accunul ation, which is thought to be an
i npor t ant ugst ream factor of netabolic syndrone.

[Brief DESEREREildIF Srrrhemer amgd] defooioait Al the 1]

(A) esproaiss ilohe o aEIgetIIRG 1V §EL O o 1SRG
m ce _deficient in the SLC—gl geone (-/??eg%ﬁp n%enﬁg

honBt® FEE oPRRTPRYPEA. OFrecqstsiakedf Linnd ysiie, 1sga.=h3eer fat

VvaSceIEFﬂmedlﬂ\bi:éhsIelale 1RASEMYEi 8% h§i’@§‘c %H@%@e&oglucose
es‘t; r@%ﬁ t he %mct i Qn t hereof. (B) shows

d
B pr e B0 e hehssiieke r gbhels iyFefhé Mcﬁlenq;ﬂatmsgothe

SLCEundrdmmsdef i snent ih- blto he Efﬁgtéﬁ%‘%%EhChﬁthé
mce. In the SL nouse

exprbeesssﬁ%é’ﬁdb?g‘tw Fogel BRTR Ct?é’sbﬁe’éhd? dst be FFfGilQ]t in

(A)thaehcms Ur gavidy GuieveByl e SLeGibbel -df 'HnC%LcI*ﬂe ntagonist
ani mal s vvege reared on an ordinary diet or a h il

di et® P8r 2151 VRS T grte e Ratdflahrtiq Bﬁrughms RRai |y
fooorksts fiisake per unit body wei ght neasured at 8

weeks OfFS%%%eéQy%e accordin ' i
, g to the present invention, SLC-1

deficiency in obesity/diabetes mice results in an elevated
adiponectin level; therefore, SLC-1 antagonists are useful in
ameliorating the reduction in adiponectin content that
accompanies visceral fat accumulation, which is thought to be
an important upstream factor of metabolic syndrome.

[Brief Description of the Drawings]

[co09]

[FIG. 1] (A) shows the targeting vector used to prepare
mice deficient in the SLC-1 gene (-/-) and the mode of
homologous recombination. The exon 2 of the SLC-1 gene was
replaced with the neomycin resistance gene to destroy the
function thereof. (B) shows the expression of the SLC-1 gene
in the whole brains of SLC-1 homo-deficient (-/-), hetero~
deficient (+/-), and wild (+/+) mice. In the SLC-1(-/-)
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data are shown as nean standard deviation. [FIG 3]
Shows spont aneous novenent (A) and oxygen consunption
(B) for SLCG-1(-/-) mce. The animals were reared on
an ordinary diet or a high fat diet from5 weeks of
age. io Spont aneous novenent is shown as nean

st andard iation for individuals at 12 weeks of age
( n=16} @beeﬁxPEGﬁ%%t?foﬁh@sSé%me@@ heanbeast dodar d

devi atl onnsfm;r 21 NQA Vi SHEsS gabwdrd d@vLi3 f@kagLCOfl (a%e) mice.

(n= %9% aﬁ\f ?#9 Shows a Iucose tol erance test
and ﬁet’é‘?%‘?‘?&i’n@é‘ gBserdigarvadienros ﬁSLhﬂllgh fat

r esdstanter tisstebls PRI Bhekaks tissye (
After |oading an gl‘%dl ?aBr)yrgémgts dgily food

ce.
hfgﬁni“%\% 2ﬂe€t UP LR e ghbf Meppined Bhe8 wemis of age. The
at w@mﬁa@noussssmrmrgegmd §591&£+ f) o, (-/-)

m ce wer ES for 20 hours, and the g ucose
tol erancerf ﬁ?"t""c?l éPﬁﬁE@ne%’ﬁ rnngame-rn: rdgi gnanmeygen

testOI\'l\iB.Bnptﬂeﬁf@BrrEﬂ)r Fe-dat 8 csho
standard deviation. [FIG @Sf—%hows I Y)ﬂl %H%QE‘]S were reared

SLCH (27 OFdipeey diilﬁ"s ad Pt cﬁﬁ‘\‘cedla?,lf@lpér Mgehstat age.

whi Seoradingeae xﬁwes:l&tf RSy AL dj
di e jgofro?ﬁS weeks of aée The daeizjtr gl@éﬁgi%f%%ﬁga &g@la}/tlon

nean JAAr R AtatRone ek of a&)]e Shol® gr @Mthﬁrcur ves
(A)ccmdzmgaubﬂ foag,hat agemeaﬁ %Ldgpodyde\@gaglgn (B),

Y .0 se and KK npuse groups

\NEI gIh TGRS Afa g &8 F%rw‘?ﬂ‘ﬁm@ékéw r UFHZZJ)\A/eeks of

age, and[fmpd 4]ntakes Wasy RSN @91@:_tan@e""%g§§ ) 9% an
The, u%ldat are shown as nmean standard devi at' on.

TFIG Y SV 3NCss S hafBlre f@Asak ofnkRAY measstamm KKst in
o Lbybrall GisuRs (Pl 68 LOLYCHSP AR Afler Hl3RTRy an
trloq,ld)icerld | evel plasma insulin le

pl asma ﬁ%ll%tﬁlfeé’ﬁ A T‘%%Ifa(tD)ﬂlebljé@?mﬂ @BEkA ¢%\ﬂge to the
(EpeekenodrHabiat FhifhbdacN GekeVghs (ﬂ@rfo&ln?ﬁmasmf -1 (+/+) or

none: terified fatgVt acid (NEFA) 6 leve
cor't gs]{”e‘f e Fe %thforaﬁa %Pla’éﬁma@étéhe Mdmel

20| yoleransmadusadin THel dain@edr §r SHOMN 13S JBAL:
standard deviation. [FIG 8] Body fat “percent ages ino- "as

KKRY™ H%eéi -aniPKKatE #56sEhewbrasdmgenubssterdard deviation.
nmeasur ed FIGheS MestsdW L MRBbSy¥es 6 aken af_ 1 fweekspafy oo

agSerﬁg¥%é%aE%1§&epégﬁﬁgll%glnsﬁgké adipose tissue from mice
reared on an ordinary diet from 5 weeks of age. The data are
25 shown as mean t+ standard deviation.

[FIG. 6] Shows growth curves (A) and daily food intake
per unit body weight (B) for KKAY mouse and KK mouse hybrid
groups. Body weights were measured for 16 weeks from 2 weeks
of age, and food intake was measured at 6 weeks of age. The

30 data are shown as mean + standard deviation.

[FIG. 7] Shows plasma parameters for KKAY mouse and KK
mouse hybrid groups. Plasma glucose level (A), plasma
triglyceride level (B), plasma insulin level (C), plasma
adiponectin level {D), plasma leptin level (E}, hemoglobin

35 (Hb) Alc level (F), plasma nonesterified fatty acid (NEFA)
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standard deviation. [FIG 9] Shows oxygen consunption

(A) and respiratory quotient (B) at 13 to 14 weeks of

age, and cumul ative to spontaneous novenent at 7 to 9
weeks of age (C) for KKAY nouse and KK nouse hybrid
groups. The data are shown as nean t standard

deV|at|on [FIG 10] Shows plasma gl ucose |evel (A

and EV%%nfeF) ri RABFPA <F<évé40°(sg rone degedcolb, taikepdnema total

\% KK
t eStr400e KKA (griguése méasm@d ﬂ%uastgwfé 4, 9LaURs ﬁéradm +

16 weeks of ag data are shown as nean stan
devFf 5T ‘jfﬁFE?tﬁﬂﬂ Shows gene expression levels in

KKAY nousercang) Kodpuse pyhed i geoups @iard
V\Ee Changes i n]thecﬁpdl engephal g%re(A) %g}l 8*3%%(21”@ KK

PRUSRITY 6>§éd( BFOURS e e( Tyaswpdan dTlk dlessaemeRe: aiere
(D) raeee £xam pedes JAOQLA] (det ailgd, Desgr, gﬂt ‘Lzlgnmé)gn +

the I nvention) The presént invention provi
nonS hARART SnlRTRRtiIYEf i cient in the expression of the

SLC- 1 generc259] Qfkblk Sf%éhmmumﬁ@ml BN ?ﬁ%pl&tory

t he G‘PYGSSIOH of the ene nmeans a non-h

man®a? |ﬁa)tﬁ%35&§ﬁbéélﬁﬁﬁ%ﬁ ofepgegerslisugutative

nmasﬁ¢nﬁﬁna6u§hﬁ$féﬂbntlBE'?KH6H% Febrk &%Jadaﬂ(%?'§or KKAY
epared froman ES cell having the SLC T

%%f G0 FRFoUIRehEPAid & auPss)- ﬁl%ﬁ@@ﬁdém %h@)n as mean

anlfngﬁandgggl&gkfgygogxpreSS|on of the SLGC-1 gene
i nactivated by antisense or RNAI technol ogy therein,

and the IFK@: 44r Ehovsmkrsmed gbusosxO)everedhs anh o Lelsma

pr Qﬂ'milllﬁnl@‘frepo(fm| ghea oéeS tBLEVEMULARY on KKAY mouse
35 ereas

destr n renDV|ng t endogenous gene,

ﬁdﬂ?iﬂg g idrreéﬂ'ép% ekt 1%r #eekatdfoRaer orfheRNALa are
7 IsIHdﬂmpéthﬁéa(h ':I:S shzahabfci e LigtigActivate the
expre55|gn of endogenous gene. Hereinafter, the

SLC-1 gengt 9«)%&@ ShP¥el Jgte eKRESHY ¥R vRATein | K| mouse

soneid IKKSmsmé'@hJ}ybrr&_fieéf&EbsI %tag wé@l@s JOLKR, arﬁﬂﬁlge?f in the
prese i nvention”, 5 [0 "A non- human manmma

thzﬂleé‘gﬁpgﬁl%{“ s%ye&’?rb‘ie‘i%l fd ke mdinesent Bbn }ieremot(C),
Ppardnacekardyal intisked, (BS WJeR0ea8mitded.

[oo10]
(Detailed Description of the Invention)
The present invention provides a non-human mammal
deficient in the expression of the SLC-1 gene.
25 [o011]
A non-human mammal deficient in the expression of the
SLC-1 gene means a non-human mammal having the expression of
endogenous SLC-1 inactivated therein, including SLC-1 KO
animals prepared from an ES cell having the SLC-1 gene
30 knocked out (KQ) therein, as well as knockdown (KD) animals
having the expression of the SLC-1 gene inactivated by
antisense or RNAi technology therein, and the like. Here,
“knocked out (KO)” means that the production of complete mRNA
is prevented by destroying or removing the endogenous gene,
35 whereas “knocked down (KD)” means that translation from mRNA

7



is a non-human mammal for which a transgenic system

has been established; exanples include mce, rats,

bovi nes, nonkeys, io0 pigs, sheep, goat, rabbits, dogs,

cats, guinea pigs, hansters and the like. Mce, rats,
rabbits, dogs, cats, guinea pigs, hansters and the
l'ike-are greferab e; In particuylar, fromthe

Vi e\ﬁd%' nPraFethe SprBpibLtsb oo PAFE YRS hgepxRIRTRICH, of the

r odemdegenbiughydiave H@latiaveby, st tsieeni §88e Ao/xD animal of
and 15 life cycles, and which are easy to

ont

pr 08‘3‘ %ﬁes%?re TyFBtigR e‘fsersz?ﬂ‘ﬁélm%%rstlt“&i}lyalr?ffemfﬁ%eto as “the
(f orkogxanphnaICHEBLLE Stdsdint, inBMhE dhrstrain, DBA2

strain_ a the like as pure strains, B6C3Fl strain,

BBF1 [0} n, B6D2F1 strain, ICR strain and the |ike

as hybri d*stioa-RehaRnemials (hof examal 8, s A 0£SPhe
and_ 20 t re preferable._ In addition to

o ppaeh iy BioR LMo Brapicularne 1imsbast b Ry as it

sane spar pes-ehiafant Rakmof fdioﬁhhﬁﬂfﬁrﬁﬁﬁﬁfghﬁ 25%§i?&% has been
a

subj e resent invention

speglrrélﬁﬂﬁﬁg FngRrﬁﬁﬂ&nﬁéueﬁtm%qﬁ? Sﬁésl Betines t Repkeys,
QanPbgsprfﬁéﬂp@bbﬁaﬂﬁeihﬁﬁlﬁarh@§g§C”HHHsS|leﬁééﬂﬁyﬁsnghamsters
t he S C—l %§§%n3q$n0n1c DNA) derived fromthe subject

non?™ rebiy erthtoirsr ARFRoEatendguinea pigs,

[ ntegmatefq;amdDNHe BiHéiﬁdehﬁféfﬁkébﬂa“AlﬁeﬂéE¥K3ﬁlar, from the
constructe éi gnse uently 30 inactivate the gene by,
for VERURHIE, of15 PO TRPPRACD IR iAeEPORORtL amesn

or }nbdémttser wh;lchnﬁﬁé ireg a8 No& hersHIMA pfe,r:ﬁ&a@ruf QJE% eny and
%xa dr.u reS|stan gene reporter gene %
rkg‘r P& ERe 8%dn" fﬁ&?& POf %?sibrt&rBFEPag%‘@‘?'oﬁreoF‘C’re
(2) pcelferargeoupaths:mtruye Blca (Tt bgampiet e 78%6 lstrain,

gen using.the e-1 oxP s em or p-frt systemto
del g thetE lﬁEn%B(gzothgin %%‘rsrttqenélﬁes%%ﬁ’”é&déﬁr?h‘?%v
theBﬁﬂtiﬂleBnra:ﬁd,i BPF, I €gia0f, t B6PERVERkat he 1d0r@RsrathOthd the

i nt 0 { rotein, or insertin

seqrje%cergpst E’X? g‘flosb%ratlﬁért ?’é‘rw‘)carqspt (f8R %’?amfill’?e Jémgar, SD and
¢f othexarke))earpopysieadsiei on S|gnal and the like) 5

into the tran Cr. t|on %Fﬁlon grevent t he synthesis

of conprétd e PITEBLTERA Ae@higkens can be
taf@ﬁd ff@rVEDéOSE)me patrpbh@ &@hbtgsne“ﬂlmnﬁh hBfnals”

??Jﬁrg lré% S nofT%WpreXent ?Lrl’rlt‘)fleggggl? r econbl natl on
[0013]

25 As a specific means for knocking out the SLC-1 gene,

there can be preferably used a method comprising isolating
the SLC-1 gene (genomic DNA) derived from the subject non-
human mammal by a conventional method, and integrating a DNA
strand having a DNA sequence constructed to conseguently

30 1inactivate the gene by, for example, (1) destrcying the
function of the exon or promoter by inserting another DNA
fragment (for example, drug resistance gene, reporter gene
and the like) into the exon portion or promoter region, or
(2) cutting out the entire or a portion of the SLC~1 gene

35 using the Cre-loxP system or Flp-frt system to delete the
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[00141 10 The honol ogous reconbi nant can be acquired

by, for exanple, introducing the above-descri bed
targeting vector into an enbryonic stemcell (ES

cell). An ES cell refers to a cell derived from an

inner cell mass (ICM of a fertilized egg in the

bl ast ocyst stage, and is can be cultivated and

mai (FEAFhed” V\H)I & TRESHIRG & [FEoRNEPEIRrigol Ahedsitatio ading

Vi t regibfM & eldeycatectestdnadat fon fA[HD BRSO
body, being stemcells on which al | ti ssues, ¥otein, or

i ncl'ddi h@s Gc8l PYA sgyepseehat It opS kbl tuays@iRpion of

be ahe gamestmbl bshgshseldo1vhngaa s saghgl lad
new, étest ablished 20 in gccgrdance lvmtﬁ he t %Qg %lke)

EV an8Fanh K SFPREATIREI R €29108| togxevgntsihe 1sgfslt}nesntarof

exaﬁpinpleﬂdﬁnﬂ?lm CABErOfnaTREse BSHr&sldisg §§ Eﬂg}esclng vector)
derive ﬁ?}? a 129 npuse stral n are currentl '

gen8Fat?§ Uded, 98B Yarvsi miukbe ofikdgictbaekgrumand mammal by

theheméld@usumébéﬂlndct‘lbnt hen®WRNS6%e0f acquiring ES
cellﬁ%ff a pure 25 strain instead thereof with an
dlcally cl ear genetic background and the

bo ke, anThS Rehdidfduablbsbfsh d4@Mean 27, u
froma BDF1 rmus cﬁﬁ)tFl of C57BL/6 anfj1 DBa@:%u@rEH ﬁf %or

t he®%53H e'nﬂrﬁ’BE? l”&/&hEoP?%ﬁ‘é’:ﬁ%rﬂb%@BBEAth'asctor

beeimtidanOeRBr PynLd GIemnNge M t {(EPBAAZ)  and the |ike can
al so 30 g §§ed SU|tany In addltlon to being
advant ag&Bul® i P ihdet eF R et e Lofe Bied Sirpaceabhmars cell

hi gh’assarldCMblabftimfeQ‘\tél@E@d SRPUSL thgqgﬂaéﬂo%?sgaggag}g]e and
e background thereof; thérefore,

f 88?%‘@%%0[;@?1& PR iaimere "hite kespiaat Sheous! y

| n ltdttl.tffewbﬂﬂlﬁai‘p%ltlaﬁg 8n 0/i%9@5e el 11RUSE Bnd H%%g to
Q%L ack roun% can be replaced with that of th
GK: cPo ﬁ&ew £plhs v mbishnelik e issues,

(OOI.‘I['quuESDQGchéJSn er1be @FepuRd. byrhd @5 eXaiPifed @8y be of
descrlb% b téhﬁqy Y@eg a bl astocystic enbryo is
colTe&E58°tH [F&1% WiR§uLTorTaaf et dimgnnAwaestablished
anmalacabteandmtuing {:ﬁ@rme&)&wloﬁ EvANeand RRYSHRan (Nature,
(prefegg ly guﬁp jg % an inbred strain such as
C57BLr 63t 86 F1 6- ah@TafbERIe i 4B 6de stF38 9f mAUse ES
t he:ellllskeB:S Iaalllfsederﬁvécﬁlﬂloﬁl EOUSe dusabauta By t:—ﬂ:ea%#i:ently
d %Pog 5 d%%f of gestation) nmated
era e ut the immunoclogical background thereof is
unclear, for the purposes of acquiring ES cells of a pure
25 strain instead thereof with an immunologically clear genetic
background and the like, an ES cell established from a
C57BL/6 mouse or from a BDF; mouse (F1 of C57BL/6 and DBA/2),
wherein the small number of ova collectable from C57BL/6 has
been improved by crossing with DBA/2, and the like can also
30 be used suitably. In addition to being advantageous in that
the number of ova collectable is high, and that the ova are
robust, BDF; mice have the C57BL/6 mouse as the background
thereof; therefore, ES cells derived therefrom can be used
advantageously in that, when preparing a disease model mouse,
35 the genetic background can be replaced with that of the

)




i 0 about 2 nonth-old or nore is preferably used] (or
an early enbryo in the norula stage or before is
collected fromthe oviduct, after which it nmay be
cultured in a nediumfor enbryo culture as described
above until the blastocyst stage), and cultured on a
| ayer of appropriate feeder cells (for is exanple, in
t he5tBisks obuae noyisBckoeradging iwitooRras? Bly% prres-
gw(ﬁ éet al nouse, commonly known STO fi broblast Iine
i like), sone cells of the blastocyst gath to q
fornlanEBCNbll$wnaanBIPE¢P#%ﬁ4uﬂYraF@rl?ﬁ%?giﬁ'eﬁﬁrékﬁcrlbe
Thbg é&‘”epp&?' tgl% Of:ﬂrétfé WeiRbzed ¢ 1dicseacEad® the
si ng e ce mal nf ai ni n% an appropriate 1
Eehted&nsqftyi énmahgmqmgh#@anumm@écﬁé gesmating [for example,
' an 3’ fou &Pt ad, M@ﬁfcﬁ@irﬁ% such as
ﬁﬁggéfé{%%Falﬁ O@@% Al t hough béth mal e an
{ CARTELAES (360 | SFomf BE oanot@srwanlérqz*s StEpLE, a"i“éd the
usyglly fIry ‘?::eEio'”é{eﬂ=,lh LnBuQé ePariydetas 0es MHdk® 10 week-old
chimer a. e sake of saving Ealnstakln
| aljapottor3 c5u|dtaWa@f @estatipa) d&%ﬁqdab'll hi ygpalggouse at
: f d S P135uPaSs| Jre anABarly
Mexgg&lnt’ f?#on%ﬂegfdfcﬁ%g&ag%el %ﬁlttlf g§t he sex of an ES
cebinbrrso av.rBGhﬁemhmﬂa:cﬁﬁpgﬁsPﬁgb%ﬁﬁﬂei fiyi Al fFed from the
defeeki g aabf%?ewh{hﬁ he ﬁﬁﬁ bgeéﬁrﬂﬁr@ﬂnﬂnre?%élﬁuﬁlnfb’r
CR. [

chronosone s net hod, about 1 col
of eﬁ@rmlcnslt(uaboas @@ﬁctrableé) abgve Ttidi ERE, 1%%ferFaYFéd stage),

1O%H BE' Qnﬂyéfeblﬁogppfﬁkbﬁ@t@e@éé&@ﬁ &aut (for

karyot ype anal ysis, so that prina ry 4
1seIeG@npben. 351 theEsage|dis ai ROBEF ;P%ggsfb?robla ts prepare

Cu'fgcbl\llacrl'%Eaﬁaﬁoggepecfcrn%EEQ kDS ®E ¥ ibroblast line and
i dentification, meki ng early sel ection of

e
celthe poks) ,b|se>meme1=3ewﬂ aberbisstandsy gRbRes fcﬁnafl°m an ICH
cultbyalion dl%@:@ﬁtf@@%%@oshﬂnélﬁbwt |'M1153Q@‘1@1§daf:¥ll mass

sel ection can performed by, for exanp

CORB| FnY}P@lrtlmeG‘rrﬁQo@rbﬁﬂ%é?ssb?g%%é%llanﬂ?%dﬂﬁeltehod
2%”%}81B@§%ljxixﬁ;e anl épb.@oﬂ:qsdtreagle@ltcﬁ@{sﬂ aBhr RAPS QY Thedium

cell obtai ned be 100% of the normalb ES
nueBehang@®l AissPréaEncard PRABAIH AL S BERPARRF nadigs ety

toclgg ?féjléﬂ{raggedl o carefully to maintain the nature
erentiated stem

[0016
Although both male and female ES cells can be used,

25 male ES cells are usually more convenient in preparing a
germline chimera. Also for the sake of saving painstaking
labor for cultivation, it is desirable that sex
identification be performed as early as possible. An example
of the method of identifying the sex of an ES cell is a

30 method comprising amplifying and detecting a gene in the sex
determining region on Y chromosome by PCR. Using this method,
about 1 colony of ES cells (about 50 cells) is sufficient,
compared with the conventional method, which requires about
10° cells for karyotype analysis, sc that primary selection

35 of ES cells in early stages of cultivation can be performed
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cells. For example, the ES cell line is cultured by,

for exanple, a nmethod conprising culturing on

appropriate feeder <cells, |ike STO fibroblasts, in

the presence of LIF (1 to 10,000 Um), known as a

differentiati on suppressing factor, 15 in a gaseous

carbon di oxi de i ncubator (preferably, 5% gaseous

car6nhSékokﬁ%nﬂiﬁiﬁaaﬁpnortﬁﬂ%)@mygegﬁé%%ﬂgasemuetinn'b@nmale

di oxidel9 a t he

pas?ggg? 9?/9ﬂ2¥3 LFQP&%%J%%§ eTPLeSFS ?rea

vwtI?aPr993¥¢#QQ§ﬁASlgoiﬁi¢antl@usuaIIy 0.001 to 0.5%

trypsin/0 2 r a

trypsin/ IS#\/I&“%I%?X;T%O ﬁon gagl ﬁé ﬁ{e%k%'olf gob %Oﬁ gpample,

sémoéﬁ@mim%smrympsezparrembfeaedby tohed I%baadting trikhod, and

ik T passa I for d ever

dayghedg%%}g \?\/ﬂﬁl g% éieﬂ%% SL%%?? examr?]%o Qf/ gmger of the

mor okFeyl cetitiaingldnbe N0 elfl the famumad, niztbé s,

desig that 25 the cultured cells be discarded.

[001 cells can be differentiated into a w de

variety dthe E£Fpeelbflige lthuknohirdineg paedsttd peusabeyltured
S e rd

dhi ar o it ol Rain B0t AT hARAAURE, SpabkrERARGREN oten

suspehds on Foul exarerlmt ithet g ¢edrmunenmfcu1¢e|rbd by, for

agg P ns_[MJ. Evaps
E% .$§Kau?1@503N§£@ﬂgsggﬁ éég?yrln%san Rﬁffpréfgf feeder
Nhr??hls ﬁﬂd@eéﬂﬁn@ﬁbnﬁbhaBESRbimcnnﬂ pAeaemy off LIF (1 to

\?8: @ggé?@op li}kﬁ&i(, P&)S%i %}.‘atal dlgg@%)et?%thon sz.g%pr)elssn.ng factor,

Jbuihat BIseEwsr @¢Q@n/dmm315ﬁpen¢uhatbal(pﬁﬂf@ﬂaqaholbgygaseous
vol -84 e oL
defFC|%§ﬂ)%¥§x%a§§§%§r%gisfgng%30%¥§% Z§ﬁzga%§§§%— ?580?0
thedl?#xﬁﬁﬂﬂp%|ﬁwehtaunaboubtaV%Bdahy dhid flakent Lpbn N s3dge,
ES €61 loxdnd0Q POEAIANGE AT 9ELL NG, GGLOLs A, USLULL iboa

cell biological 5 investigations o

[ 0039} utH@en dxanplly 4.003 tar@eis rtgypecmm J: $odésm1gnE§mrA

bP pHeRIS@ t1i30 eXpn

R A e e R TR T S

or oot @hipkgien Fo@nopnthefSlsbly geamarqméeeéermells. and
Can: s Si4ie.. fﬂ{lseéég'@g&e fg]%orﬁgﬂi% 5&@&%8“&%& 1 to 3

bel ow.
days, during which the cells were examined; if a

%¥ltivation

morphologically abnormal cell is found, it is desirable that
25 the cultured cells be discarded.
{0018]

ES5 cells can be differentiated into a wide variety of
types of cell, including parietal muscle, visceral muscles,
and cardiac muscle, by monclayer culture until the reach of a

30 high density, or suspension culture until the formation of
cell aggregates, under appropriate conditions [M.J. Evans and
M.H. Kaufman, Nature vo0l.292, p.154, 1981; G.R. Martin,
Proceedings of the National Academy of Sciences, USA (Proc.
Natl. Acad. Sci. U.S8.A.), vol.78, p.7634, 1981; T. C.

35 Doetschman et al., Journal of Embryolcgy and Experimental
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[0020] First, to ensure that another DNA fragnent is
inserted into the exon or pronoter portion of the
SLC-1 gene by 15 honol ogous reconbi nation, the
targeting vector need to contain sequences honol ogous
to the respective target sites (5 armand 3 arm

upst f the 5 _and dgynstreamof the 3" in the

ot heD¥°eL%ﬁRQP?%g rr"e"?h- 8?1’ oP %%ﬁaé,l ‘i fPard ExdnpPe-hpeitowarmal
to d@s&ip@ynw?n the tefaprfiéigﬂ uogfgtu@cgafg,cge]g:am&%@ 20 the
seq onol ogaus to, the region spanning from

reg&%%%%?? HYSGTER™ ooP S %Yoﬁlf ateatiggmn ES cell
Peartad, and o seauense Romsloote. Lo thar el piological
i nser .and a sequ , us gi
sgaﬁﬁi%gt%ééf ?§5p8?t§ﬂ§_%f”¥ﬁ%t %on 2 to a portion of

the {00xoh 2 downstream of the 3'). 25 [0021] Although

t he ot her [ particul arly

he F%gw%gfragnenl inserted is not : I

limted, 11 i"&*PBES1 bife & 5258P N0 ecter| &5 dppjigngdato
t ar gestnoy videt dunctiegrat @d bRoR GhIRORSEER KPeRefting
mﬁtgngE%gEgﬁaJ§&ance or,repogter activity as the _

i ndéx, by 30 U AF UGG Or EBF SR #0gEARN oFT Promoter region
nepoft ehe @nﬁe.ll l;-lene,],c ttlﬁexa‘ﬁ”ﬂteﬁ ?zfn ta@%uﬁéygf(fﬁ?jx%h th? the

en . exa es 0 e reporter gene | nclude, bu

S ERBPE AEH Sho! gt  8

imted ) onyci n phosphotransferase
Il (kg20d]) gene, the hygronycin phosphotransferase

(hpt) ge d the like, and the (3 35 gal actosi dase
(1 acz) ggﬁéggt he® cerﬂsélrr?injbﬂ%thia@tﬂthgﬁD%e@iﬂW&ﬁs%%r%ﬂed

(caiytyere amdntbe gideerekes@anidnyelythe [022] gThe by

e B SRR aRAT | 7% osaR cbrbri o= apas &

of C@nﬁaﬁmcﬁbqnémmpdIhoﬁﬂﬂﬁ@bﬁéﬂtocthsreéﬁgbﬁi$@”95§get sites

by S SEATUELS ) Bl A R O Ereen o e

Roud’ siar ¢braovhet DNAREYRGhdiR,  (FOUS 8xamSLK e Mina aMi Extnple

(MY, LR A G005 A e 2t o

P otssluengenesnalagouas to heheRmgtibh oA INOFRLR 57 R@Gulatory

PP Reo BORD Eler @ LEACRLRGE0 950S B iRag of the ¥ or

r edihst gfiher opNA gpegment gatserted, and a sequence homologous to
the region spanning from a portion of the exon 2 to a portion
of the intron 2 downstream of the 37).

25 [oo21]

Although the other DNA fragment inserted is not
particularly limited, it is possible to select ES cells
having a targeting vector integrated in a chromosome thereof
with drug resistance or reporter activity as the index, by

30 using a drug resistance gene or a reporter gene. Here,
examples of the drug resistance gene and examples of the
reporter gene include, but are not limited to, the neomycin
phosphotransferase II (nptII) gene, the hygromycin
phosphotransferase (hpt) gene and the like, and the B-

35 galactosidase (lacZ) gene, the chloramphenicol
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is inserted into the SLC-1 gene so that it is placed
under the control of an endogenous pronoter of the
SLC-1 gene, a 15 pronoter- that controls the
transcription of the gene need not be present in the
targeting vector. [0023] The targeting vector
preferably has a sequence that term nates the

t r afSEFY P3G LBF A #RNEFD oRPERARfbrt@e2dike, respectively.

(pol padenyl ati on (pol yA) signal, also called
termnator) _downstream of the drug resistance or

reporter T&@n@’f‘j“i OieSIEXARPE O tREPRIFARTE 09 ddeRERSETaDLY

der @k foh@Me¥ht 61 GENES, offiodd1aR Eﬁasswggﬂsﬁgﬁek Qdpable of
blrgﬁ1 enes, can be used. Preferably, an SV40

ter fPHETSR 18R R HATMAdE 28 € bised. FO5 FHRIPAR, UEiEN$ ypromoters
gensudlec@TihBatvan dar1g Hﬁmeﬁcl%§mg@§fdﬁrus (CMV) long
non- honol Qgousl y; the introduce i s"randomni

insEﬁ?W&Ta&treBﬁa?uﬁﬁﬂﬁﬁalB?u%rﬁﬁﬁ99m60§i¥m%nﬂﬁﬁy)tgERf mouse

chr smasiTe. vibes eMeLy) | LTR,S 44 aBBASY LIS [(@dv) -derived
efficiently select only those clones 30 targeted to

t he®Edo§ERBALe B @AY gafre ey doadmpymabias Ggpasitutive
fecordrdiat peReHYsuid ast tRY PasednoRehigARiRell 08O gene

the_ _expression of a drug resistance or reporter gene
andPIFE ek 2N JoaSEFET ER| I8N BEPMOLer janchdbeskbks qan be

conidritNonbe. SiHowe®kbr, | It aleAkir0l BYs SAWHREr Br reporter gene
hybridi zation or PCR for all the 35 clones sel ected.

Hence 1 5FE0Pdethihdne PHY 2 aaRs 60 Ehat i3 igeppeged under

Si nfHeexonk U5 - ierdn edabhumdl Reokbhaseof HEY kKt -Deffe, a
whi ch c%nfers gaQ%%CIOV|r susceptibility, is_joined

Buti e E nER 3 e B RO AOTRR FFePEE T LRkl T hfe thB egReh eed not
of dehereaegetingheveatgstidd&eeebks having the vector
insirted randomy 5 thereinto cannot growin a

gan Qegﬁbir-containing medi um because they have the

HSV-tk oee, tamiereng vde-drebkrerbadwll eds L0séd\fence that
enqpqeno SLC-1 .1 ocus py honol ogous reconbi nation

u
becoEPAErE e FanGaRtIICIByPE RRP oF s ahecaere
hecigpod gatibeylatdenn@polywe diigalibValko aene eanegahing or)
sel gcti n%. to Alternatively, grOV|ded t hat the
di P FREPFSET (T RGefBUT (TS ISERAMPI @ TP FEPReBERGF for
pl axemple} hee SVt kr gesigueridie @6kl ved MGG EAE JeBGELOr or

inserted randomy thereinto die due to_the toxin
pr%%ﬁ@egafﬁp%ﬁwgﬁégﬁgegf RiFd AEPedr Hefoltsgyaed: Preferably,

an SV40 terminator and the like are used.
25 [0024]

Usually, gene recombination in a mammal occurs mostly

non-hemologously; the introduced DNA is randomly inserted at
an optionally chosen position on the chromosome. Therefore,
it is not possible to efficiently select only those clones

30 targeted to the endogenous SLC-1 gene targeted by homologous
recombinaticn by selection based on the detection of the
expression of a drug resistance or reporter gene and the like
(positive selection); it is necessary to confirm the site of
integration by Southern hybridization or PCR for all the

35 clones selected. Hence, provided that, for example, the
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reconbi nant can al so be selected in the absence of a
drug. 15 [0025] Al though any of the cal ci um phosphate
co-precipitation nethod, electroporation nethod,
| i pofection nmethod, retrovirus infection nethod,
aggregation nethod nicroinjection nmet hod, gene gun
(p cIe dext.ran ﬁEthOd and the

6}{ SEan e isef'e}%l vflé'.lus‘t ﬂ?%ﬁﬂﬁgﬁ%&?bﬁ’e %WSd&E?YoW) gene,
|ntwhﬂ§5 cehfsrs tdmmcgbiet o parsaiep@ibeihgd iisS joined out51de

OEn At SRR 2558, Und 1S B8 LT Yooning

reocﬁd:tlomat tom dallas hHﬂﬂﬂi@ltHﬂsCGMbSoﬁDﬁideM:ted randomly

no ousl| 59 t hat .t he freguenc

o TP e BE Bt (L BT AT G Reagp Lag medivn
deicarqabeel tiadyo\reveFohe t eV -eke gbho p ot lad e, taédd:émlrs/ targeted
ceI S n}%;é%éjseq’logl%r gL?e{]e.lfOI n rEQUCtI n I nt orgtr:]o 1natlon

el évcﬁtcpmporammmanob@arp@rd‘l@w&edab& atxreyﬁ&uetzedlgoedi&se they

ceI S . i a h ase t i sperse them
Onglgn}t"?e cgjlgl éb% g%p%e%k? wﬁegggl‘&eelﬁe thlg")msdi um
ltOO Pdl';ﬁanaltaveldensn:byldléd G tt @hd OB mredHesA Al toxin gene, for
tr ing t.he cells to a uvett d|n 10.to 1
%@(%fngﬁ.% ar%e Oﬁaegec? &lacgna‘% 5%?)”&" 3?( £ ecths (‘98995
pulheerlo@ 2090 veet600iMiered @ARAGIMLBIHeTet ot b SdAT@\EIRY to the

th ' viector. integrated therein, 14 can be
orokEhIEt g 8L bR o he A b S and
extrleaemleméntom:laa sbtorhe chilacned iy ttwl buEenge tdfe a drug.

lsi nFMSZ cells on feeder cells, by Southern
ﬁyb z]atl on or if a dr ug resistance gene or a

report erAlg:eweghsamusecf adet bel et herphbsphiécé ragrtipitation
IS bl C atr sfor nt, at .t he el ] ul ar

st gggﬁ(\?\#t heelt Cgrgﬁ%’feaeéls?norr{l *tRRFeorbese ?ﬁé"? rf&eeé‘ dIIZ
exappkeviifs dnfectbon (Imt}hdeI aggtdym tiphl e gests, as the

may, ene r ive sel ect on i,s.used, ES

af tE[?E%ler%] lfo r%%%i% o PP edfhelRE A & E U é%?t?’ﬁd DEAE-
Zﬁedﬁmh:mme&hndngnca tihe dedrycam-senises Aot ithimjdtenguebctor

t I t| eS| tant col on
sef’ggt}(gdlcg%%g glg%%le%; Eof = tF8F?rﬁ?ﬁ£/°”| freghod 1is
vegeneraidnprhesay bdteaulsBVefktlgeemmses ofisefleataterithef a large

eSS L8 RIS 1 o oHIE RSB0 1n
mammal occurs mostly non- homologously so that the freguency

25 of cbtainment of homologous recombinants is low, ‘as described
above. For the electroporation, ordinary conditions used for
gene introduction into animal cells may be used as is; for
example, the electroporation can be performed by trypsinizing
ES cells in the logarithmic growth phase to disperse them as

30 single cells, suspending the cells in a medium to obtain a
density of 10° to 10° cells/mil, transferring the cells to a
cuvette, adding i0 to 100 pg of a targeting vector, and
applying an electric pulse of 200 to 600 V/cm.
[0026]

33 ES cells having the targeting vector integrated therein
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is resulting resistant colony is selected as a

candi date for a honol ogous reconbi nant. The col oni es
obtained are transferred to respective culture

pl ates, and trypsinization and nmedi um exchanges are
repeated, after which a portion is reserved for
cultivation, and the remainder is subjected to 20 PCR

or SHutifeARtAYBINa Pat SeReeminD IThirpRe SoRe mNékséﬁp@r@ﬁed and

theexﬂﬂﬂd%@gUEEQnE?V%olbgg»ugtaﬁﬁgﬁnb?nc@%%d¥¥ 9. EﬁgféIﬁH%%

to have the introduced integrated therein is
r et €fed Oflof%d%tﬂe}éSdeva%diﬁhﬁ@m hybsidigatharapr PCR; if a

mana@lg okt beasa R sReEEES, e tES §ahd 4
inte rateg |n?o the 1 CM of ?ﬁgﬁhost enbf%ﬁE%S f%?rﬁ%f othex

chi Py ifagBabEyoit TS fopsikkaieopsaheed 4 frengformant at the
re%@.l@ﬁ%rm&fél HiQHOENO XS SR BAT t]fl@{)@clfe)asagge 1ndelzo

al l oned to continue devel opnent, a chineric
am HEATPLE s Obf o (HAFLOFT Coar i ngethe m@trcromenrebas ehe garker

1 I1 ene
t %é‘w %E'?@sﬁf v& BehBDE Hdli O8EBNCEEd deaG o ﬁ‘cé}. g

erentiate 1nto an egg or sperrratozoon Int
chiifrcdughi ol treatgephl a v GHitHeed i |4 medivbt e¢ntedning a

BY ndwatycRg-td S5s ankGran @l J&ﬁVBQgGikg' %h@ngﬁeofeédfilng

SLC-| gene maintained netlcal y therein can
pr fPEtEH2nB5ce goRB L s185e Rt a5t @sapi pypdidetienter ca
ety A £h BRES AT € £aa NRIRG c%ﬁfféifhge%k:yﬂmﬂ%%n‘épls used

to the norula stage are adhered and = aggregat ed
t oGt 8P TPAFHFEDEOARE MeaAtd vRebRbrtiond Ahaekhotells are

Whesifitlrad CAl la medTlf! 8od ¢l 18ahgdgl At Q13 Rl-ashRg o
cavity of 5 a blastocyst (injecCtion chi mera net hod

A (RSUGhIPRECTAGEOPt FRkoRY Adi ePERAIeY aseancandidate for a

congdieh 8gohd ﬂé&%mﬁﬁﬁ@ﬁf at itfl 051 0rf dNOBBEL fef HYY O
using an ES cell, a net hod wherein an aggregation

ch.trifér'af?%r%c} &4t €§sByCHhjecriligranr B agel Rnfdntevraind zation

zonadpabl e Ak Bhng8s 85 Lelde ﬁ%&@gg %WWhi‘Elq & Jmthed is
10 wherein an agre atlon C mera i s created

by Fe6eEHRY LS FUahdvakbRt-egatl A arprEsnder| ipaabiasged to

AN fBrcek| seid@eneAbh¥0a1 ARNAGHVEY &ndite 2AB3resence of the
pel lucida, as a nethod which does not require a

m ¢P&REARGRA A% and which can be easily operat ed,
haveogegent |y been conducted. 15 [0029]

When an ES cell confirmed to have the introduced DNA

integrated the;ein is returned to an embryo derived from a

25 non-human mammal of the same species, the ES cell gets
integrated into the ICM of the host embryo to form a chimeric
embryc. This is transplanted into a recipient mother (embryo
recipient female) and allowed tc continue development,
whereby a chimeric KO animal is obtained. If the ES cell

30 contributes to the formation of a primordial germ cell that
will differentiate into an egg or spermatozoon in the
chimeric animal, a germline chimera will be obtained; by
mating this, a KO animal having deficiency of the SLC-1 gene
maintained genetically therein can be prepared.

35 [0028]
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In all cases, a host enbryo can be collected froma
non- human manmal that can be used as a female for egg
collection in gene introduction into a fertilized egg
as below nentioned in the same manner; for exanple,
in the case 20 of a nouse, to nmake it possible to
determ t he gercent contribution of ES cells to the

for mat i o oPTEPRRT AEra SHOTEELC K Riyey EBPEP 254 & gethod

pr ehetrabh eed11at etibeybosip ewbrye xb@rultaolsbcagéeéiré l{d¥¥eed and
nmouse of adc,tra n. show nq%ﬁa coat color different from

t haPIEPIT TR HOPRERST 1 A géﬁl?lﬁecrE@e&él petiod)s and a method

dewheedin Rorceaxanpl ®ictd+infectageimfo ANbESs€ftdel cav1ty of

d d f 129 t (coat col or
e B TS Ris d 1HfReiort GPome b RPad: S AoRORote atter

(Chats todditionkbl pohed:s widsed esSndteetienBl €nd Yre@dBation of
col | eﬁtl on, in the case of an ES _ cell derived froma

C5 7BEP B G DEFRT B ULE L 88t EEoF YL, 31 BEkORhSiretpopRa

TT2ggeddat(ider Ichﬁﬁlefai 07} Ekeéﬁ@@tbﬁﬁr@%ct@ﬂéuéﬂ JEsOkell into
L/ 6 andeﬁgA): use. or a BALB/ c nouse (coat
?E? Zong Fenot t% s 8gcat! (He e fEPEY 026y g method

Jaohhef,éiromn é@@BQﬂ;at:&?ﬁ@h&ﬁei@&sﬂ@r@ht@& 9id®cAlturing and

f ds 35 1 el t he
CoRRP R S0 oS S8 e oanEh 3o CBhbr YiR9eL67PEYP

rmdepp:t\ea‘oEro&bl:Betha-ta PeQQUbi dal i3 aShevhéd whilkh0Roes not
i ne ch inera for t| on ca aC|t be chosen. _For
exa ‘1‘“re A EREYHRY 8F°5 UG CRR by sasidl) eperrted,
ushavefMEﬁBnempryéEn(Bﬁﬂuwedear0n1the C57BL/ 6 strain and
4 l§ for ES cells 5 derived fromthe 129 strain,
lﬁng‘ 0s Ese a host enbryo derived fromthe BALB/c

strai n andalhecdddes faOhoEtS eﬁﬁ:lrly& deriveddinedtel Nerom a

c5 L/ strain 0 referabl e that the
feIrZr(g e rmus%lalf'%?{ %Eg SanlP? ShAsHE TERE £oroeaBout
6 sekleclidn andgdtmtintiedant on MBWsSeal psrimiiizeg by afs
rain,at %&ut 2 to about .8 nonth-old.
ougﬁ‘ef’%éo%? iY SHBS PIATEEdr SPT ntampg e i tn fhe case
2tpr@f er ablugepetd anaird 1af bessaslie fioS Het &g rgORALOHE HEdrR:

LIRS Ll ST o1 98 TLIETRy LD cpnera nosse
[ 082Joat ceolor, it is preferable that the host embryc be
collected from a mouse of a strain showing a coat color
different from that of the strain from which the ES cell is
25 derived. For example, in the case of an ES cell derived from
a 129 mouse strain (coat color: agouti), a C57BL/6 mouse
(coat color: black) or an ICR mouse (coat color: albine) is
used as the female for egg c¢ollection; in the case of an ES
cell derived from a C57BL/6 or DBF; mouse (coat color: black)
30 or from a TT2 cell (derived from F, (coat color: agouti) of
C57BL/6 and CBA), an ICR mouse or a BALB/c mouse (coat color:
albino) can be used as the female for egg collection.
[0030]
Because the germline chimera formation capacity depends
35 largely on the combination of an ES cell and a host embryo,
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In the case of the blastocyst injection nethod, a

bl ast ocystic enbryo (for exanple, in the case of a

nouse, at about 3.5 days after mating) is collected

fromthe uterus of 20 a female for egg collection (or

an early enbryo in the norula stage or before, after

beln collected fromthe oviduct ., be cultured in
‘gﬁi”nf“E’BEI YR IR ENERA faorcoahﬁmﬁl%ﬁh%ng uhthigh

thegdﬁnashecyﬁiméﬁaaga)cmaaf&l Ropeelits babddseh0 tmakedhple,
ector introduced

15 cells) haV|§§ a targetlnﬁﬁy

t helei"hFoCare 25 3 Airdeted b Mo PAehrRR T FO UESVR 1R embryo
t heidﬁ;basﬂocy&ﬁ 1053 ngva{;/mﬁg@mnaﬁal ﬁﬂi@&lk@f ESEfE@ldHlls

the, e r are tran p ant e INnto the uterus o a

e A Fae EEE i 08 s O e a0A! Rt TBRSRUNERLYO derived
manimim tA8 BAEB &BEYQih egiPicket 1f pevFer NBNcBUMBNderived from

mamyal human mammal that can be used as an
entﬂ%bbngﬂgg Hi*&if-femal e in gene introduction into a

fer{obgzpd egg can be used in the same manner. [0033]
In the case, of the co-culture nethod, 8-cell stage

embryos and-SEEEE5RR D PEkaipe ef et & I‘f‘é‘uﬁﬁs%"’bfegé

WOUA 1 e30iabaY adoltdayo alboat BBHhéddold,angl t1ead @the male
fromthe_oviduct é? and uterus of a female for egg

colMCBEEi BT (RT1AT BEr Py &ifosgBe fhrate af 2BPYEt of 4G abput 8

befm@neh- aicﬁer Abeha@grccﬂﬂeemheﬂné g e by onaEluell, mdBYng, it
be .cultu | ow-nentjoned) for enbryq

e
cul*tuP&® ?ﬁ?"rlli Rer 0%% (asfttsgeaawmﬁﬁr&ngt sa%adotgﬁ@ls
thaozmlﬁe@elﬁdhﬂldae+§timﬂﬁﬂi1h5 B&tihe , TYhefelsteinizing
solutlon ch an ES cell nass incorporating a

¥algErrig Jé Jﬁpuc?nﬁﬂﬁﬁﬂy L8Nt s: about 10 to about

15 tetdx)) is placed in a mnmicrodrop of a nediumfor

enbryo re over h mneral qQil, the
abové dgg% ef*8® %jﬂgﬁf?hg%SEﬁﬁ%%ﬁ)l&ﬂngl?ﬂnWﬂQQOd' a

( pbehetadyar iz emlmf:y@sbfciﬁs1 e&umph]e,r Al a¢edcasd bt heocake, at
ul L u ver ni e [u st ocyst

obf”laloﬁ}édgieg dO‘E'tE"rsaFi ?’éﬁ‘laé:&nfg fﬁec‘iﬁoleq’:ﬁ§ Fr%‘% ioMygrus of

znealpemﬁﬂefﬁﬂmabggncw&lduiﬁaﬁ mgﬁﬁﬁﬂ éﬂi1@e§ﬁbfﬁﬁﬂinaﬁﬁ%emorula

[ 0Q34 15 .1f the transpl ante ants

Luotake Oy e Eshe tHERRsiDh Tebltie FaRaT wecoHes, may

pr bgnalmltmmhi ar BCmsmmﬂn huamawméﬂfaﬂonaumfwlémb&gro culture

Obhgkyfdthbél br.'l%t %(r:gylfsiges!tla\égsy and ES cells (about 10 to about

15 cells) having a targeting vector introduced thereinto are
25 injected into a blastocoel cavity of the blastocyst using a
micromanipulator, after which the embryos are transplanted
into the uterus of a pseudopregnant embryo recipient female
non-human mammal. As the embryo recipient female non-human
mammal, a non-~human mammal that can be used as an embryo
30 recipient female in gene introduction into a fertilized egg
can be used in the same manner.
[0033]
In the case of the co-culture method, B-cell stage
embryos and morulas (for example, in the case of a mouse,
35 about 2.5 days after mating) are collected from the oviduct

17



caesarean section. Enbryo recipient femal es that have
del i vered spontaneously are allowed to continue

suckling; if 20 the pups are delivered by caesarean
section, the pups can be suckled by a separately

provided female for suckling (a fenmale non-hunman

ma usya i,ng.-and del i . 0035 For

thgggs?éel ec%ﬂgnggf'&aﬂ TSERS S 16 rre:rig X%*orf HETs8R fFrlngmbryo
thelrES’rf@eI8I~Ché$ attarm@y beé«mreietaértﬂrnbeb,mﬁ o@lluﬁet@d from the

t the ESceII first is
sel ectcgj t(' ugggsﬁé;?cug% rgﬁe | TEEA o (R s TERb /e for
SI rw@la/quUétE& cgltlil] shels%eball andgéh@mmmMEn@tﬁge) , and

i gh . ES cel contrlbut rate (for
exa i Oggogu%%%% 5 1Y &t 8§13R°t qggs?s ?#u%ﬁ?n'
phe&ﬁﬁe}rpe@lsuc&n & cedl madorindeepoexaim) @, thhgétihg vector
cas h r t.ain d hi
ool el of LT TRTE, A0\ BRSt 2 BT aL e Fyaced in o
demiargdfcppnef aﬁ_mdmsﬁozstanwnyp cﬂll’d.uie ket leidrwaah

degﬁ r a 7BL/ use referabl that a
mal éxﬁgﬁgegs odﬁ%@gg ﬁ W% ?ﬁﬁ%?gﬁt StRae3 SLEr
oaorgdpor phef smsbd gt édembN’}etshelisofuﬂﬂtert peased ey they are

18 er ne_ch
10 SILIRLa ORI L5 ST SR il
Fl ta@ngalantdd diongde bytmafngn\/\ﬁmtm&n rappp D@t defhale non-
stq@hﬁno;a,“kjh%gngesgp SRegi es. For exanple, in
ov

the case of escri’bed chinera nouse,
agol934k dom nant over black; therefore, when the

| f |
Fhe: coar ol SERARREaetd et TRnpaafE{ icheR Ly and
seWé@te@b¥mﬂe;awagsentsf&mq}grhhcomﬁsﬂpn@gnant[OEEEﬂerl&Onon—

Th '

|n§8%gg§g%?%g!gﬁgarge |E%F3%g %fnon g??af§ﬂ§§J§FVy°r

obtakhetears seciidpar o@rgtgmoerlaavpr@ﬁ HemSL&s ltlgan@aesl vy

k it

el e e A e O e A 0Py sugratne i

2gefiBe PRk ereodelivetsst bbyi sabomptogeest tbn onusomess on be

th (K o]
L e BB Ry BRoufSar PGl CPRY Bus "

of heterozygotes

hefepaks gutreduman rbi;m@é{ gl b neshdly paténg exradmied ivery) .
scrﬁﬁﬂ*ﬂg chronosonme DNAs separated and extracted from
t he

For the selection of a germline chimera, if the sex of
25 the ES cell has already been determined, a chimera mouse of
the same sex as the ES cell first is selected (usually, a
male chimera mouse is chosen since a male ES cell is used),
and then a chimera mouse showing a high ES cell contribution
rate (for example, 50% or more) is selected on the basis of
30 phenotypes such as coat color. For example, in the case of a
chimera mouse obtained from a chimera embryo between a D3
cell, which is a male ES cell derived from a 129 mouse strain,
and a host embryo derived from a C57BL/6 mouse, it is
preferable that a male mouse showing a high percentage of the
35 agouti coat color be selected. Whether or not the selected
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tail of an F1 animal by Southern hybridization or PCR
1/4 20 of the F2 animals obtained wll be honpbzygotes.
[00371 In another preferred enbodi ment with the use of
a virus as the targeting vector, a nmethod conpri sing
infecting an ES ceII of a non-human mammual with a

V|r conprisin 5 .conprising a rker gene for
ocireainit Rl FReMY 43 Shat bpline (IRRSTE e

ar nizteandnad mar k&e pasies fodr thegplhents ypeel eﬁtfu&n F1 animal
outo%l dentglleb arns, can be.mention ?ﬁf( e, or n‘E 5

Pr SCeRAM AL B PRE RAL Ol P ARRRE SE ’é?\%’b? G8R Same
( PraodmaMNaspecikead. Fc&:le.xahiﬁll&, Molth99ca§1® ¢ thie. above-

2140- 214 3 For ex en retrovir 0]

S baoriBea hifedd) nowtl SSATE: ShnuraoaRt Lot ledke

i ndlleatborsuciheasthe aid el m@usdi sm crbseedusittect Fembse

ad cuI re br.ot h sired al ybrene na

o Eehos alisr HHE edt T £oaPE' o6V g CrtAinpd; S95adBks 11
dayhe atlertathimahe woldd dat aogerrslﬂ@nbhmlueﬁh.as 35
desg f@g above, and cells having the vector
i nt @ d 19 therein are selected. [0038] Regarding

mpeci fi cTheeahastast dineek gagntioven chiteSh Gidn-1geaa, mammal
met,h r|S|ng nt raduci n encodes._an 5
ant'i g"gﬁgor E?W&lﬁgnglegﬁ?ﬁg ﬁfﬁaﬁf) of® éﬁf’@aﬂy
us|obgaimrdsqaeheoérwm@aeahaﬁmg)fthter ansgenjenheanlgl Bnocked
kn r ... and all.qw it in the_subject .
0w BB TP e el i PRELoTTHce CBaRT B R Ry | BRegptaln o
[O@S@]azyg;ﬁteAh@NAngoumissjcng geladecskgdentte in both

0 ry.to the ar ion,of. a si.re
SoPBREISEY Fabondned 2 piitnt B8 BTN SRRRLREY o
desliesedilps ymtvwbeoulﬂs,ngsanf bleeramdytgoths mayaiblel seosesd.
agal { e nucl eotl de, . The, anti sense_ DNA
ha\%%géégl%agg g‘eq%%Oncyéqo)c:éoonenenet 59§erﬁmsn by, T6r example,
substestirg Icyxrommmar yepardteel badeeseguarece fobmathe

po C | e SLC— r.tion_ t eo
oy bt CEAY SRt e PR RBh P 0
2ba9é See|URengeingienpbeabnédrwi 10r bsubmcazmgoaleby

(%nﬁnt ary to the base sequence of the
poI nucl’eoti de that encodes SLC-1 or a
In another preferred embodiment with the use of a virus

as the targeting vector, a method comprising infecting an ES
cell of a non-human mammal with a virus comprising a DNA

25 comprising a marker gene for positive selection inserted
between the 5’ and 3’ arms, and a marker gene for negative
selection outside the arms, can be mentioned (see, for
example, Proceedings of the National Academy of Sciences, USA
(Proc. Natl. Acad. Sci. USA), vol.%9, No.4, pp. 2140-2145,

30 2002). For example, when retrovirus or lentivirus is used,
cells are sown to an appropriate incubator such as a culture
dish, a virus vector is added to the culture broth (if
desired, polybrene may be co-present), the cells are cultured
for 1 to 2 days, after which, cultivation is continued as

35 described above, and cells having the vector integrated
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20 portion thereof, and having an action to suppress

the expression of the polynucl eotide. [0040] The

base sequence substantially conplenmentary to _a

pol ynucl eoti de that encodes SLC-1 is, for exanple, a

base 25 sequence havi ng a honol ogy of about 70% or

nore, preferably about 80% or nore, nore preferably

ab&@?rge@ﬁ?ﬁelﬁ548Ctﬁﬁst preferably about 95% or nore,
{besdpse sequence of the conplenentary strand of

the pol ynucl eoti de for_ the overlapping_ region. Base

sequenc e HRAFGLBYySPRT s BgATS fiT kagckimgndqyn fee SLC-1

Ca|g@bllaat§dnét$io@gcbﬁ rmrna_;l Qairs&kcﬁuigafal @ﬁA B HOTdncBEks an
NCBI  BLAST ( Nat |ona Center for Biotechnol ggg

PnEStABeith BaAsPE SoRM (APcdHAbre SbRIP hoT oG- Tungéna

theechatyd g 6086414 CXPEEt )i c0aRiRilOWedwn per se,
flltsr%EE?CN mat ch score=l; m smatch score=-3 5p
C

3
Paff WiRg 4 {Rethequbggse RUUGHAE BRRHe cedd and the

conpkenedd ey meht apskpf the pol ynucl eoti de that
encpdes SLC-1, (a) in the case of an anti sense DNA

i nt to inhibit the translation, an anti sense DNA

dpaving a mmhgﬂﬂrﬁlr@bﬁubagg%eﬁ%’énﬁgr@@mﬂé?rfe%ﬁ:ﬁpbyto the

about 80% or nore, nore preferab about s 90% or
no 8T 9% St 93PBf @Fa%|C§ﬁS&t§89t P@%%‘t?rleﬁﬁﬁéer td 9-he2 DNA

CORpbei@idadly Ghtrnd LfsithBe hasmsaguengs, olad e sald to be
portion that encodes the N-termnal part of SLC

pr oF'éH\seﬂ‘sﬁr agatpite the dpateed Rplonueleptidre vi CI nity

Of the lﬁMethﬁtiéﬁhéEO®@ﬂ padidd e phskededfortid t8RbEementary
d (b). in the_ case of an antisense DNA io intended to

1EIe F aHPSRATHRL hY R EmeRRha B ti s dREeLBRR FRaMeRgeact a

hopalﬁg;cl@htaae Uthat0%n@bdEB! SLe-Ar @fkehabbyt A0 ¥he80%¢ Qfay be
nore, nore greferably about 90% or npre, nost

pr R UHINFeRBBUPN A5 RS dPRRpRR, 1t SOPRRIRB M IRATENEEAYENCE

st catish edfentheyf ot | sbRTaNS HLBN CRRA chBO D0} WAUEhEOb A £l
t hat encode% SLC-1 including 15 the intron, is
0

suPTEBIES PoOHAT PQ%%EFF#?EE&?%/thﬁﬁeﬁ”??ﬁ?%uﬁﬁceétor a
2010pe htt frean tHBRESE, Iaﬁqcﬁhaﬂ@ﬂ@%n alttabhi 68NSHIMAs the

risin ase sequence conpl enentary or
sugggiﬁﬁSl§PI9PcEﬂﬁﬂ3? Pat§P 8% he base 20 sequence

rediogzejed under GenBank accession No. NML45132
The base sequence substantially complementary to. a
polynuclectide that encodes SLC~1 is, for example, a base
25 sequence having a homology of about 70% or more, preferably
about 80% or more, more preferably about 90% or more, most
preferably about 95% or more, to the base sequence of the
complementary strand of the polynucleotide for the
overlapping region. Base sequence homology herein can, for
30 example, be calculated using the homology calculation
algorithm NCBI BLAST (National Center for Biotechnology
Information Basic Local Alignment Search Tool) under the
following conditions (expect=10; gap allowed; filtering=ON;
match score=1; mismatch score=-3},
35 Particularly, of the full base sequence of the

20



(VERSI ON:  NM 145132.1, d:21553072) or a portion

thereof, preferably, an antisense DNA conprising a

base sequence conplenentary to the base sequence or a

portion thereof, and the |ike can be nentioned. Wen

the subject non-human mammal 25 is a rat, an antisense

DNA conprising a base sequence enentary or

sumﬁ?maﬂﬂjﬁccﬁﬁﬂaéﬁeﬁf akhe tp@lnfﬁéng@%@d%éaaéne@codes SLC-1,

f &g tenedhindel, GenBaNk, AGLess! Bn Noht MNMeB3845hhnibit the
ION: NM 031758.1, G: 13929067) or a portion

t hetrr@@ﬁlatp%f era BNy i seps e itis BAYENDNA PR¥| ¢y apout 70%

bass sRgue f”é?ca%@grp&@mta@r%yokomém hrse BEELONAA yOBbout
a portion thereof, and the like can ‘be nenti oned

[S00¥3| oT ARCERI imesiis BTERErahivi AGOUt bitlke Cfef@ERAceto the

COMPRIRTRRL A ¥ry %rtr%HQStBQrEHéalbLa)éeCQé@léﬂ?enbér ¥hd GbdM8on that
base sequence “of ol ynucl eot1 de that encodes

SL@HPOGPSatIEﬁ)r&-It@ﬁmM@ dgofrt 2f Bherkinrmtedp, (gpxexample, a

re&%&ﬁege&ﬁbﬁﬁé 1%h%h§n$ié¥ﬂ¥%§ PRA 1od tﬂﬁ%1a959§eﬁgdon and the
i nvention™) can desi gned and synt hesized on th

bagliikedf l%a%‘élfs?’é{}@ené@dl fHodratherncaie £IDRA e%&sense DNA

BNCoGeaded | ONQLL aadehgh mlr‘i:%dRﬁl&Qaﬁ- a?P%BtilQ&h%rtﬁ@ having
DNA is capable of s inhibiting the rep i cation or

expr 89BPSPIDHIOT RPoSECT 9% guhdoregprEefeTanlyy abphe 80% or more,

antcsensee ENA ANy LBSuP! feRty MBYENtHOR e fER %b%ht 95%
hybri di zi ng mnth an RNA transcribed fromthe SL

ger® [ARRA & the cpaPleventsayi ptrend miodbet )fUl]arRPSB

capaly,ened of'Hﬂebbhh?ﬂu&fééﬁiﬁatBﬁﬁ%f%ddya%%eﬁﬁtﬂg)ldyludlng
function io (translation into protein) of nMRNA

{ﬂﬂﬁﬁ§1¢ﬁ%oﬂaﬂgbﬁu#é@bb% of the antisense DNA of the
preggpii] i nvention is not particularly limted with
respect to the length thereof, as long as the

transl at SRAFIGICELEY G hesy bhei AUl Gts NoAnh B dlaggag is a

I esddbeOf ah Yt idleadt i Bifa Q:forr#:li@s 2R | S HSR s@&@enéé"e

target regl on may be the entire sequence or artlal
se FRBRSEMSALI e SkRRIRDE VAT iedBdeeT ST Fo tie base

Hhedqengtd fégle&@%denms@enéaﬁkti&ééﬁbheﬁ& @nd 4ishe 2

entire sequence of the nRNA or |n|t|al transcription

pr o/ &&E IfHt Dl’“hé“é@?o?agé?t 21858R7%} A 13y Por ey theggot,
haigRirBrhi90P, B 2888sbnsdan@- Poinpri ERRALSbade &ffhence

untransl ated region, translation
complementary to the base sequence or a portion thereof, and
the like can be mentioned. When the subject non-human mammal

25 1is a rat, an antisense DNA comprising a base sequence
complementary or substantially complementary to the base
sequence registered under GenBank accesgsion No. NM 031758
(VERSION: NM 031758.1, GI: 13928067) or a portion thereof,
preferably, an antisense DNA comprising a base segquence

30 complementary to the base sequence or a portion thereof, and
the like can be mentioned.
[0042]

An antisense DNA having a base sequence complementary

or substantially complementary to the base seguence of a

35 polynucleotide that encodes SLC-1 or a portion thereof
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initiation codon, protein coding region, ORF
translation stop codon, 3' end untransl ated region,
3" end palindrome region, or 3 end hairpin | oop of
the SLC-1 gene may be chosen as a 25 preferable target
region of the antisense DNA, but any other region in
the SLC.1 gene may al so be chosen as the target. For

exasreinafe L) PRf i 6P ehe gen@niayente PPeof the

t herebahgein¥ea@i@nr) R MY BREEgnéd RNy enssi INAAS the
the present invention 30 may be one that not on

hymsaﬁz% Rigeh seAEeRERATFrPAF LRI On B BHBCERRT isprodes

pr eduebdodr %e@'el’m&ﬁeﬁ nédchitt, t&ecH arskahiorona r:U;socapable of
proteln but also is capable of binding to the SLC1

gert@hbRi hPd WuBrRRI 154 HMTe @7 DRIPERS FOPNPA 'tFIPEF pil&€-1 gene.
st spedir{dd113},eheaBf NRAGR bAAI OPitHd pBSent invention is

transcription to RNA, 35 Alternatively, the antisense
DN&2BRLE P I Mybe i 17 1R ritliten 2 Aa§NA zga@écsa%efé hegorf §PAsSLC-1-

a_Ig¥Ae Riviriy id dnt 01 dNAdUGE sthepdad aialben %d?ua§§the of

0044] DNA t hat encodes a r|bozy capa fe of

[spéE‘PF]Pi:%\’rr}%/ the syRBRAHG tIRECRERRIINar e fiBDEELCSLC 1

10" (tBensMdicd ihea ﬁdﬂeqtnnoefp:amwct wi thin the coding
region (|nclud|ng t intron portion in the case of

t hel9%43] al transcrlptlon product) can al so be

enconpasged thRgbheraildnS 8RS endNh tAfsehBE DI &FeRhe present
inyention. One of the nost versatile ribozynmes is a io

sefPYERHIRN dg RRA PREHEIATLAF BRI VRRASTTRAFtasC the

Vi ﬂ@h@tl&mﬂuer‘ébﬁfvs@b dlor@n@st bge hararRNnheadnt yhe diger protein
halrp ; k%Pe and i ke are known. The hamrer head

e éﬁz?n’ée%&tl ot pybridiratignt o Ehsagasippnse

I eDgAh tidarget SrdPssi ba§ b tisPeGithireabiyuglrave Lhe
t arget . NA by maki ng several bases 15 at both ends

f 1 BAKT tsc?qﬂ-‘ﬁécﬁa TEVat FhAL FECHBRt Hoh PrABANt and

10thasBsngth et abduid NLGHEBE erEONHLRBBLAEYt | @ntiNehe entire
desired cle vage site of the nRNA. Because thls ty

of SSTFENF % RAS BAIA TRANAEIThe LSAFEELRE &0 [BEOgHFb SoT the

anloﬁ@@hﬂl oppécafivantigget ®é FToRMat haﬂi(pﬁf 1GRBONEC dMA6-
EVIded 20 that the SLC-1 nRNA assunes

BP e RALTaAEREAEE r Ut GPE b%?ra%selatter#erm% tZapaLAEn
Caﬁ]nbﬁlanﬁdﬂl t0d6e, SHritdle@nSto@AL ARy on|ISOMY tFaR¥bAt fon stop

rlei%HE ggrS§%§)ngfgkggngeggLA?NA’nggd palindrome region,
or 3’ end hairpin loop of the SLC-1 gene may be chosen as a
25 preferable target region of the antisense DNA, but any other
region in the SLC-1 gene may also be chosen as the target.
For example, the intron portion of the gene may alsoc be the
target regioen.
Furthermore, the antisense DNA of the present invention
30 may be one that not only hybridizes with the mRNA or initial
transcription product of SLC~1 to inhibit the translation
into protein, but also is capable of binding to the SLC-1
gene being a double-stranded DNA to form a triple strand

(triplex) and hence to inhibit the transcription to RNA,

35 Alternatively, the antisense DNA of the present invention may
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derived froma viral nucleic acid that can bind
specifically to RNA helicase [Proc. Natl. Acad. Sci.
USA, 98(10): 5572 25 5577 (2001)]. Furthernore, the

ri bozyme nmay be a hybrid ribozynme prepared by further
joining a sequence nodified fron1 the tRNA to pronote

the trans]ocation of e a tlon rod
cyt%oploagrnl:}fﬂueﬁ & ﬁc#’@’gpgs. : fg% '%’ﬁ%éitegradatlon
(2@@1LRNas&@. [ 0045] Herein, a doubl e stranded DNA
conzéﬁ%jjg of an oligo- RNA honol ogous to a parti al

seq (including the intron portion in the case of

t he | ni tA aBNA rtaascengddean apr dishitine icapabhe wbdipegifically

on of t i niti cr on. 3, r.oduct
51 2aBerhg ot RO, Pl L SseBrant R, ror Bt TR s
23 tmahlsedlpt:sﬂmlptredhait niithtar teei crtgiJRRjArégicFﬁ\IAomcaaﬁmg the
I b t h I, of the e ent
Ly BEEen Eon R BRE ek Gr Phari el iaaggADLon
| npebtiecencean Elab) be Wricohpaksed phe;rmenenemém theaf the
si RNA i s, introduced i t08ge{}1{%srqan 5 nmR

hongl ogous .

¢ o PPRECRA TR tagR ad e B ZrErbhe TIbRegics is a
ipl aels- ap&hdﬂn@ RNkefouﬂd1de.thf6c¢ﬂvﬁm0ﬂﬂnﬁnswwh5as viroid and
conf.irmed,t occur in_anjmal | Nat ure
21 ek 4, B S rrd Lo s Rk tmey and the
ut il ke eslra@skrawn , al ey hammuehéaeﬂuyipeuexmibzrﬂsbenypﬁe activity
si RNA ¢ e i ned gppro riate on t Si s
of w%aseaa%e%ue% § ??ﬁo bfal}cgelt r‘rﬁl\ﬁo%se’lbﬁﬁ ?
tasgetlﬂsaaMchcﬂneveluﬂd yaagatlmaﬂaeb@oﬁhkmngesdhergl bases

L Lrogen [.0046 e ntlse
151 PSP FRRTEURD 45 kon S s IGARE Brrtagp
be pbeparleu bka)sedemrtntmlmgat heqdam@et:ompqwrteryf 06 the
th gﬁ”ﬁﬁ or initial.tra |pt product t he basi
of Sea C lseéa(‘fﬁgﬁcséltor gseﬁ%m%ﬁ% é%%%uesnecg:%&]s EY_ fs
andibsyyndsisz bngy aRb@equsenhe mﬂ:mﬂrement ar yoﬂﬂ’emsehn

usi va| abl e
A%gg dprfgngﬁgéng eckarlr%%ac an(Jjc Fﬁno |(i<|.b?§; eﬁrondec’
2pnsbati the thie- lsmﬂnsmdsamtdmﬂﬂ%sbkalgdBdDNArocture per

ri Q%Zyﬁ?e q:%\@%%tcrggcgue% t?:e Igr omnD e g:al Qetsbie (ﬁxp ranged by

n-app opr a P KT dapt'er sequence
usedlm g dybird ddrileo 1A exepaa:ssi ¢y yechimg an RNA motif

derived from a viral nucleic acid that can bind specifically
to RNA helicase [Proc. Natl. Acad. Sci. USA, 98(10): 5572-

25 5577 (2001)]. Furthermore, the ribozyme mey be a hybrid
ribozyme prepared by further joining a sequence modified from
the tRNA to promote the translocation of the transcription
product to cytoplasm [Nucleic Acids Res., 29(13): 2780-2788
(2001)].

30 [o045]

Herein, a double-stranded DNA consisting of an oligo-

RNA homologous to a partial sequence (including the intron
portion in the case of the initial transcription product) in
the coding region of the mRNA or initial transcription

35 product of SLC~1 and a strand complementary thereto, what is
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that encodes the antisense oligo-RNA or ribozynme can
be 25 prepared. Exanpl es of expression vectors that
can be used preferably here include plasmds
anplified wth Escherichia coli, Bacillus subtilis,
or yeast, bacteriophages such as X phage,
retrOV|ruses such as Ml oney | eukem a virus, animl or

i nsEtkted AUSRT SRR 1as PR § A TGS RVA d BHEMNAL s 0B R AL IO be

w MiSad 3G PS4 dhei KDSadiih103GULRY | gtEsen@nNiint&rion. 1t
articul ar plasn1ds§&greferably pl asm ds

{1 OHiCESCRB: FER toak soBaRtiaLENAs e aiegenge (R, which

paris wbaehym@{ca}s&hds. &N FxAet s ChhBroduekl) APl cells, an
anlnal yi ruses preferabuﬁ¥retrOV|rus | entivirus)

PP erabreeuseanblre sy 15 Grerated Recuae A rigmatodes,

pr Oimie@ts$5p§éziﬁ:|% andt Bl@e SMAR ;eakh¥e pt[}QJH)bﬁénomenon was
cytonegal ovirus (CW) |ong 24 termnal repeat kk£6836)

RoUfE A BB Hat ¥ ialde E’P@Vj {"rﬂnlweas%ellr%dk’é Bewvit

(NMM-V)BB LTRJOQF]CJ 36RNA Hd 4 HebAdV) aélByf in¢ed; z8@rdY an
ter, Q%E mpt ers for, mammal i an constitutive

pro
pr ¢t PﬁnaEh%% ORique tF JAPQZYTRES ge FARNA oFRR &8 dpekgned as

QENHpTopk 08B &in +880bS ANIEbEER SENRIRIONRESMANGH B the
|Ik§ 0047]. A DNA expression vector that encodes a

ETE Ui CORRRL (1 AP ES LAY apahipinle software

cormi GIeNRRAY melshighér PfIrsliGrbgeARNA and the |ike) can
5 Eated by inserting a SLC-1 cDNA, io cloned by a
con Btébnal method, in the reverse direction, via an

appr opr i B dricikensd aﬂa@bebwAsszweﬁ%zyﬁgdoﬂsche present
uire gtream(ﬁ the pronmoter, Iin th

155 B f bop Rt B SEeRAAC DNBARGRTTANLNG BRA F2Eget sequence

encedeshsimiivh eaniket iepakadcbyptich peBahot @1y the basis of
synth Zi DNA t hat encodes a sense strand and a
PR CRIP SRS Gh Sottomaen SERepeaARC Rl Piidche g

t h@rynthaspz:am APREQREN A R oBIPERSSEDY tBeketo Il.ﬂil_r{gh@.
| system

si RNA ex Si ctor, one_having a Pol

or GOBPETC R 2daitabls TNE/RYA PEiEsazern (ABRl &hse.
don Bibeyatéms| Beekha?0 driCc@hpol akéng bheivaottanhg the
senseﬁﬁtrand an ,the antii,sense. strand are transcri bed

andVAATES AT 2B CHOTH o TRV NROGY Camozpee pAPETEgpyof the

i npephbbgr anithe emwssﬁloﬁgvacs@ﬂsen&t aanglp;aﬂfui)nalae linker
ant i strand_separ af ed engt h_bhase al | ow

R A e R B8 P ol oL ol Eahas S pg vectox

exaﬁBtEencodgs the antisense o0ligo-RNA or ribozyme can be

25 prepared. Examples of exbréssion vectors that can be used
preferably here include plasmids amplified with Escherichia
coli, Bacillus subtilis, or yeast, bacteriophages such as A
phage, retroviruses such as Moloney leukemia virus, animal or
insect viruses such as lentivirus, adeno-associated virus,

30 vaccinia virus and baculovirus, and the like. In particular,
plasmids (preferably plasmids from Escherichia coli, Bacillus
subtilis, or yeast, particularly plasmids from Escherichia
coli) and animal viruses (preferably retrovirus, lentivirus)
are preferable. Examples of promoters include virus promocter

35 such as the SV40 early promoter, cytomegalovirus (CMV) long
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25 about 15 to 25 bases) into an appropriate
expression vector. As the shRNA expression vector,

one having a Pot Ill system pronoter such as U6 or HI
can be used. In this case, the shRNA transcribed in
the animal cell incorporating the expression vector

forms a loop by itself, and is then 30 processed by an
endBRfEHARd &aRGHE diTder BAWS t¥ardomRevivng ofRBV) nhTRr guouse

si Ri\&ke%litaenr@mva&bamum% teralay BASAEM Aid ?%agma@ived

knockdown by RNAI by expressing a m croRNA

conPRiL mgompher siFNAPSenateRe fvai pgmndkl aracgastisihigre

a RolotldinSYshed st ehe fIbdtinS gERS SrdibtR P! PER &lne
showi ng ti Ssue 35 specific expression, tissue-specific

ki oRKAE Ve Il s 2l sranEfepssn | gene Prpooe] Fmst the like.
intq@%gqhng an expression vector conprising a DNA

t hat” encodes an anti sense RNA, si RNA, shRNA, or m RNA

of SLC- 3 BNRmxpreseépn, vectant Rbgtkenrsadasep denger pgddsense

as RPPr QRY a&smﬁ\féaorf@iﬁglé&gém%ohawﬁérf%eﬂeyngr;%gﬁd of SLC-1

exampl e, for |ntyoduct|on into an earl )I'yo suc
as ®BRWeppd| thedlidgy, crRebe rpxarsirgdeky i Urparsingdai SLC-1 cDNA,

ysesh orfe biNh r QN ABAE Dt Qe BIVESin CELd \rdR@sCaLELIN s on,
phosphate Co-precipitation nmethod, 10 el ectroporation
met' Wed 27 PpBFeRtIaNe Adpked, (dantew) r sequenteegSednas required,

et s t288H EGALHI RN TBLBOL, 1H Ghe! BiSrdd ARnTRLERL,,
particl e gun nmethod, DEAE-dextran nethod and the |ike

can [B848Lsed. Alternatively, when retrovirus, o
lentivirysadfdthea bike e eHe6defSsiRt@ “8AT1I9E \pidpalred by

soneti nes possible to 1s achi eve gene introduction
PortFRRERely P AGFAGNY e RNA tdat oeneafieasan| jeraprsfgand and

or AMNEStASE | enctdsCHh Lt Nk rddRe sePPiy 0 0 1A8btt Y then
to 2 days to infect the cells with the virus.

Regdtiér abi BRPEIPLiddey PURES S5 9o fPaRe ES 88| Fhe siRNA

(esd:plelsshBR N @for, f BHBARIVingPaS 88T (PISRAEA bR er such
honoz%%otes and the |ike 20 can be perforned as
dests YBelT abbe@nnehupedpeds £bif a9ee ianthmlangfaghgell

R 6SRRpbRYEMd Ahe LBOBOL, tHe 3eREETHIIGE GRROMLI®M s sense
t he expression vector conprisin DNA t hat encodes

a
an Sferdefst RRRSCIERRA, 2 Rm,eagsd 0¥ RORRAS §RNA5| CShRNA can
I s genprregueed Hyntiasaprt 83k | ekl ¥om@PfiAng a sense strand and

- an antisense strand separated by a length base allowing the
formation of an appropriate loop structure (for example,

25 about 15 to 25 bases) into an appropriate expressicn vector.
As the shRNA expression vector, one having a Pol III system
promoter such as U6 or Hl can be used. 1In this case, the
shRNA transcribed in the animal cell incorporating the
expression vector forms a loop by itself, and is then

30 processed by an endogenous enzyme dicer and the like to form
mature siRNA. Alternatively, it is also possible to achieve
knockdown by RNAL by expressing a microRNA {miRNA) comprising
the siRNA sequence being the target using a Pol II system
promoter. In this case, by a promoter showing tissue-

35 specific expression, tissue-specific knockdown is also
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non- human mammal bei ng the subject by m croinjection.

[ 0051] An early enbryo of the subject non-human nmamal
can be obtained by collecting an in vivo fertilized

egg obtained by 30 nmating a nale and fenal e non- hunan
mammal of the sane species, or by in vitro

fertilization of an ovum and spermatozoa collected
fréﬁ?élééﬂale and nmal e non- hunman manmmal of the same
spefoess] respectively. The age, rearing conditions and
the |i ke of the non- 35 human mammal used vary

dependi P oAARPHAFIRG AR 8EPTEIFiom FegkaRpFRIPLA§éRIaa DNA

nousat (eheddisahy an@i SEHLeL RER, a8 ANHD! @ARNA] I & MikENor sLC-
as C57BL/6J(B6) F1 of B6 and another inbred strain,

and £REC|13 KL 1 sauBRENCT knp¥n ppef evabiSe Ushatah FrpFaPEiate

at agboddirly (@ abeUtafyaieRls10f e aBflpBe MHE ahtAOQMtion
2 to_ 5 about 8 npnths of age be used, and that the

m ¢BEBe? ST LYaPRRFYS iGhngS i t Fert iddizgHt egmaddieof

abmhlbr&ﬂn:f&itrl&n(iﬁl@fhocﬁ&%mhgd 7100 18t By diQlonabREd ah Es
week 521 _Although the in vivo fertilization may

be B}lto &ﬁﬂah%@qﬁlﬁﬁa CorRRAGIGd tRE1oR arethell o

16 0BDEL S oMb radd Bh h&tdd,Nd i Bo SRR MRRhE4 NOFdMNRitkRs @
female non- hunan nannal to i nduce overovulatlon and

t heRE ARt 3%y "ERBOR e RIR 2ot L A MeidIosl, nBhCReFRIe GRdRRRe thod,

f opathicya rgl&ﬁsﬁeﬂﬁo@,dlmt:l-agxtiahﬁ rREhbQUSnE YHeL 1808 can be
obtalnln%a”t%:F ge nunber of early is enbryos froma

si AgFe velyy, WReR RSGTG Ve TP at 1K ivATug ardndhe

nomih@m weeBhs iy vexaBp| it a SBbhedihss fyRfigiabls

rising admnistering a follicle-stimulating
1 OPRBHES BEBGnSnE: G L8n e DYAIGEASL POAGBIRGE RbReyizus to

geaereddly abbreyisd egh as Eﬁ@iﬁ,an@n@ulﬁﬁfhﬁb|ﬂﬁ%ebﬁbﬁyéwbr
20 hfgq?ne (g% n chorlonlc onadotrogF hor none,

gehg Hedoatnh they cel b wikdmbhe, virus.
IﬂRé@&hﬁﬁa&QBﬁa$f 1ﬂﬁﬂﬁ@ﬂh@ﬂs&ﬂ§m¥@ﬁ Ebkes1 Pr@fs@h8bl éhment of
adm ni stration of the

Lﬂﬂé% §nd frequenci es of
ho AoH vaP?Sﬁ%‘ff‘en(éirﬁBaBﬁt%% ofpbemagyaffesiphgnd the like
2m0d:|a:hu-rm®em‘ﬁm‘.’tﬁéd d0deey R abtReNwi bie Npldmes 2% Ko
1S g2, mou rdﬁ%a@referabl_y, a nouse of an inbred
str%1W? Shchna £/ 637 BBY°"F1 of B6 and anot her
i noedo¥trai n, and
In a preferred embodiment, the expression vector
comprising a DNA that encodes an antisense RNA, siRNA, shRNA,
25 or miRNA of SIC-1 is introduced into an early embryo of a
non-human mammal being the subject by microinjection.
[o051]
An early embryo of the subject non-human mammal can be
obtained by collecting an in vivo fertilized egg cbtained by
30 mating a male and female non-human mammal of the same species,
or by in vitro fertilization of an ovum and spermatozoa
collected from a female and male non-human mammal of the same
species, respectively.
The age, rearing conditions and the like of the non-

35 human mammal used vary depending cn animal species; for
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the like), a method is preferable conprising
admnistering a follicle-stinulating hornone, then
adm ni stering a | uteinizing hornone about 48 hours
|ater, and imrediately 30 mating the fenal e nouse
with a male nouse to obtain a fertilized egg, wherein
the amount of the follicle-_ stinulating hornone
adnFFSIEr eHPER BRANSS20PFREUFRUY - 58 MIUFq odi o1 dirpred

prederakl yuahosd GIpWbings)y) dyabs B GndhenceREdRinEekd
t he | uteinizing hornone adm nistered is about 0 to 35

abothraid | erfnths i dds), 1pretetabtyiapetptayable that a female

IU/aimdalb‘bludual to a%?odt0@534eks°~fd§%ge| RS ofa18 gEV&Hbut 2 to
, a fenale non- human manmual confirnmed to have

&op%ﬂ%tte BORERR)iHaR9pl By seshi Aaei bhetafde Phee| bxeaised

| a@ﬂt@ro&baeﬂmg arift@r bi bizgsk ?gﬁ bsof esmRd 1br 98 Ss LR r
ovi duct, washed in a nmedium for oculture(eg,

MLEXFREdRun : Bk Fi0Qd WFt%téWtﬂédWE - BWV nedi um M2
medifggy2 W+ HEPES nedi um BWWV HEPES nedi um and t he
like) to remove cumilus oophorus cells, and cul tured

in 5% gaboRRUGR RSN dTiRa dErotdizatiedpAer LBy he
15 E-aRe6Uh thk @ gt Bode @il 1@ bRErd A eUBbinbr PN

m croinjection. If mcroinjection is not inmmediately

perdBiREECFHRE (3 PPPPAS BEPRIGy NOSTPRR t k] and§mBEe RQrpiFgan

undeimnhleedi NgiudRe bhersi @V RN OEn AT t i mdk i AQr @ Gemale
met hod and the like. [0059] @ 15 Meanwhile, in the case

of Withy Rt Pale dranTrEan; Bl . £6F| Pt @uEEPatl af iafjusting

horﬂmesaﬁduél dyuﬂ@l Bhal wmﬁﬁgng B4 Bye AAbLBL SEL£1L4140
a female n human nmanmmma or. e ection (the

col
BaffPIyoH Jﬁ°f? if ﬁl@gl?emlwl?aﬁ?on Ear dpgeetngoyutasyyn in

as alesanlbesornhmant fakmdc & oV skahp 08, aafnbenomsch
ova are 20_col l ected and cultured in a nediumfor

f eAGSERZ AP HO PP EE S 1ng TRAPIGEGRI RS P Fhigds LTt IewlpEAng

di axirfleh85% BddeRhREee by sdrite Fbes QR ieUhbtidhe,
met hod a like until in vitro fertilizatijon.
SeﬁsPSFafgy b syaaEad et FMEGFHT dRRd | Deme Aol RERITiZdmga

mlh@rmeﬁe hu{[ﬁa{hrﬁ’f&mho@ic R a8 FEoSRE HicRtioht Ny SATR 12§
th in vo feI‘SI|I2atI0n i S referabl¥?used) and

EPTht D af‘smggg i S2¥%0lf0%c PEAT precaPsTredisat a
medmgm:ﬁmsn 4 thel Z8ké ObreAbirebl & it REs0MN@f fddiRiencies of
pre%mhhygg}atlon of the hormones vary depending on the species
of the non-human mammal. For example, when the non-human

25 mammal is a mouse (preferably, a mouse of an inbred strain
such as C57BL/6J(B6), F: of B6 and another inbred strain, and
the like), a method is preferable comprising administering a
follicle-stimulating hormone, then administering a
luteinizing hormone about 48 hours later, and immediately

30 mating the female mouse with a male mouse to obtain a
fertilized egg, wherein the amount of the follicle~
stimulating hormone administered is about 20 to about 50
IU/individual, preferably about 30 IU/individual, and the
amount of the luteinizing hormone administered is about 0 to

35 about 10 IU/individual, preferably about 5 IU/individual.
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spermat ozoa are added to the mediumfor fertilization
containing the ova, and the ova are cultured in 5%
gaseous 30 carbon di oxi de/ 95% at nosphere by the

m crodrop culture nethod and the like, after which a
fertilized egg having two pronuclei is selected under

a mcroscope. If DNA mcroinjection is not

i me¥iatlely performed, the fertilized egg obtained

may be Hmkedsugnsies J aegingh yinkeheaskam retbadhibammammal

the ultrarapid nethod and the like. .28 [0055] , f

m EPBf hyRRd it8nPPRE o°qRe F 81t ¥i‘§a@&nség%%% aa@]ml“%m and

Eel‘tﬁ@rm;}da by aaﬁaﬁWﬁ{Miizaaal a nﬁéﬂfﬂ}dilusi:lngg@ KBJIT]EElﬁbkryd hfrom
nown evi ce suc s, a mcromani pul ator. Briefly, the

FOLhF| PEGNCYs BEENH aded PROL KoaPBEY SO e, S+ M8

fOEelag@ﬁanqaiEwamﬂﬁ:ta@&pinémm, W e !b@?@hedSiClllﬂg WM-

a holding pipette., and a sojuytion.js injecte

i PERER el ¢ RS, Pop bty 38 fhgnaikE, LY FehbVe

pr ebenald Yodphbeus hes 1Y, € apd opwicd 2ésl, iWSbRggaseous carbon

injectionjfipette. The introduced DNA i

: s _used
pr SR 8¥LHTA7 20 aEPPERNGTS RY hRgHMF RGP slaf%enﬁ‘ez‘:ée? and
denskt iy agitent pNAIdircaeent é¢fitgat | DO MiciingdBcbion is not
exchange resin col unm angathe

like. It is als

pr ePREAH e Wh RETE RS Gt LEett RS eo9; Cebketred paY be
adgapeed hyhdeit gka@z%mp b\yeeh@rs[%ugr téﬂie&ﬂ]?tjsdnﬂg:rﬂa ué_trarapid
restrjction endonucl ease. is 5 After introducing
t hBePRAS 3k ThErt1¥52ed egg is cultured in a medium
for[@idu]lyo culture in 5% gaseous carbon di oxide/ 95%
at nosphere by.the m crodrop cul ture.pethod and he
ipadisin ot PN BER N G L AR OL S ik P T
20 rohl £kt dtstisul s ahsp ihdihete tand ke lavednttimny hotreons are
of fepnl e ngn-hu n.mamal. for enbr éece tionllect' n
r e AGBI RS 1T e TR e GRAMRMA P & BRAI NS TRanSctte
mamaat ffoMe @Ebwydh irecdpbi ferndlidaa ianyisneraffertbey used)

ecies as, the ani ' e ear

onbey PTG Bt PARLHI GhBAUPS TETIVGR " 25510 ihpPEs are

2¥heplaedtats andathyt erdar a bSmédiams foantedt: ik zaftamal ¢e.g.,

| CBLI0MER, OB S L0k SR, S0 0L A0SR Bl oy

of theenllefddrgpact enmte meahod Uared temidke fortidntinygitro

re%%?%if!&ation. Separately, the cauda epididymidis is removed
from a male non-human mammal of the same species (the same as

25 with in vive fertilization is preferably used), and a
spermatozoa mass is collected and precultured in a medium for
fertilization. After completion of the preculture,
spermatozoa are added to the medium for fertilization
containing the ova, and the ova are cultured in 5% gaseous

30 carbon dioxide/95% atmosphere by the microdrop culture method
and the like, after which a fertilized egg having two
pronuclei is selected under a microscope. If DNA
microinjection is not immediately performed, the fertilized
egg obtained may be stored under freezing by the slow method

35 or the ultrarapid method and the like.
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pseudopregnant is, for exanple, a nethod conprising
mating 30 the female with a vasectom zed (vasol i gated)
mal e non- hunman manmal of the same species (for
exanple, in the case of a nopuse, with a male ICR
nouse (preferably about 2 nonths or nore of age)),
and seleftlng a female confirnmed to have a vagi na
plué [0057] 29 The femal e for enbryo reception

used maypire rone ol Agéct itas igvsl 8h&dr3RANE 380 YoanObe
hor none rel easi ng hor.none

one receivi luteinizin
getheé&gﬂﬂ? Q%we\ﬁoat’@at Apafhed usifdaRaFolRNLY known
t hefeeateadatini st ar fdcpomafigQ 0Bt NBriktlly A the fertilized
vasecto (vasol i male, to |nduce fertility.
i1 BLAGF (i 2L REE A e Hed e 107 enbryo cultlire is
[3.i§pmmhtaar§ﬂd-hHmEbtlliéa nekinkth Rid1diBgAbap&te L EnBHa pNa
des- G 10] - LH- RH, é? His inGl-LH—RH and
ﬁﬁ 1okt G st g6t i kBtC 1He maAsunt malery
Or panabBtOYU reliersely aLdmomtﬁtaemeeﬂa pduthend 0 dig an
of natlgg MAthe$5nale non- hug&n mammal after_the

adPHESEF R iR SF APy . dliSeABE RS WY RS hR CHRRd prefrEably

00 raa-flﬁléﬁaﬁelr['@imhly FouripsarpLei nM T it BenBofy pvRN ent
preferabl an | CR nouse, and t he

i E*g?raﬁn‘f%l%am T8 BPABT e2XHANILH EF it B WPy gRd the

be 1m&ted mi tils awml;ﬁcerfauam&&molthehdﬂb’@dlﬂfeuebm be

admi.ni stratian of, LHRH.or an anal qgue thereof;, the
n?dﬁ?a’éi‘“f_c,—lﬁﬁ BrRVaRCaA 8@‘6&”9%‘#%01‘*’“&8& PREtiGregsiag a

usuabtylé&xnﬁ ehQohocBéhsy.i ndi vi dual , preferably about

? 4#{Fhvidual. [0058) 20 UBuaIIy, if the early
lénb @ o be transplanted is in the norula stage or

after, tmeenbﬁymd@m@aﬁael PR edhleO fEhei 1 1My BggOisa

oTLE Ll SR YRS BMerld ATRER L B0 caron

1- debkldesﬂ%gaeatmospmaa&d byt age zerdxqasz EhEtlBﬂ‘éJmétha and

B R SR R TR A

2gi wahchuinbeirs mﬁadspﬁhﬁﬁaheto biee aitiiigcpSeHOyRGNaft 2 female

depe dﬁn on the d el opnent al e of the enbryo to

be tF anspiaAeagst é%%ﬁﬁPere??Pﬁﬁﬁg E582er S5t T8 RBuse,

a peowdieprmmaat at ﬂﬂ@ouémglé oAy hufk h efia@Q0 FoRgembryo
reception may be any cne of the same species as the animal
from which the early embryo to be transplanted is derived;

25 for example, when a mouse early embryo is transplanted, a
female ICR mouse (preferably about 8 to about 10 weeks of
age} and the like are preferably used. A known method of
rendering a female non-human mammal for embryo reception
pseudopregnant is, for example, a method comprising mating

30 the female with a vasectomized (vasoligated) male non-human
mammal of the same species (for example, in the case of a
mouse, with a male ICR mouse (preferably about 2 months or
more of age))}, and selecting a female confirmed to have a
vaginal plug.

35 [0057]
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30 pseudopregnant is preferable for the

transpl antation of a 2- cell stage enbryo, and a

femal e nouse at about. 2.5 days after becom ng
pseudopregnant is preferable for the transplantation

of a blastocystic enbryo. After the female for enbryo
reception is anesthetized (preferably, Avertin,

Nenbut al TRRdEemsle Heor| preryy eegspdion anselmmasl D8 drs= that

madgas tdﬁl@‘é@&ys;ﬁ&lﬁ%%leloﬁgly,?’%xo%)e ?Q ef‘@i gn?e%?]l%:lﬁlg

(about 5 to about 10 enbryos) in ensi
a n%RﬁWﬂ?Ff6?1%#ﬁﬁ%ﬂ)h?ﬁNPU@e(Qﬁﬂ§rﬁﬁincabhrevnamedhms LHRH) or

Vi cannidris18bué hen et bl n AU L NG et e LU .

or the uterine tube junction e uterine

U'si PSS tpMbeed el vagoflggaberbr yi& Ler ahs plrhtcat ifent i (06HA91
| f Rbeplieanspl @ eHRETREY d%g Lapi $as Ufsc%sﬁf LY Ang ry

the_enfryo reC|p|ent ema cones pred
nont &b Rdmmd P- bh@é-ﬁﬁfRﬂbehhbrélmgd b&-mpontaneous

delHiqBy 1 p¥] r@- ﬁﬁemi' éasgia@ th':e'P%¥° rg G ZLH?‘SWecThe

femal es that have deliv ontaneous are
t o TEHRF nek 1HREkIotngn afalagye phplsecaﬁ @dnaehweemu ,byind the

Raasak 88 HAGIORLthe RURS 16aD d
separatel pro&fdéd femal € fof h%%ﬁ}ﬁﬁgﬁ o?'mgiéﬁﬁle
n 3ERENES QﬁOntHérﬁndﬁasndangeﬂalEhanmpselastéfLﬁhﬁahonShuman

miﬁﬂaff@aﬂﬂd E@@' é)l@rﬁ A d p'i:ﬁfaﬁrﬁ% o% %@H%%{&%%lmﬁigd@ngse

the like)). (00 Transfer of
an (BRETSEARY RNAIC IR, agHRMe larkem,RNA of BLBE1lyin

t herkegtddiez Q@ta%gghéefelmaag RLRGE HeS n&%ggrﬁ I}Soat tﬁng.aLe mouse

the_introduced DNA w be present I'n
JePRPPhe! davssagper s%ﬂmﬂlété@ti@ off LHBH subjactanalogue

NOBhBLEH} mmhouW%@%ﬁRﬁroPOJn a%%éb?&é g4 Se%gDI\IA s

integrated in chronosone can erm ne
exaﬁ‘ﬁJr‘élSts‘-’éleéehF nlgslcafirlo'rr@bgwe D\AD §epnmremaada1

gféﬁgfﬁil%5a£6£%nJd“igyﬁhglggdggqe pup, by Southern

i di zation or resence of the targeting
vec n the gerniine ceIIs of the offspring

zéfon- hUI’THBuEBIWHf( E)N QQ:I:P}!' %@ﬁﬁ gg%é'&%ﬂsr%?a?‘fed is in

ghs that the targeting vector is present
Y ReStRIT Lrardtebnetlicc sobkys bf taldnspdianbéd tio the

th@te’iﬂsz@ESQ%@ﬁEleg%%r ahb A (Etkption; if the early embryo

is in a stage before the morula stage (for example, l-cell
stage to B-cell stage embryo), the embryo is transplanted to

25 the oviduct. The female for embryo reception is used as
appropriate after elapse of a given number of days after
becoming pseudopregnant depending on the developmental stage
of the embryc to be transplanted. For example, in the case
of a mouse, a female mouse at about 0.5 days after becoming

30 pseudopregnant is preferable for the transplantation of a 2-
cell stage embryo, and a female mouse at about 2.5 days after
becoming pseudopregnant is preferable for the transplantation
of a blastocystic embryo. After the female for embryo
recepticn 1s anesthetized (preferably, Avertin, Nembutal and

35 the like are used), an incision is made, the ovary is pulled
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Usual |y, FO aninmals are obtained as heterozygotes
havi ng the introduced DNA in either of the honol ogous
chronosones. Different FO individuals have the
introduced DNA inserted randomy on different
chronosones unl ess the 35 insertion is by honol ogous
reconbi nation. To obtain a 31 honpbzygote having the
t apgét | arfd \eacllor eppr Bt HaBPuf he th@bensgblsembryos) in

Ch%ﬁgpéﬁgﬁﬁh iana Fﬁé&ﬁﬂd“%hragﬂbny“HE1EG§QS&EH“fﬁje@@é@mﬂnto

are crossed to prepare an F1 animal, and heterozygous
si BhengEcitHdveof heriaRsioppeal estaniced DRA Yherdppheybe or

of thlaeu@e%.%mtgggujsumﬁm@% MR rB8eChOSS &G inkf at Pfpette

i ntroduce s integrated only at one gene Iocus

1/ dosf ey FXranppbdntatgpbai ned will be honpzygot es.

[oog gln anot her preferred enbodi nent with the use
Vi

to as the vector, as with the
above- delst thperansad agteRCembl ¥anligplanpet fisgesstully and

CORRE! ShsYS,d Q‘feﬁgﬁi&gt FerRak! Yo SHYY DrahnER Colon-Afman

non- human “mammal "W th a virus conprising a ‘DNA 't hat
endat®esl pupPsamiilldpe cotiiANed| IRR/SPOIRRAOUS rdaliRREBY of T

§L§aés§€€1 %ec‘E@Bﬁ' Ry o VDER: i I trehb 284l €@B8 havused

I's 15 preferable that the zone
paﬁp&evw%émé#qudm gret allowiddoi ANtigussuckling; if

CUkhEVALE O feOlel i $Ored B3V 8E04) O NGt BE eGEHeOPu%tJShn be

the virus vector, the fertilized egg is_ transplanted
t oseRkler kit sePatatalys PEPVaded e 1Ro Ao RuTHEKL 1At mhE®

fOpxeRbI 0 IPERR! Lok r@@ﬁ&eﬁoﬁ& & @%ﬁaﬂ@m&g@amtasusual
20 described above in the case of an ear| ¥% nbryo,

or
s haatieg tand Sedivgy | PrESRrARLEE tiemBdecItR RAyFeuRRH the
theipddjtion of a selection drug as described above
inthe case of an ES cell, and a cell i ncorporating
t hel®tlor is sel ected. [0062] 25 Furthernore, as

descri bed-4nR rk hes £r10eL 88k NgBa Oferiddte s Nak | 13lseAS AR,
of Sciences, USA (Proc. Natl. Acad. Sci. USA)

VOPLiBEA, hKNBZ09D-mFRgs 0 f26hE 1 al%ﬁélﬁné?ﬁbblrﬁ% egg cell

260kt 86t eds fdemrad B & HARN R Bk FRHTRK bﬁmchbedpresent
with a virus vector durlng co-cultivation with
A

sk
fedBeflbelf $hezgemntidte wRildR AP SPECAbt BYblH ¢h F8e subject
| NheLleehd N tRmkBe. $@RkALEesOUSt vhe OhtAdwle8 DNA is

infertile non-human manmal , an
integrated in chromosome DNA can be determined by, for
example, screening chromosome DNAs separated and extracted

25 from the tail of the pup, by Southern hybridization or PCR.
The presence of the targeting vector in the germline cells of
the offspring non-human mammal (Fp) obtained as described
above means that the targeting vector is present in all of
the germline cells and scmatic cells of all animals in the

3¢ subsequent generation (Fi).

Usually, Fy animals are obtained as heterozygotes
having the introduced DNA in either of the homologous
chromoscmes. Different Fy individuals have the introduced
DNA inserted randomly on different chromesomes unless the

35 insertion is by homologous recombination. To obtain a
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the male infertile non-human manmal is mated with a
femal e non-human manmal , whereby pups that are
hetero-Tg (+/-) for a DNA that encodes an anti sense
RNA, si RNA, shRNA, or m RNA of 35 SLC-1 can be
obtained efficiently. 32 [0063] The non-hunman mammal
deficient in the expression of the SLC-1 gene of the
pr eSECZYAQBAthas nHakhe Her Hasitilodi YREtarhanakeh i af ités:

5 (Horm1bgues d:0ndsbhsyl iy IFgvalind gh&cg%rf:—%s&@&&&c
test, (2) increased insulin sensitivity, (3

r esiafiandeate winssedyte\raPRIAChAYHFT an ik bt and( h)%tarozygous

smaldien 1whi t'@hefx%tofcﬁuflr%{ 4%e 2RLréPcRLORAL i@tcﬁqzher of the
i polysis™i o conpared h the corresponding wld-type

adi mafolygkese chykaaseypedayabe AbPsifsen e déftypduced DNA
| easts thS&%ﬁ%ﬂH'oﬂ@9|$U orURELE! Yodnowa /LG 1 O M) £ mat1s

(see Proceedi ngs of  the National = Acadeny of Sci efices,
USAoppréeed Nkt bachemomgotegss), 2002, vol . 99, p.

32401 ggéf and Endocrlnology (Endocrlnol ), 2002, 15

vol . 143 p. 2469-2477 [O Furt hernore, the

non- hunaniheneshescprasiesmed; ¢ﬂama@%pwe§@|ﬁh¢ gfset g a virus

SIOC ak 9RB&v&tdd1eaRr @Mttﬂe”‘é%{réﬂébé@%bkheca§&| d©OW"dnimals,

characteristics: 20 (i) accentuated spontaneous
mov énBRthesh CrpFdehng oniaspinenan ggrly gekrexsed ESoggll of a

fat nofdPuhdd 'ﬁaﬁageﬁfﬂ@%eq‘lﬁ}hgsgﬁnﬂﬁpﬁha LeM® that encodes
conpared with the corresponding wld-type aninal. -

The$® aphbitisep8Y¥RAags A shRNAoser GTlREBnQ%rﬁIrCoﬁaICEy be
publriegt YokOWNiwH&D aSLf@rJelh(Qzé@ Ce°gg 1Q069dq a@thaecbﬁfl Sit is

of these findings, is strongly suggested that
S crEchapAlbe matohlw o PREYuFIg he sRBeYed Fdor to

Pr oghesst f3h Of A8bSs idud 1398 thrahe)ies Esrpt&f}sp!femwﬂgg
30 foad intake, but also involved profoundly in the

exadBERSEITh Wish hecHsast SPeFabcaendarthlized egy is
sensichh¥piahteNebefd &vilkiier §XPies%is0Br 0€f #drs8Rt non-human

animal of the present invention can be
mammal for embryo reception rendered to be pseudopregnant as

20 described above in the case of an early embryo, or the
fertilized egg is continued to be cultured with the addition
of a selection drug as described above in the case of an ES
cell, and a cell incorporating the vector is selected.

[oo062]

25 Furthermore, as described in the Proceedings of the
National Academy of Sciences, USA (Proc. Natl. Acad. Sci.
USA), vol.98, pp. 13090-13095, 2001, a spermatogonium
collected from a male non-human mammal is infected with a
virus vector during ceo-cultivation with STO feeder cells,

3p after which the spermatogonium is injected into the
seminiferous tube of a male infertile non-human mammal, and
the male infertile non-human mammal is mated with a female
non-human mammal, whereby pups that are hetero-Tg (+/-) for a
DNA that enccdes an antisense RNA, siRNA, shRNA, or miRNA of

35 SLC-1 can be obtained efficiently.
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utilized for, for exanple, the elucidation of the
physi ol ogi cal functions of SLC-1 and the testing the
efficacy 35 of SLC-1 antagonist as a

prophyl actic/therapeutic drug for 33 these di seases
and the like, including the determnation of the
effe@to f] SLC-| deficiency on the pathol ogies of the
di seasesS"and the like, by being mated with various

di sease Thededn-animaml safpal tderilcaehy dbasid xR on of the

t 14 dj_ahet es _.s nodel anjnmals, or nodel animals for
aﬂo glr'ﬁE olsg’:eg?o ?cthcﬁ éfggsngbjd%"eed‘téé’ﬁnﬁﬁ? yehendrddayizg

r engdradierdesease nodel animals deficient in SLG 1.
[00 tion of the,living body of an

exp?@ssal @ﬁggéfllhg?oéﬁtmsggl%n}%% bPe%]a‘r“"é?JFeaé'-Oélé%W%efdéstr
abol® (ihoreesxedminsulit) senerilvitli ssue, organ and the
i kggt e.deficient_in the expression of the
SLC§331) 3‘3%2?%%%%%5% T |ORFSIEYSeYRR Yemighgfat diet,

t het¥ef rompallecuibtitieefapassiagedzas 4equi red, and the

ik used for the same purpose as that of
the(eé)]f5%@Bem]'Eilq:ek‘l'le l&%?f%?‘esnt ani mal

expr essi on- of the present
inrerprend wibharmpkesonfe gpreeide ng bk £1 PArvkieORs iR 1 t Nehese

RVINs1 f.th xpressi on-deficient animal of the
pr\eﬁse%tO : %segjtalvtgng%??%db TeBPYERS Audisags iheconventionally

pgr@@béag;y | knenn, SLG’&} ths suiee $ked ErdceeHURGL G Kﬂih@nﬁxtional
adrena . el ,,heact, 20 gastrointestina

tract , g%%gi %gﬁl%sé%?’ssuu% 2@5??0 dAcaRt sScigndSthe 2002,

| i Relde¥Ivad BR4M 325 amgaBadodifbllogy! NEAGSHELIRA .50 2002
Bavkng {he %xpagg%%ﬁﬂf an endogenous SLC-1 gene !
' ' d; "t he |

i nacti vat ed, L ron- human mamal deficient 25
in [Qﬂ:,64dxpressi on of the gene in the present

i nventi g fp ve e_or nore other_ gene | '
modi f i cat‘ironém{1 at’ 6?lcl%dﬁ?:% Hen gafpadrdefiifiens in the
cofP¥FRIoas ol theedige li pendiah tieCotes@et iMvietion has the

regi Al i0R l:ﬁ#@é/@éﬁ%% "A disease in which SLC 1

activity regulations 59°i nvol ved" is to be
2unéfel siGseatBSted CRCEpheeus anpasehnJaidtoxy@RhY consumption,

di peASeR eSSyl t)J‘ QM an abnormality in SLC-1
activity or resulting In an abnormality in SLC 1
actiddi)t ¢ dpereadsso pldeseabastian lebéth a prophyl actic

an@Uﬁﬁér@Begf%ﬁngﬂeccgigggéonding wild-type animal. These

phenotypes agree with those of conventionally publicly known
25 SLC-1 KO mice. ' S

[0065]

On the basis of these findings, it is strongly
suggested that SLC-1 may be not only involved in the onset
and progression of obesity and diabetes through promoting

30 food intake, but also involved profoundly in the exacerbation
of glucose tolerance/insulin sensitivity. Therefore, the
expression-deficient animal of the present invention can be
utilized for, for example, the elucidation of the
physiological functions of SILC-1 and the testing the efficacy

35 of SLC-~1 antagonist as a prophylactic/therapeutic drug for
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can be obtained by regulating SLC-1 activity. 35 For
exanpl e, di seases that can be prevented/treated by 34
inhibiting SLC-1 activity include obesity,

hyperlipem a, type |1 diabetes and conplications

t hereof (e.g., diabeti c neur opat hy, di abetic

ne eo at ggéagl abet Gl | nitis etcg, i nsul i noma,

net abol i ¢ synd?%rﬁ?c{ RE| Jd]f‘?rg %HSF%@@E‘S desREPERaien of

vvhetrlm refdret oo f rmmmfie::h@@f@r am)saﬁé %%o‘]@@?@é‘sof the
dis r cur,r, resent arteriosclerotic

di chf;s;égé ?f%r&oﬂhm}l r%’b Falatod aHich gAriawgydaease
pectatels anteakbr (a:larrtﬁlf:ﬁlﬁ]lp Rbe &t fhirl/ RCHPHE NBH&I1 abetes

I 0Si S rebral. enbolism aortic
anem}n&?{/grrskl%%rsu @rdfngg%]glaéﬁmﬁr]rs 1or fopifrdeerbeERtis disease

r efalsednsofrfidrclive g reobp tfdiGehMer Hd fiis@SSE eSS animals
POSteRCh o Egsteré%%lz acute coronary syndrone,
| I's

coronary arter ease, peripheral arterial
obs{o0ég) on and t he Ilke) neur oses (for exanple,

depr essi anxi e t he I|k and the like. 25
[ 0068] AhesrIgR 8 it ﬁwlé’ét‘ﬁc}?]%d i%fc PAdRxRIRSRigRadaEicient

er gen
di swasel pnniﬂreanaaaﬂssdmmagamabmrnakhﬁﬁlé n@an a cell,

en ene f. due to a spontaneous
nutqgtglgg%u “Ani ngl ghef a?rﬁ‘?ﬁ%&f&ﬂﬁ‘@t arfotther

geRspr&¥ K afi hhkssiEn @gnap R4 erpdogenpus geneg sather

th ene jnactivated (including Tg aninmals
ggé?ﬁgﬁe%r?gréefgr%Ssﬁ%ﬁ“ﬁf&grﬁeeﬁﬁssra@&ﬁcéﬂ ¥eued, and the

undékerctesl @lsp begisag e teyedarldy pArPEHE as tlhap(: of the
| Ke, as

e to insertion tation and the

if éf({,yggg in rog & %n a&flmﬁg %ﬁu Reo RZESERIA BiventirA.

t hBramplosdes nrébershiter @:on:zi_qsms aH ithedydvifipHIRAFNEE the
ne t ani_mal s porating a nutant

o SEb LA B0Es L R o D B0 5 cifpiogs L6p include
knewgaridissichses nﬁmlselpanhauamg Nieror faur€isNid)ekkgedeanl

t hat e the sane_or, simlar 30
ggﬂ%%%nlkggﬁgifﬁaasdelgseq?ﬁbwﬁ e§E8L 1 %%sﬁt\/l ty

2¢ egpttandiofessinahviolaced” ahd dnide, NODs k€ & MBKHhB0arR cells

. L 1, 1980), BB rat
? A - thegﬁgkeﬁﬁgggﬂﬁ %e? ‘%Wétég esReV ), %OI. 8Tange

[];'992] ob/ ob rmouse, db/db nouse (Humel L. et al.
SCIenceIanﬁdlEE%% tgaﬁg%i%gzlhe182§2e551§n of an endogencus
SLC-1 gene inactivated, the SLC-1 non-human mammal deficient
25 in the expre531on of the gene in the present invention. may
have one or more other gene modifications that produce the
same or similar condition as a disease in which SLC-1
activity regulation is involwved.
“A disease in which SLC-1 activity regulation is
30 involved” is to be understood as a concept encompassing not
only diseases resulting from an abnormality in SLC;l activity
or resulting in an abnormality in SLC-~1 activity, but also
diseases on which a prophylactic and/or therapeutic effect
can be obtained by regulating SLC-1 activity.
35 For example, diseases that can be prevented/treated by
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35 nouse, KKAY nouse, (K rat (Goto Y. et al., Tohoku

J. Exp. 35 Med., vol. 119, page 85, 1976), Zucker

fatty rat (Zucker L.M et al., Ann. NY Acad. Sci.

vol . 131, page 447, 1965), ZDF rat, OLETF rat (Kawano

K. et al., D abetes, vol. 41, page 1422, 1992) and

the |i ke as diabetes nellitus nodels, ob/ob s m ce,
dbAabikd g BKCruset iWkAYinpliude oheskéy, fhyrarligemia, type

L0r B8bedELGd" 8bmgd B nk! %ﬁeﬁe%fOQngt)’ JRdekse

VWHHL r abbits having nutation In ensi t
| | pepEeRahY . r éeépebxc (nephRppatpt ahiabetye, retlnltls etc.),

At RRERPLl DS hetakl 1c %%dﬁeas %f lulﬂﬁe) g
tal

(spontaneous m ce havi ng apok I Cl ency
Marstdhl ransz whyrednr qie orvaane Q&nﬁh@eafoatmenm}onpagéarlous

35315@@% arleDlzgn%gg-rém:li £é§%}g§a8%§5§§lgapogo§6& disease

din. Invest
moldser (@fa@ml&hu mHogaydiadt lafarctprcwn aNgiha pestadissci .

Uséeré/l?fal §RraPREEA 47éere?3%gg)hem POc éé%%f%hﬁ:ombosis,

apoB doubl e Tg nouse ow M J
Ac GfirebmiSembolybam, vemrtlglanm@esnmseorw@@ls@mmheon.

| e orn r )
A Sepmmedlipa s eaa e it

voPrt%Oq@dgéosgs. J@mPCRKremml§MRam FovonapH
19%’?}@& Roabgl Oag:'t%'rl).@ldl%aééag ergﬂ-lgeraqagﬁterlal

FLS rouse gg ~Lab. " Anim Sci .
vonS‘ZFQJCtGQQeaQ@chel drp) asn%lﬂfctﬁetsy (FPyepxamrdel,, dapygession,

CDeR¢ {4809 dauble- TG dY Gaal Loven e J. et al.
Xenot ranspl antation, vol. 5, pages 184-90, 1998) and

liruJQQQSJ as i schemc heart disease nodels. These
"di seaseoppdel éert@Ydoﬂg;fQEgLe{or%e’n enBRdhd | ﬁﬁﬁft‘&ﬂ@ous Pisease

are purchasable from for exanple, the Jackson
Labodet Ginymats haeindhianedPSpenald tandnt e ¢ndagengus cggne

eaghd Yedre dﬁ@e}gér§dspdi'§t'aﬂgo§s Viﬁlﬂat‘i%ﬁmi‘@%mals further
nodi fi cation technol ogy Qgﬁq{rhere IS no

patRFXHOFA L H %&ﬁf@w Sﬁn?heK éaispls 3mviimgr aduci ng

2ONEngdi® GERETo1dfAe tHRLi {ALATICOAS gbhati i deli vREQGUCE
the same or Simlar pathologic condlglon as a di sease

i nVSeEing Fegrnidrdionvberete ofeei erpyedtiogLGas begn

t hfed @RI €8SERNukefteeant Atk rx‘@gl@fylf)h@ R3CBY a gene
i nvention; exanples include (1) a "method conpfi sing

creRY TG LiAR At Bpriaserbion ditatdnn and e dfikpheas well
pr@§%ﬂitr'oﬁﬁ§9id>19rb@% 8ntisense DNA or a DNA that encodes a

25 neutrallzlng antibody), dominant negative mutant Tg animals
incorporating a mutant endogenous gene, and the like.
[0069]
Examples of known “disease models having one or more
other gene modifications that produce the same or similar
30 condition as a disease in which SLC-1 activity regulation is
involved” include NOD mice (Makinc S. et al., Exp. Anim., vol.
2%, page 1, 1980), BB rats {(Crisa L. et al., Diabetes Metab.
Rev.), vol. 8, page 4, 1992), ob/ob mouse, db/db mouse
(Hummel L. et al., Science, vol. 153, page 1127, 1966), KK
35 mouse, KKAY mouse, GK rat (Goto Y. et al., Tohoku J. Exp.
35



36 non- human mammual of the sanme species having one or

nore other gene nodifications that will produce the

same or simlar condition as a disease involved by

regul ation of the activity of SLC-1; (2) a nethod
conprising treating an early enbryo or 5 ES cell of a

non- human manmal havi ng one or nore ot her gene

nodi f¢dat ivods £hat praedB6e 19t6)sammciersfatdyarat (Zucker L.M.
condit ipn asya ﬁl{' olved b e ul ati

activity of SLC1 g 2 EQYabo‘sg déggfl r‘%g?hoggggd

i nacﬁti/ratC&EtTﬁeret(pﬂ@s@monKofet . endd)gbmmas $bC 14g,er1ﬁge

to opfai niag (3 et h orrp

i nt roduci ng g&% ag#g?ghlé hegr ﬂé‘#@tes 1Cc ‘g f%atOb/Ob
wi4 | misteod bé db hei eran&Komoss e |P‘a@ym.(hd,l ﬂnckeus ﬂatty rat, ZDF
di selaaste iRgekV I 0 the activity

SLC-1 int oggn%e’%r J%g f{o]&eo%SEgb BTy or%OdglﬁOnﬁéml‘rﬂ‘r?bblts
manmglaviag mgtampren@ogemodalﬁn;gi llgaﬁue:ueriaci:euqttaﬁ: bW.DLR) ;

th d t

e L AN, THL I okl TR, s
or sisFongeneewslinicenhavging dipsﬁaslefn.nlemm ohtStidn; Matsushima
agtiwi oy negul il onclg hdvelved,gre aCh'3%\éed%5’¥%) dRER XO

i ntroduci ng an exogenous ‘gene of U HoRA Farkt

t he MoEREg é hoyEbasdrie Sanelttéhle | ikeCaiml. drtvasgetivgl. 92, page
vectgys/ aq § e e r :
may be i nt %ﬁu%&jﬁqunﬁ %%e(o%dg%agrQsequénﬁgaf'fy" o5 Natl.
an é&ady 8abr \BPor vBS. c®3/ relgeaddwld 1993¢, nbumdrun®e A/human

manm@l.pt 9 [ K [ 0711 If_the
exg:%ssBl oﬁglgieéllﬂc?:gl gﬁ?%n&ﬁag]qogahfﬁe & e;leht EE%C Natl. Acad.
ity S oBSAs los9dd Padh 24360 sé&%@) rmx;ﬂetthaoml-lwrmn

Wanmbei?ilpéﬁ'ea %Q”Ert?ﬁlelcds%sie ggiggrﬁo&%.sor re Ot Iger(Herberg |

gene nodi fications uce e sae’o
condi-t PBA Galenagi Hehse Mertabwﬁmsm, Stad- 12&ctpa/qé 359, 1977), KK

r egubake Ofvd BP0k ethg ivhphS, ARSI rlﬁggz%to}ﬁzig Yolsy3. page

hornggot es be crosse or exanpl
crp33s ﬁg?saiho%%ygm@g fbese M.hat R3. deﬁahcl @ntimi nsci.,

tzhevo§Xp{§33§Ja%% Q%Bth 9y Cad efftﬁ]q.llggg%ﬁle@uand

(obesHy/th/[ﬁ |1 di abetés no
SLCCRPH CHAKKRRLSP-BL Qibe+/(CraK P.ak. &tpabbability of

1/ 23 Byt £4 R F1 JindEVvi
SLC 1(+-)X A g%%ggnSLc]‘f—Ol 3 ?A%ﬁil%éﬁoi(wlg% RRAythe like
i s 35 bythmedhgerh %&ﬁ@éﬁl tnq:qig/leof 1/ 8. Acquirenent of

homo- 37 These “disease models having other gene modifications”

25 are purchasable from, for example, the Jackson Laboratory of
the United States and the like, or can easily be prepared
using a well known gene modificaticn technology.

[o070]
There is no particular limitaticn on the method of

30 introducing cne or more other gene modifications that will
produce the same or similar pathologic condition as a disease
involved by regulation of the activity of SLC-1 into the
expression-deficient animal of the present invention;
examples include (1) a method comprising crossing the

35 expression-deficient animal of the present invention and a
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individuals in F3 and subsequent generations can be
achieved by crossing SLC 1(-/-) XKKAY and
SLC-1(-/-)XKK (hono- individuals are acquired at a
probability of 1/2). [00721 5 The expression
deficient animal of the present invention may have
under gone one or nore non-genetic, treatnents that h
pr GA0cBURR Mol ot K 194 ec%ﬂ%ﬂﬁsoﬁ?a’cién% Yi% E4sBOFR other
WhigeRe Shéailf iaati¥hi yrHLQW AL poducd RYel yaﬁla orAsimilar
non-genetic treatment" neans a, treatnment, that S not. .
io Cﬁ%éaﬁh‘é“ £5gen8ieRfig ilé’é(PiSﬁdiW tHeH ﬁB}%Tthfd%ge activity
nogfhenam merayak. me @ Honp r 06 1150 ek €Ad NENteRirly embryo or
include1 but are not limted. to, ., induction with grugs
Sucf a8 aurerabyRat MesEAL oREE I CHE ¥k TR ghoFapT dene
Ioli ﬁgdh@ﬁ@%liqtigﬂdécﬁﬁﬁﬂmuo%ndhé a«gsatrdflm@,r SXﬁ\EIa’Ig:conﬂfLEQSB as a
oads such as _UV, active _oxygen, ver,  an od.Ls
voSi8rars GRYOTFHRE TR LAR T e&a;vfﬁw%s%k—lf by
Pr eher abbye- RS crabéi seasediodel itmdingtenchorexpression of

ot her gene nodifications that wi]l p e the.sa or
o A PO SHOSb Ga1 GonBPLHOh HROARH: wideds () %

1ion¥h@|gb!6d dnmpra sk agul mtdcinc@hgt fige ant mvice yotHerSlgend"
an opesi

ty and/or type . |l diabetes nodel - -
paFPF& }%3%%PW§rEP§Fd%ﬁ¢'ErR Qeﬂﬂﬁégfmsaﬁfliﬁ§lla? condition
neaki anefkeARCORbNERY byt ReghLesEM o!fnvmatamVathqof SLC-1
L T
gL ghrten%nbgge?ec-éﬂﬁeﬁw &Eefam%é(?(fay m@ﬁ’@thoﬁhdescribed
i abet es nodel . non- human .. _. .
amaar e HHE (thegLPRei et PRS (5o TEXr EEAThPHF PRELfications
SL&hit gprsiudef thBesftiesantsimhyentdcoiihasntde f ailsensagin
characterj stics;, (1) elevated adi ponectin expression
o AL L
Q60 rgdycl 0JeRdgendiRV gene ad aAt ne, e
ener consunption. c %pig with the coLres oqgi g
o EEPTS Sl Ay SRS THE. Tdikanatee™ auar hon Tahed ) 2 PN
parhat shesdEsn ahbésexqy &3z on 9fRNFheay3be ganterddsiced
nornal . None qf theselﬁgﬁggﬁ¥ges have beef re Qrted

38 *aFF BAOH Ve BhvERH pHBTY &Py SRRoSLE01 O ES
cell of a wild type non-human mammal to obtain a KO/KD animal.
[0071]

If the expression deficient animal of the present

.25 invention is crossed with a disease model non-human mammal of
the same species having one or more other gene modifications
that produce the same or similar condition as a disease in
which SLC-1 activity regulation is involved, it is desirable
that homozygotes be crossed. For example, the F, cbtained by

30 crossing a homozygous mouse that is deficient in the
expression of the SLC-1 gene and a KKAY mouse (cbesity/type
II diabetes model) will be SLC-1(+/-)xKKAY or SLC-1(+/-)xKK
at a probability of 1/2. By crecssing the F, individuals of
SLC-1(+/-)xKKAY and SLC-1(+/-}xKK, SLC-1{~/-)xKKAY is

35 cbtained at a probability of 1/8. Acquirement of homo-
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deficient/obesity/type Il diabetes nodel mce (see

Di abetes, 2006, vol. 55, p. 725-733). [0074) s
Furthernore, the obesity and/or type Il diabetes node
non- human mammal that is deficient in the expression

of the SLC-1 gene of the present i nvention has the

foll ow n characteristics: % I ncr eased OXYgeNn _ 1ieved

coh’ S HnFx BDEi FYPSEWERF IUT A168E ©
CObY | &us@hgnert-evel/- ¢9ﬁn@raddmsL¢F1hehoeKKesmmmﬂrng

obesity and/or type Il diabetes

nmaiidtViteL e are r@%‘%p?gs@r dh p&PbgﬁefltE}f_é} ngﬁe i's
norpgliz] These phenotypes agree with those of
conventional |y publi cl

SLC- 1- dEPECPEMTSHEE @%ﬂ%ﬂﬁe*ﬁr prinal Q5 FEPeBT HBTR:

m ¢ovedtQ@AShay Afawd ahadrgbey end Brt hierobrsi-kgnanilé or
type Il diabetes nodel non-hunan

that i s.
doFF et nchee RARGESsTon Te PReSSELaE Geheibion ias 2
pr 8s£ddsd AKephi &N, sIeeNPas ety it I’:ret_;hEaﬁlibmarsr gapohdédg “A
obesity and/or type || diabetes no

neRPRTISARELE] hr He Sk pr BERFD P &Feﬁﬁ@e@% ﬁan%ﬁ?

@dbfﬁﬁﬁﬁg|anﬁ8ﬂ@rmﬁﬁﬂfi&at§oﬁfﬂﬁf&&&Gdub??ntsnﬁﬁFhﬂghy mammal .
ests at SLC-1 antagonj sts may have the_action
315 § such &rﬁ%@&f“FﬂgiJrJd‘tﬁ}élFFOnb% Fo nEh L hed tor
anrﬁ&hcﬂlra;elﬂ wr@huahxs;g%S sWeh ha © s tyr;.epaf;,t Ist:lrleaEI yoad4 such
visceral fat type obesit ¥ acc gnled at cel

glucore Joe

hyBEYEPRPE AEtorkRHy ent™S dASTEgn aFEgFnal

Pr evi&as 1dadpr OhEH ers of/, agtponreekiygeny ofkietri,oand blood
conprising an, SL nt agoni an antagonlst

IFSVE%S%hﬂéﬁéﬁb%np3§§§ S ngﬁ“@ﬁ?@ﬁiﬁ?@r activity",
and[goanfagoni st activity" refers to the property of
ot 0oL SR R e RS o e
ONotRéer Qi mbﬁiﬁﬁélﬁbheeﬂhétt‘levﬁat pyedfics mr@neambeor
PEELLYE RIS AEBLOBRI R o DR, B vea oy
Pl 1 betwe@mdthelaptwesrfoenm asnl o}:ﬂ%lttlyeand/or type
TR Gk RPN TRER TP AT con
bebe mentioned. Accordingly, the present invention also
provides an obesity and/or type II diabetes model non-human
mammal that is deficient in the expression of the SLC-1 gene
25 (preferably KKAY mouse).

The obesity and/or type II diabetes model non-human
mammal that is deficient in the expression of the SLC-1 gene
of the present invention has the following characteristics:
(1) elevated adiponectin expression,

30 (2) delayed onset of hyperglycemia,
(3) a lower blood glycohemoglobin level, and
(4) accentuated energy consumption
compared ﬁith the corresponding obesity and/or type II
diabetes model non-human mammal wherein the expression of the

35 gene is normal. None of these phenotypes have been reported
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defined as a concept that enconpasses both what is
call ed neutral antagonists and inverse agonists. 5
[0076] The pronoter of adi ponectin production of the
present invention, which conprises an SLC 1

ant agoni st, can be used for, for exanple, the
prevention and/or treatment of  hyperlipena, type |
di afetlegstnth cnRyeREaPRdhy PRELESEY (FB1D §LEXhnDl e,

di ahatiicg RepsRAlhY e v aPeldiGrReRE Rt cli a8 idiabetes,
reti nopathy and the Flke , I nsulin resistance

sy vol hydor ttend?en’/3Pancers, incl udi ng

i ns bbagp&, nmet abolic syndrome (including pathol ogic
conditi ons wherein one or nore of the aforenentioned

viar i ous BREEHSESTEr etRROROPELEHT PYAQE [5¥B8eht ydiabetes model

ar t el eSmnhe Mz 10i882Ses Qi eXBNMH &hadkApAEsE/n of the
i nfarction, ﬁgglna pectoris, cerebral infarctjon,

cer¥f-3 gependf riiggeresstteBnaent e iifssitde fetbPring

emid St P5E4i L. aneurysns, aortic dissociation,
nephrosclerosis, renal insufficiency, obstructive

ar t €r)i d8erepvrd LXYFE8t CPIUPFiPRst @Bfdsi s, acute

GO ONArY, SYBALAR HEBLANGS M iRickebtahe 1dHwAase,
peri pheral arterial obstruction and the |ike) and _the

| i keemparREnYTR this KosBRIRanAingophe3 it eRdiPast gre I

SL Gk AR A0RMST SionD6lHES mddtalalBe POEn the bkpiédedidmOof the
t he conpounds described in WO 01/21577, WO 01/ 829

82925,
VO Y-47gsme MDTPIMgs624hene PHeRYRSF1 8955 With tRose of

el sewheneicRRth § hRphikey EUwreXa0Pl ede SlcGeht /obesity/type II
ant agoni sts sel ected by the screeni ng nethods

Hestrassasi oD 0UC20725 and the |ike can al so be
useqoprgferably. 30 [0078] SLC-1 antagonists can, for
exanpl e, be used orally as tablets coated with ﬁﬁg%ﬁébetes

as requi PedStaEssabe¥e; eln fihes Obesd i FOMMEEI BPS

| i kfodedl n6Ah s M $RHmRAT eidterial b¥fifiedthanf @8 &kprdlsion of
I njection such as a sterile solution or 35 s

. uspensj.on
i n Wit SLCok FRR 1S thRaPTRRSAN ilBé{Fﬁ/l%cé’ﬁf“BBFg WFh the
bd b GesTBEA BN aBRRIISYSag@ib e ypeepar@lhttes model non-human
phar maceutjcal , preparations bej ng bl ended with a

P s by g
phyRagledgrbar $ir thec EpPEpFE arti 5rC 994 & G- Aent
fild@hponkebifl &pression is increased. This strongly suggests

that SLC-1 antagonists may have the action of promoting
adiponectin production in fat cells in animal individuals

25 with obesity, particularly with visceral fat type obesity
accompanied by fat cell hypertrophy.

Accordingly, the present invention also provides a
promoter of adiponectin production comprising an SLC-1
antagonist. Here, “an antagonist” is “a substance possessing

30 antagonist activity”, and “antagonist activity” refers to the
property of antagonistically binding to the ligand binding
site of SLC-1, but having almost no or totally ne influence
on the equilibrium between the active form and the inactive
form, or the property of binding to an optionally chosen site

35 of SLC-1 to shift the equilibrium between the active form and
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antiseptic, stabilizer, binder and the like, in a unit

dosage s formrequired for generally accepted

preparation design. The anmounts of active ingredients

in these preparations are chosen as appropriate in

consideration of the doses described below [00791
%gi npl es.of additives that can be bl ended in

tab"r $ractipe AU 285l IGWeTAnERedeOns ABRBFELTS Kedde.

gel Btdreforepr £ trinth onbd aAEARL h“@ﬂdarﬂ?eﬂgfbln@stf" ié &S be
ik £¥§talllne cel | ul ose, smellln ents |

cori%ﬁi hasg%lQRWQ?ptaFEﬂ§NQ9C°EBP85%ﬁKPQ WPPRelS called
| ubtdutaal Saht &foiTR@GREShE M Slf3kabonild SWeet eners |ike

sucrqose, .l actose or saccharin, flavoring agents |ike

ﬁépﬁ ﬁﬁht acanono oil or cherry, and the like. Wen

the for Wr&h@tpx(ﬁhoﬂaktof A dTpohedt CRARSK @ctiBE #PWMR: present
descrlb of materjal can further contain a

" AGREEGRY OO RGNBFL SR or SHaT] MRiAGeniFE can be used

corfmsl Ebprefip12) tREgstdvantean Heafdy wubatRent of
ordlgg%to an ordi nar procedure for pharmaceuti cal

YRGTLERT s tyPesHT iRpesers and rammligabhongtihegeof (for

ﬁulﬁ;&b&ﬁﬂ:@, | di zbetg i ﬁé@rd;ﬂak:@x ‘I\’aﬁfébétg.rc neBh86hd Yy, HiaBetic
naturall%Ei currlng ve etab e oil such as sesane oil
or *E5¢BR |and gl ' TRES R HRSISSROER ofvHdsome,

| nheptroMmsiorgxeaRbets ed M udsay i NBuliseheNi fetabolic

sol.utions c nﬁéynln% glucose and anot her aUX|I|ary
(f SYRERARI udhrd; Riholpoie nFRRdi tioas e ithiosei g more

andfthﬁe|a$&ﬁem@ﬂdlbﬁﬁﬂ|#$@&ou§”@1§§ﬁ&é%ea¥§egoﬁéhf¥gntly

combi nat | ropriate sol ubilizer, for
IéxgﬁﬁF%“t)a'n ar&FEbﬂ%‘FlEF’g’tg}c diseRiR )(fox prrRiomypcardial

(f dmf&matniﬂrﬁ, anpi opYpenergky cobreAlly ehbylenforf ¥eebbral
t he ionic surfactant (for exanple

POk aF a4t 5eRr P S8 SaRas LT danepes L atb NeT| Rartic

Theneutysﬂs,qubﬁtns &»@ﬁﬂ@hhﬁi@ﬂ khéﬁﬂio%@&@ﬂ@%i%' menal
soxbea oil and th i ke, and nay be used in

| na’ﬁ O\ hOI&S%’%}C&B Fi Qﬁ?e%lﬁ§oﬁéﬂzﬁ°s§eﬁ56at e

ZOrIeEmﬁnlesalachﬂé cdﬁdwarytBﬁhdﬂbm%quéoﬁ@%é&y(H}tEQEal
ection na for exanple

pufFEF R RREERCTb ASRhD OYRASHRED cHpe 1ike) and

sothbi¢ i bike dadnammaietdtt boédaly.
[o077]
Examples of SLC-1 antagonists include, but are not
25 limited to, the compounds described in WO 01/21577, WO
01/82925, WO 01/87834, WO 03/35624, WO 2004/072018 and
elsewhere, and the like. For example, SLC-1 antagonists
selected by the screening methods described in WO 00/40725
and the like can also be used preferably.
30 [0078]

SLC-1 antagonists can, for example, be used orally as
tablets coated with sugar as required, capsules, elixirs,
microcapsules and the like, or can be used parenterally in
the form of an injection such as a sterile solution or

35 suspension in water or another pharmaceutically acceptable
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5 solution and the like), a soothing agent (for
exanpl e, benzal koni um chl ori de, procaine
hydrochl oride and the like), a stabilizer (for
exanpl e, human serum al bum n, pol yethyl ene glycol and
the like), a preservative (for exanple, benzyl

hol , . phenol and the like), an antioxidant and the

al c
i keI THist Tnans M HIRBH 8E pr &PuPst PERPRF XD AsephpEmaceutical

usuﬁkégbfdﬂﬂoﬁa by BEinAPREARE Al HABPAHYSiolldd@8411y
Because th reparation thus obtained is safe and of

| oWt TR F Tt b eERt T S1%réd Fll9Tor VERARPT e,

rml’mﬁtllzfselﬁl(:f ost@(ﬂr!me&,, PURGNS .anldatfe TGS, iBURNERt dosage
gg rabbits, sheep, g bovi nes, horses, cats,
dbgES TR EeAntP T 1eNErRE]Y JRCentedcPTIRAF 348 EPedesign. The

SLGadowtefd GireReyive iefgfreqt évies 11l ehe¥atpiparkB€ons are

adi ponectin | evel when obesity is present. That is,

ani MFFhas vFBB’é‘P%“\ﬁchle‘é%fisﬁfierﬁéFPPc‘Eﬁ e‘r‘rhleydﬂ/??% deseribed
vi sieerad. 20 fat type obesity acconpani ed by fat cell

hyp tro? adi ponectin production/secretion in fat

cell suppressed if SLC-1 activity is inhibited,

the adi paresbids lFvabdifivdd apaR AW dilandensy tfa%rlets,
recover On the other hand, in_ aningal individuals

wi tFRRAIG5e8PEythe Heke irchidebindery hikogedativase

i N eshrpepeeh] Nt RHRHEeEhOMS R aONFi Bk d Neke crystalline
adlggg %ﬁln | evel].  does not rise even if SLC-1 is

del OSPneP Rt Or@d EHEN LT ondteFOBPS R Funget fiin, alginic

pr ogitict @@ ©he tTike,PLaBENEari RV @AkeORagVdanGl Btadrate 1
active ingredient, |s preferably

ant a Ist IS n
B TLERPEn 1o RUCABSYe. ACaRFoBY SEGHARIAY  PATARRS
t heaaditponeréi ;se;i;@\tﬁllndecam@ betass e-Hfrrypbgsd tﬁhe llke .

par |cuI rly visceral fat pe obesi t cconpani ed

ot i) 1Py BRTRE Gyl | HEZF RE. 3 [ GARSDY.C- TRES (o

t heleSlcdgibeant ggo RIS hh€e gl alg ckar ifastBSr deperdhng pqudltale

tar et dls?ag subject of admnjistration, 42 route

of acﬁﬁlﬁlrs 55 1 0h CAAdOF nEAY i k8 SPerilex SAPPRSLtiP fer

masiejef-taoal cadmenitsrnalatos faeeokaedd RNanobrdimhet es
of adi ponectin, the

e RIS Laver | sugl o adiponect Dy Lhe o,

0. buspehainhoint ==t100 sfhstpmekerabl ywalieue liletwnter for

ab%%&egglgg,<£P%¢ng£3£§{f¥ﬂéécurring vegetable 0il such as
sesame oil or coconut oil,

25 [oo080]

The aqueous solution for injection is exemplified by
saline, isotonic solutions containing glucose and another
auxiliary (for example, D-sorbitol, D-mannitel, sodium
chloride and the like) and the like, and may be used in

30 combination with an appropriate solubilizer, for example, an
alcohol (e.g., ethanol), a polyalcohol (for example,
propylene glycel, polyethylene glycol and the like), a non-
ionic surfactant (for example, Polysorbate 80™, HCO-50 and
the like) and the like. The oily liguid is exemplified by

35 sesame oil, soybean oil and the like, and may be used in

41



about 1.0 to about 20 ng, per day. In the case of
parenteral adm nistration, the dose of the

antagoni stic drug varies depending on the subject of
adm ni stration, target disease and the |ike; for
exanple, in the case of adm nistration as io an
injection to an adult émelghlng 60 kg) for treatnent

of cHRdFetdsn et pusoltRbhiFesy SHED | Bhdrenzdy pepgoate or

adiponsat bNcondNe HOSE, |t5heaaquéo@s %lh@l@boﬂir 3G j@trion may
preferably about 0.1 to about 20 nor.e preferably

abdtft PrIL Bt ItEP105RE, SR edad. b‘i“?fetrﬁé‘gsﬁ%?réEt f5¢
adnd;nirgl1eat pRAspimtd BORF&MIBY udRbAR socﬂ;&maacaﬁ@wtbuffer

converted per 60 kg of body weight can
Fdnf i epegnd [mg}kei n 3 FPOFBRTi ?ﬂ‘?“&n gpr  peample,

pr asaita1apRk ik %Hl@%adbhgpr&ﬁﬁﬁé afdPasaeriasi 89d aHddl ike),
and the |like are denoted in 20 accordance wth t

e
| u@@qaea EBFT Qo AXBHP S 0 AWEAT C 3P TUINGHEHEE Bt @&Y&thﬂeme

%i}%&omntl?é)qg&ebp ir’tﬁre@fetrvaglﬁ@'pd@?c ekBRpEOf Ryl
ol |l ows. DNA :deoxyribonucleic acid cDNA

C o?ﬂrﬂoé’ﬁént Bh§nQfe aRPr FhRntidiedirc 2AcRRFLE AANE o3Rd, e Fike-

id hy @5 e alARirBBar bt i &Y RebAEeRNS ‘UsuRODYCERilkd in an
acid 30 nRNA : nessenger ribonucleic acid dATP

déH%VéEEﬁBE?ﬁ%“FW@Bhosphate dTTP : deoxyt hyni di ne
trlqﬂggppate dGTP : deoxyguanosi ne triphosphate dCTP

: deoxycyti di ne trlphosphate 35 ATP :adenosi pe
tri phospRaseISes tﬁsmresémﬂl@ﬁe‘am?n%@é{*ﬁiat%ﬁacf adhg °f

SDS swleeasyh 6901 TS HI balfunfdnd stELyg 1115 fkAex&hpiy N@ammals

s Val :valine Leu :1|eucine

15 (for example, humans, rats, mice, guinea pigs, rabbits, sheep,
pigs, bovines, horses, cats, dogs, monkeys and the like). As
described above, SLC-1 deficiency 1s effective in elevating
the adiponectin level when obesity is present. That is, in
animal individuals with obesity, particularly with visceral

20 fat type obesity accompanied by fat cell hypertrophy,
adiponectin production/secretion in fat cells is suppressed;
if SLC~1 activity is inhibited, the adiponectin level in
plasma shows a tendency for recovery. On the other hand, in
animal individuals without obesity, there is essentially no

25 decrease in adiponectin productién/secretion, and the
adiponectin level does not rise even if SLC-1 is deleted.
Therefore, the promoter of adiponectin production of the
present invention, wherein an SLC~1 antagonist is an active
ingredient, is preferably administered to the akove-described

30 mammal having the adiponectin level decreased because of
obesity, particularly visceral fat type obesity accompanied
by fat cell hypertrophy and the like.
[o082]

The dose of the SLC-1 antagonistic drug wvaries

35 depending on the target disease, subject of administration,
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Ile :isoleucine Ser :serine Thr :threonine 10 Cys
:cysteine Met :nmethionine du :glutamc acid Asp
caspartic acid Lys :lysine 15 Arg :arginine H s
chistidine Phe :phenylalanine Tyr rtyrosine Trp
tryptophan 20 Pro :proline Asn asparaglne

:gl.ut | utanj c aC| th rou

o5 Gyute ﬁy$§%¥8ﬁ3¥a o0 ARy Fhgr S ﬁﬁr ﬁﬁ%%@* @Fﬁhﬁhe

TC cashki azodnredu reimd 0 Ryt cariox ok dergriment bExargeas)s 30
r esent descri bed

| EGERRT B RBARELEY THEH PP S SRARPFEC AT Ghe asual
Whidolsaghofey ein adube [WeieiiingN60 Skqlevier abbit t@dl mg to about
LOUE o3 % ERLS L n P BTl L
t arapeuiny. v eet abo(El £ mglAbe‘ﬁaSaj@f epar eﬂe hyasd @# Pgrenteral
o2t Bhe G nd PR 1% S 2
exmﬂpﬁnﬂiﬁgﬂdﬁathet@quEtﬂﬂUIRhgﬁiniiﬂiai105 target disease
RS SO AR AL Bl econ
fepraadbis e thiyonl ewi apnaddangivetghinqred kepl 86t Ngrddt@ert of
tr% gegbranill%ggogcégmpanylng lower level of adiponectin,
the dose is about 0.01 to about 30 mg, preferably about 0.1
to about 20 mg, more preferably about 0.1 to about 10 mg, per
day. If the subject of administration is a non-human animal,
15 an amount converted per 60 kg of body weight can be
administered.
[o083]
In the description of the present application, the
codes of bases, amino acids and the like are denoted in
20 accordance with the IUPAC-IUB Commission on Biochemical
Nomenclature or by the common codes in the art. Examples
thereof are as follows,
DNA :deoxyribonucleic acid

cDNA :complementary deoxyribonucleic acid

25 A :adenine
T :thymine
G :guanine
C :cytosine
RNA :ribonucleic acid

30 mRNA :messenger ribonucleic acid
dATP :deoxyadenosine triphosphate
dTTP :deoxythymidine triphosphate
dGTP :deoxyguanosine triphosphate
dCTP :deoxycytidine triphosphate

35 ATP :adenosine triphosphate
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exon 2 with the neonycin resi stance gene. The
targeting vector was |inearized by Notl cleavage, and
el ectroporated io into 129SvEv nouse-derived ES cell
AB2. 2 (produced by Lexicon Cenetics) using a gene

pul ser (produced by Bio-Rad), after which the cells
wer eg$Mbj € 0...sel.ection culture with the

neomyci n é%%ﬁgb%%edéfﬁn?%?%r FEEE 5y 2t 6% con Geneti cs) .
Fr omfDH 80 :detiesylofoddu@4dBl fasd st ant | i ne, genomi ¢ DNA
was 4-§, ext, ; PCR screening was perforned using
th (%E% pr %g%f§%5'-CTAAAGCGCATGCTCCAGAC—S': SEQ I D
NO Bla n théamgomycin resistance gene (neo) sequence
and fhe M mer (5'- ATATCAGGTATTAGAGIGAC 3': SEQ
I NélZ) Ng:%g%ﬁc(eé sequence outside of the 3' arm and
14 Hewol ogderscireconbi nant strains were 20 sel ect ed.
Fur ther mggso&q%g_@ec DNA extracted from each

honol ogous™ r econbi nant strain was cleaved with

Hi ndleirl , :Seutrdeern hybridi zati on was perfornmed using a
pro out sj t; 3" arm and a 3.5-kbp fragnment from
the%\;\/ﬁ d f%/%geoar\lﬁ&%a 1.5-kbp fragment froma
HWom$lyS§gouscystedmiei nant strain were 25 identified. Each
honmgj.@gou ,93? [.pant strain was mcro- injected into
a bl gst ocis;lg% 0 @25&7&/ 6J nouse to acquire a

ger flbne nelwtaghicnecid nouse. The gernmline nale

chi ggFi c .1m 18nd.a,femal e C57BL/ 6J nouse were mated
to obtain offspring pups, and the genotypes thereof
wer éyéet erkisied by 30 performing PCR with a DNA

£xt g@gt ed:Jer%@tihge tail as the tenplate, using the

NELl pfinmer | € neo gene sequence (5'-

CCGETF CCATPEETGAGSGG- 3' : SEQ I D NO 3), the MCL9 primer
in d regi on

(5'?FCI§ZTTC§F% G3: SEQID NO4) and the
MC13ypri mgrydosinke 3' arm (5 35 :

TAT'T"J(;B'GT . 31 SEQID NO5). The presence or
absence 45 e expression of the SLC-1 gene in the

2pup8rvas :R¥elénai ned by performng reverse

trapseri ptisonsp ith the reverse transcription
product of S?)otraﬁﬁﬁ% extracted fromthe whole brain

usi AR | SOEENtepineiuced by Ni ppon Gene) as the 5

tenptat e, . NSl - pri mer
(5%woﬂ%§%ﬁsé\r%g?3' . SEQ ID N0 6) and MC29
priter (5MeTHATGWAGRAGAGAGCCCAC-3': SEQ |ID NO 7)

2Pl aged ingth ldﬁ&}ped exon 2 region, on the basis of

the anplifiabiliTty of the nRNA-derived 0.43-kbp band
wasBu ibutyl group

Ph :phenyl group

TC :thiazolidine-4 (R) -carboxamide group

[Examples]
so [o084]

The present invention is hereinafter described in
detail by means of the following examples, to which, however,
the invention is never limited.

[0085]
35 Example 1 Preparation of mice deficient in the SLC-1 gene
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identified (FIG 1B). 10 Fromthe individual resulting
fromcrossing of the ES cell-derived 129SvEv strain

and the C57BL/6J strain used for mating, a

non-congeni ¢ strain was prepared. Separately, the

non- congeni ¢ strain was back-crossed to a C57BL/6J

mouse for 4 generations by the speed congeni ¢ nethod,

af ter whieh Rlapsidor§ehTA-%tqoapnistrd i dpdoediny vector (FIG.

si bll'Arjnggtﬂ)fkqgareujog§6al:l<§im@']%kvgtg Prepanab QBanfragment

i ndi vidual s resultin bridi zati on of KKAY
or r@&mﬁréélw@a@cmnhbmﬁ r@elsﬁcﬁb%tl (gsnojnifi BRA 29(_1;1d|3;7t 0.87-

cr oﬁ%nﬁof‘f‘loﬂ-gflgzhé exIPUS & ARA8LP e +eANEeSRE ANEhe 37
a KKAY nouse, SLC-1 hetero-deficient (+/-) mce

i ﬁcé‘r"ﬁ@r‘-’ﬂ@’?l@te%@%éﬂnt?}% tdendf i errbawbr%uﬁamofretap@ctlvelyf
KKA\éh@Hun?ﬁtchdMnEDHﬁ@m Wo Ipﬂ@ H%ér@jlerB%produced by Lexicon

|ntercrOSS|ng each nouse strain
[ KKRENSEE=a) ~+/3RF rﬁRl@E@Ql(thﬁ+7] tpanprembrane / r4gipmuoé the

25 shbai E‘Sw:{mx/eshgbﬂcfn )re55§é§1lx{e r/e )]Tﬁl@rt%f):getlng

acquired. [0087] Exanple 3 Gene properties o
SLCVECLPT )Wah clénSEQli%d-/bBD Nﬂtéechwas@@- apd/ e}eqfinpporated

VBT & nk Bdi ¥d Skl Wusée@éﬁd.rel&qﬂgrcéff B9 (L PO ?y Lexicon

12-hour lighting cycle at a 30 roomtenperature o
241€EeRABLES hwildgt § $ensFRUsEE o hpBrdiasks b f BigRadiheafter

f ethH§ﬁdtﬂ@%eqaso%g£@a§%j®c€5d(&E s?eleclloﬁo/&l}f ref (v@gfu the
fat, 346.8 kcal/1 %4ngo uced C ea "Japan), or

hi gRePBYCHR eatnaéeﬁtlau (M§§PF%@I hmtlteérlcenoserr%tu@@m From
frogphate1 4646 akeal 4 1%1951:519(:02'}&959‘1 ofrh €2nARAR) -

35 Body wei ght was neasured from 8:00 am on the .
IpeErFFRF ]ty FCRABCHTOIASh W eRe T IRpmetoBaingit igiee NES primer

weekby-tROthdotcakec¥esncateas U 86 AN ONVEL tigfk HRomycin
daily calorific intake per 100 g of body wei ght u3|ng

t he TEEL BRARAS GR1LOFREN ) SEVRRER| 3nd b6 MEHE apalmeg) (R -
cal @TAfctmG@mﬁG@éTcﬁmds (keab/ 190Gy bedyr yel &Jaueﬁcé JPutside

/7 (d X For bl ood paraneters, orbltal bl ood
drafih CRfdEr 238 i a4 oHf MOBMLBIVES HACETPARARE strains vere

hepaelsizard brepthe AW, Ngetdtde: ORACEYEAM- Y Prufmond,

SC|ent|f|c Conpany) at 127 weeks of age and 21 weeks
Ba%ol%ﬂﬂﬂlsweea%lr(m SEREM "B Ra VPR odide dipgIII,
l:UJ Bolthd 9y hivb) diddd Ay «aki gesrdRRy G5EM; a probe outside

the 3’ arm, and a 3.5-kbp fragment from the wild type and a
1.5-kbp fragment from a homolecgous recombinant strain were .

z5 identified. Each homdlogbus recombinant strain was micro-
injected into a blastocyst of a C57BL/6J mouse to acquire a
germline male chimeric mouse. The germline male chimeric
mouse and a female C57BL?6J mouse were mated to obtain
offspring pups, and the genotypes thereof were determined by

30 performing PCR with a DNA extracted from the tail as the
template, using the NE1l primer in the neo gene sequence (5'-
CCGCTTCCATTGCTCAGCGG-3/: SEQ ID NO:3), the MCl9 primer in the
deleted exon 2 region (5’ -GCTTGGTGCTGTCGGTGAAG-3': SEQ ID
NO:4) and the MCl4 primer in the 3" arm (5'-

35 TATTCTGTCAAGGGGATC~3': SEQ ID NO:5). The presence or absence
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lo System produced by Fuji Photo Filn), total

chol esterol (DRI- CHEM System produced by Fuji Photo
Film, insulin (Levis Insulin Kit, produced by

Shi bayagi ), leptin (produced by nouse leptin kit,
Genzymne- Techne), and nonesterified fatty acids (NEFA,
NEFA C- Test Wako, produced by Wako Pure Chem cal 1s

| ndaét Fhl%sgxnrﬁssmarmf vidiee ShEak urang. iRefhe diuRy bedy

wei gggerﬁﬂf‘edskg ﬂaérfogmlrﬂg(:?ev&fg@g:r gsc%ﬁﬁc}dl%CR with the

SLC-1(+/+) mce, 1 n the ordinar gr oup
t hr 58HHOIR ttﬂﬁl@Séxp@tiqmwaFiu@érq’foGO(tatl BNA cﬁmawﬁéﬂsfrom the

of X n e
of @gﬁi? hbeldalggﬁggq fzgoda(??‘e%g‘?%ﬁgﬁd? klﬁsér{ %%EE as _the

shrakpEplafeongiBg welek 1086 RYyEmey P& @@TC@@A@A@@@@@GWC 37:
agerd iGN - a @rM@bag lpselfnedea mq?mmé@@d&%&e:ﬁana : SEQ

i ncrease was observed mce Int .
or dfRal¥§: di elageduin tki‘@t dabetrd faxodnéeragtorobor e basis of

bet yeemdidie ftl\ABliprprfthE]e]g?QA etlg.%eg' 8y {akpdbgha was

group 25 (data not i nt ake as
cor t@enteififesy (BB@y 1Blei ght was hi gher in the

G 1(- /'ﬁkoﬁlEﬁe'fh&yviguéferégﬁy ﬁ&yfr?&‘grogggng 5¥1the ES

fat diet rousé] . Regar
par @fret e ived LARSHYWishapyn dind t@ﬁo@é”@l%@@éaln used for

trighy I@eaonte&@&erﬁ%ols@ﬂﬁ; Qas gggﬁsfé%@ fé&ﬁé{:ﬂ%ﬂﬁ the

showed no di fference between the
andn‘?fh‘éxS’IQGan pryaimivas Lagk-guRssedptPm WBﬁaﬁwlm@pse for

|eV@'ééﬂ¥¥3%1§hgnﬁ§'éﬁgﬂébgedléﬁ%ﬂénlg hbencd Caktek-dhich a
mce. In the high fat diet group, the same t endency

&5 FPRIGYIE R&Fyieli s prepprodPoldblied nytiagie 1). 35
[00%81X04 +1l mMmOo 4-1 N + + bi mo +1
4

vitomO4-4Oroit t C -Pro
Example 2 Preparation of individuals resulting from

hybridization of KKAY mice or KK mice and SLC-1 homo-
deficient (-/-) mice

20 By crossing an SLC-1(~/-) mouse made to be congenic and
a KKAY mouse, SLC-1 hetero-deficient (+/-) mice incorporating
50% of the genetic background of the KKAY mouse or KK mouse
were acquired. By intercrossing each, SLC-1 wild (+/+) mouse
strains [KKAY/SLC-1(+/+}), KK/SLC-1(+/+)] and SLC-1(-/-) mouse

25 strains [KKAY/SLC-1(-/-), KK/SLC-1(-/-)] were acquired.
[o087]
Example 3 General properties of SLC-1{-/-) mice _

SLC-1(+/+) mice and SILC-1(-/-) mice were individually

reared under the conditions of a 12-hour lighting cycle at a

30 room temperature of 2411°C and a humidity of 55+5% from 5
weeks of age. The feed used was an ordinary diet (CE-2,
11.6% kcal from fat, 346.8 kcal/100 g, produced by Clea
Japan), or a high fat diet containing unsalted butter (40.7%
kcal from fat, 464.6 kcal/100 g, produced by Clea Japan).

35 Body weight was measured from 8:00 am on the specified days
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ro WMCN Vr ON
+1 +1 a) t"~ UUN
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m
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H
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o) aOE f%?hr weRkN tfer food indyake,\Nwepk}wp fQodwipfake)was
ro feadhired, and converted to daily calorific intake per 100 g

10

15

20

25

30

35

of body weight using the calculation formula of weekly food
intake (g) x calorific value of food (kcal/1l00 g)/body weight
{(g)/7 (day). For blood parameters, orbital blood was drawn
under satiaticn from 8:00 am using a heparinized bleood
drawing tube (produced by Drummond Scientific Company) at 12 -
weeks of age and 21 weeks of age, and glucose (DRI-CHEM
System, produced by Fuji Photo Film), triglycerides (DRI-CHEM
System, produced by Fuji Photo Film}, total cholesterol (DRI-
CHEM System, produced by Fuji Photo Film)}, insulin (Levis
Insulin Kit, produced by Shibayagi), leptin (prdduced by
mouse leptin kit, Genzyme—Techne), and nonesterified fatty
acids (NEFA, NEFA C-Test Wako, produced by Wako Pure Chemical
Industries) in plasma were measured.

Regarding body weight, the SLC-1(-/-) mice, compared
with the SLC-1(+/+) mice, in the ordinary diet group,
throughout the experimental period {at 5 to 20 weeks of age),
did not exhibit a significant difference, but in the high fat
diet group, the body weight was smaller beyond 6 weeks of age
(P<0.01, at 8 weeks of age) (FIG. 2A). For daily food intake
(kcal/day), an increase was observed in the SLC-1({-/-) mice
in the ordinary diet group, but no difference was observed
between the twe types of mice in the high fat diet group
(data not published). Foocd intake as corrected for body
weight was higher in the SLC-1(-/-) mice in both the ordinary
diet and high fat diet groups (FIG. 2B). Regarding plasma
parameters, in the Qrdinary diet group, glucose,
triglycerides, total cholesterol, and free fatty acids showed
no difference between the SLC-1(+/+) mice and the SLC-1(-/-)
mice, but the leptin and insulin levels were significantly
lower in the SLC-1(-/-) mice. In the high fat diet group,
the same tendency as the ordinary diet group was cbserved
(Table 1).

[ooB8]
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VO Ov - mw Qroma) -K 01 > C3$4 0 C+1 N"
N.C-d) UpLO © NUUroCa) o>@> Hw.~i f 3
Or-ga) 0) vat+t r-i 0-HO M4 a0)i ma) Ti H$4 0
a) HCH-ri EUHHA4f - H~ 0 [00891 Exanple 4
Adi pose tissue of SLC-1(-/-) mce Body fat

percent ages, adi pose tissue weights, and white fat
cell sizes were neasured at 12 to 14 weeks of age. The
s body fat perc¢entages were neasured under Nemnbut al
anest hesi a {byjdoubl e-energy X-ray absopptionetry
(DEXA, QDR-4500a Rat Whol e Body V8. %aui produced by
HOLOG C). The, ¢di pose tisspe Iwej ght Masl neasured on
retroperitoreal v grl edi tal Omg}sentéﬁ’r g perirenal,
and subcut arn JSq Aguk nal pordii gnis for $£z0 white

adi pose ti sS d on heai rﬁerscapLﬂ um for brown

adi pose tisg Aite fat @eld Sijze wasSneasured as
described Rhelow.| Fat cells were prefaréd in )
accordance Wi h the nethod of Rodbeld (Rodbell, M
(1964) Met al sm of isolatedfat cetlg. |. Effects
of hornones gl ucose metabab i sim an 1% lipolysis. J.
Bi ol . Chem 9:3;373 3BOJR  Af tcr Xt i ipafion, nouse
peri genigp al AdiPo&e i sBud was Fhoedded on

par chmeg»t F: © [atid Aad&ed.i 1t o8 Kr eb3mR| nger

bi car bomat e Jﬁf er sol ution @ontai nih1gs3% BSA

(Al bum m, bqvine |serum fractionV fafty acid-free,
produce& by <0 |Pure Chem cal 20 gustries) and

0. 075% ol | agepasje type | (producled % “\Wor t hi ngt on

Bi ochenijcal )|, aftler which a 95% Q2 /o gas was

bl own i &t o the|gas_phase, andthe | was shaken at
37C, 120 st <es/r_ﬂ1 eIt & fdr C;’>5c;nn nut-esa The suspended

fat cel s mmgﬂmh
— |—|

£ &%t% c&ﬁﬁD

éf-c?g 508 &
<3

(e}

SLC-1¢

\-EO

Ordinary diet gr@ug' ‘%

SLC~1(+/+)
triglycerides, tota

18519
9944
114%11
540
0.2040.03
410

Plasma parameters in SL
each SLC-1{+/+).

(mg/dl)
(mEqg/1)
P<0.01 vs.

Total cholestercl (mg/dl)

*
4

Glucose (mg/dl)
P<0.05;

Free fatty acids

Leptin (ng/ml)
Insulin (ng/ml)

Triglycerides

I

Male mice were used. Glucose,
acids were measured at 12 weeks of age, and insuli

Table 1
*
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were filtered through neshed cloth, and tissue
fragments were 25 renoved. After the filtrate was
allowed to stand, the liquid |ayer was renoved, and
the fat cell layer was washed with a Krebs-Ri nger

bi car bonate buffer solution containing 1% BSA (15 to
20 31A 3btines. After suspending, the fat cel
susp8R8%bn was nmounted on a siliconized glass slide,

antE4hot 004 aRhigdsatti3zua FRUNIG-Ni(Rg-y atieeof 200 fol d
under an_inverted m croscope, ,and the dianeters of the .
cel | s wePRINERSUPREFILaRPS caifiPose 1sbfsue FhEants, and white
Shcfaﬁ__( cﬁi% sfﬁlz?% wbed hleiaﬁufélﬁ_a%r dp 3&5 qudiw]g_takgr@?agland The

t ig at diet group, exhibit significantly |ower |,
faﬁt?é’éf Ik Fiﬁf&?nfi%fgesp FE%n‘E‘%?g‘Sélrﬁg H‘é‘ﬂeg‘r AERREEDY aPﬁé’\cAﬁeﬂa
DEXA weubDs-dnkabl ex-3y2 hoshagakabBgy adiHIas eQbR-S1500a Rat
wei ght's, a_decreasing tendency or 49 a sjgnificant
dedFed8eBod% VEh<bs v RFOAHCPR N0 FRFPFeal TRRIIF5GERSe tissue
ti SEUght PRdd GRAELBEd ¥ RPESEoYdrisbRea NETRALGEATANI t €

adi pose. tjssue,  and .interscapul ar brown adi pose .

ti ENERT G n@eTbFhaTar §0di P YEBRRCUD IRt HRRL portions for
i firerensei dineaies Y, € afid COH HhieC RS IHagal uf OFYH bir6ws

for jnduction of qgbesity by high fat diet |oading X
an@4RES et Gt eof Wé‘c}itﬁogaet t‘ieééu%%eec‘ﬁaéa@%%sum% as “described

Si @HlblCarfalty call Aller aBpEd=088Nin dRedhned UdithJthe method

2ot Sahe e BUPE AoOHReAThRRRE oot (IS s

ti ssueswas. fgacts cmbbymemd loar gl @foded mbbabdlieml and--)

2 SBpethIBaL o AL, KB ahall Conckd i Depgion,

di efouser psfieghivel wHitabb@iphse $0sid whs) shfedddd 6n U

ICoIpisz:lir.E::Iglvmga;'fT .rpa%ff:' 3&@% \légd%f)i V{qrﬁogﬁ Igre'\l'las'.'—_Rlingeé_| b%%a?:%oxllgte
buffer solution g¢ontaining 3% BSA (Albumin, bovine serum,
fraction V, fatty acid-free, produced by Wako Pure Chemical

20 Industries) and 0.075% collagenase type I (produced by
Worthington Biochemical)}, after which a 25% 0, - 5% CO; gas was
blewn into the gas phase, and the liquid was shaken at 37°C,
120 strokes/minute for 35 minutes. The suspended fat cells
were filtered through meshed cloth, and tissue fragments were

25 removed. After the filtrate was allowed to stand, the liquid
layer was removed, and the fat cell layer was washed with a
Krebs-Ringer bicarbonate buffer solution containing 1% BSA (15
to 20 ml) 3 times. After suspending, the fat cell suspension
was mounted on a siliconized glass slide, and photographed at

30 a magnifying rate of 200 fold under an inverted microscope,
and the diameters of the cells were measured (cell count 2 180).

The SLC-1(-/-) mice, both in the ordinary diet group and

the high fat diet group, exhibited significantly lower values
of body fat percentage as determined by the DEXA method (Table

35 Z2). Regarding adipose tissue weights, a decreasing tendency or
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ordinary diet group, but this difference became more
5 conspicuous under conditions for induction of obesity by high
fat diet loading, and the weight of adipose tissue decreased
significantly at all measurement sites including perirenal and
subcutaneous adipose tissue (Table 2). The fat cell size for
perigenital white adipose tissue was significantly smaller for
1¢ the SLC-1(-/-) mice, compared with the SLC-1(+/+) mice, in
both groups loaded with the ordinary diet or the high fat diet,
respectively (Table 2).
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[00911 Exanple 5 Energy consunption by SLC 1(-/-)

m ce Spontaneous novement was nmeasured at 12 weeks of

age, using an infrared behavi or anal yzer

(ABEY&3dn8. 04, s NeuroSci ence). The nmeasurenents were

t alkeanpDs 2 pHlay§y addrelumpele byasLofl (Hidermszt i ati on.

Movenent  changes of 0.5 seconds _or re upg e

and t he TREQGPIEOURMOVERSHN 25 MBAR " Sa geé\ffwgﬁ ? gt St

COURtAgi 4h hJﬂlErbfécgfﬁehﬁhaGE aalgaek (Heayeterhi3.D4, days.

Oxyge onsu was_ measur Il ,api el

150){‘%\3 %%’ﬁr? r're ri %S‘%ryénfaegng("?mgel a?ﬁf%&o@%@?aﬂer

Mirseehthitidd kaddr SaadhtiouseMomsnegpitackahgeas afi 0.5 seconds

ai rtight chanmber [.150W x 50

e A5 PO TS e T, Pefp 0F el Bd bk

0. 5z=acnuss Lfar mhéoa:omshmurshe Bréghb@ess pd dayxkdphasel of 2

al | oned. | ls& | nd1

S Bies atrrt Eheppafidl aal e & SASLE Al

tohenetygkism ceaseningmisieher Umodel CHEROR 08RG d dur OmaChl
conaeni 1 at N Va3 TSI mo X YASBw
co%%n% |0Eg?’§/(§use Vggghlg%gnpﬁ%n or c%?ekjon di OX|Lgi *
enmis®Pon SPEOAmmN] / rAndl/ 1e r@aswemmt&:a’le@glm@ py an air
mul &yl h GERYL diyf f &iaNcerhal Weelss 2Q food
heftlloﬁs%[%l%ggtnfdso%to@l 4 ?ﬁ %e} chanber by the ai rs? | ow
rataeld Hﬁtﬁm@ﬁﬁeéll&wqdo oBteaiaAr aWasalsgErped gy dngide and

ﬂo%%%ls%%jyth\@e'cﬂmuber %%Pﬂ(r[‘?tnﬁﬁ%tgé‘ois S ) \&\@Sthe oxygen
cal cul at ed usi n%%the calculation formula of carbon

di swiPgenErAtsSnoRt | \EDZRFBRY ER*E8RsTARFENERA T {d}) Fneach

r eslihh$e WRlE r2 RO S nV@bH&%npfthbnt h’ﬁ)»ﬁoﬁm’r&dﬂoo g BW)
25 the bright phase or dark hase 2 C1(-/-) mce
SOt SABRRTS %ve%rﬂm%éO%cb&%uaPefaun }/O%ﬂo/oBWh i

darde1Bh8s€ad ajdmated Hauiﬁﬂldbﬁcéﬁ®%ﬁﬁiﬁh WeSference between
accent uat ed by 36% 3\"\}2 F]_fym?en con rrg %rsl .
ndhEadRefdss iEGA; ?‘F"c%‘ﬁtel §fi e GORTPHE B it gﬂt Phas8Wahy©
dardaaphaseeddadGro36b @B al Ralle ;reﬁs pooag o5y mpueki Body weight.
which reflects the rretabollc r fof thet% "ﬁ%oftlon
nutSsBAFRE Y Fa BRIt ES) ¥ Ea: ﬁ'é ategh #stig, cahguta

di fdemens & ivas robs efiead dé dathias sioh thjzl) sbvefhen consumption

(VO;). The results were shown as mean values for the countg in

25 the bright phase or dark phase. '

In SLC-1(-/-) mice, spontaneous movement was accentuated
by 37% in the dark phase, and daily cumulative movement was
accentuated by 36% (FIG. 3A). Oxygen consumption increased
significantly in both the bright phase and dark phase (FIG.

30 3B). In the respiratory quotient, which reflects the metabolic
ratio of the three major nutrients (carbohydrates, proteins,
and lipids), no difference was observed (data not published).

[0092]
Example 6 Glucose tolerance test and insulin tolerance test on

35 SLC-1(-/~) mice
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[ 00921 Exanple 6 d ucose tolerance test and insulin
tol erance test on 3s SLC-1(-/-) mce 52 A glucose
tol erance test was performed by the nmethod described
bel ow. Specifically, mce reared under |oading with
an ordinary diet or a high fat diet were fasted for 20

hours, after which. gl ucose ﬁ(fba % g was adm ni stered
oral Iy, Andr¥oSepFeHr Lot iindyas qQFZeAgPy the method
hepiesicaiized Haload dpawi pgedlile mic&! adaeed mady l]lBH@jftd; with

Sci entific Co f
o o5t et A S hn S el vk dassd b 20 Rours,
DRIaf.(ﬁlelEMaLSyat @rtucEqu} i {(IPhgk®) Ridsnhdmiel dtesuli md]ﬂ\yel and
duced by Shib
G al PP v8s or PROTFTTS cobeparna bl ARy tupe
permbuededbybg I“ID&umbﬂmD(Bc1dEBi:fid3€m>mbehpW after elapse of 0, 5,
G figal i d

P Y: B fed TBREPar " 0he ' GRINSBE LN} (BRogpped by
hOLmQI CHHﬁthprst‘ad'ui chujingubte KilmySahd kigisupindieed lyouse
N NEES B PBEARIA'BY, LOLESRES) ' (1RSH R ek sured.
or bi taI b codudds trlawanos i tegtawa s garfiomingeé doo | thedmethod

dr%@sggiﬂg (J.B Od %giPJYcalQ'lgé cde rég Scrl]tLtrBJﬁ% @mng with

Conpany ucose pl-asma
Syﬁnenrdpteudu dedt wr EUJhtLglPrﬁa‘co dEet menﬁaiam Urceed 20 Amours,

t |
20 “SERE WERS RSGEL HEL 5 X ARE R Al RSBy e RS
belFyparma S fhdedtad 1ntea>erzéapeglammderAftm|eﬂgp$\m¢f &, 15,
h gara fab ddn%t 1zwer5ﬁnft%§t e&éﬁr 291515&%5 gﬁ% yabigh, a

m xed qw insulin produced by Novo
Norhﬁpékl )loctélctr@@seg(@beg/(kgodwaﬁdbyearww@ko

Pu fs%lgi@mﬁabo}nﬁ%t r 'a%é) the F&‘lﬂé@@é '1%%351& 19Q, gk 9 }bﬁﬁ—CHEM
produced by Sigha Al‘dri ch), ﬁlmoprano ol (5 ny/kg,

pr GYGERH IRFOSIERE- tm ) & HBcs TALTI st BPaaured.
subcut angouslsy i Af 1ei sBOn and 49 %M@Sstﬂ@%ﬂa@ﬁa glucose:

bl ood gl ucose level and insulin | evel becane

2t SEFBMEEERODr Bre RerIprved Madhareihodadasehidesl hebew

| esplkc{ DRY1CHEM RS trefre 3 Qirfdle@d VS L8 oY whibh | a PRQKOfat diet
Flbg%Fand |nsuI|n | evel (nouse insulin k|t produced

bSRHGES) TPR H ASHES neAiEeReBRifte@ miked Jigdpt of
ar ensivi @s uprgn p/z@idti@@d flar N800 Mdndiek BR&EkmE), glucose (3

gykﬁ pggéugg é@ %ePéég %%gggg%f(¥%%ug%r3§%)%egpfnéghrlne

ag o)

25 (100 ug/kg, produced by Sigma-Aldrich)}, and propranclol (5
mg/kg, producéd by Sigma-Aldrich) was administered
subcutaneously. After 50 and 75 minutes, when the blood
glucose level and insulin level became stationary, orbital
blood was drawn, and the glucocse level {DRI-CHEM System,

30 produced by Fujli Pheto Film) and insulin level (mouse insulin
kit, produced by Shibayagi) in plasma were measured. The
results are shown as mean values for 50 minutes and 75 minutes.

In the glucose tolerance test at 16 weeks of age, no

difference in the plasma glucose levels before and after

35 glucose loading was observed in the SLC-1(-/-) mice, compared
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difference in the plasma glucose | evels before and
after 35 glucose | oadi ng was observed in the
SLC-1(-/-) mce, conpared 53 with the SLC 1(+/ +)
mce, in both the ordinary diet group and the high
fat diet group, but the plasnma insulin |evel was kept

| OW FI&E‘ 1%]‘9(} ])(ai-z]gynﬁs l I En J]tﬁx ﬁ:hgl 5:%11\9@ yhtﬂ:g&e'érb and

t he- e Insulin tol erancetes
ttlﬁel h\nlgbkﬁat)fdlagegrcmm bSLC‘;hI_E( phaymyigsuléprnieddwas kept

'%%FSL&Q(E{I#) A48 gxhihistedy L onen gNat Li%stﬁé sLC-

Iasna glucose after mnistration of insalin (FIG
4B)(/Furmhe¢nnre to clarify the changes during

; oadi ng 1, Wi a0k gh d At dhel tact g8tat Qet¥a! é@ta%e, the

Insulin resistance in 1o peripheral tissue (SS
mm)(—was ieref, ocomk red  FHthetdles SEFE-1 elye) lrlhcqm@xhlblted

&%§Péa%u5@ %%MEQQWYg@@c%é hadiRe Shkinlictrddidd @€ insulin

evel s significantly | ower under
cohﬂﬁc’u &R} - t Farthelipreet tRroldrddyaths Fhapespt ¢uyrng loading

?g“)é 93{'&1 ﬂtaﬁﬁgt ' rhSl%leBB td B hat &ViRlsul bh Czes‘l@):ance in

anpl e sis in SLCG1(-/-) mce Afk
1texm¢1r1;péne;rﬁg Hﬂ%@eﬂ%?ﬂg m%é??”géﬁst EPIWﬁ"teé‘ ki poygeks of

tig e YRscpashedi Wi aikee REQIwitCARHOSI-Q (+/+) mice,
buft sol ution containing 2% BSA (Al bum n, gﬂylne

seiﬂmnssrP@aé@wn wgs STAFIALEGnEEY &Of'*reéeun%ro&ae igyps that

Vak o3 RighepEbamecal 4l pelisihekes)  steady senle passhalivedlin
Each tissue section was deprived of excess water, and

t heFPRAdi gRueL atfdGineksed in 1 mM of a Krebs-Ri nger
101 qapleepat e buffer solution containing epinephrine at

vari ous concentrations Q.03, 0.1, 0.3 25
poFFATP LSy 8dﬁh%calyﬁ'§rss+@n‘3&ci&|12 ? i’h)ml{rﬁd 2% BSA. A 95% 02

- 5% CO?AftlaSems:pbtmm ulnheetmmaseptmataammrdae adipose

gqui d was shaken at troke
oBrEEHeARaE, "SR AR charPP SR b URRE S e
r eashitdonl bontlniNGF2e @SReghlindkion, pomﬂmme@rmby Mglcgion Vv,
Pu Chem.cal | ndustri e e sur )
2 h%a?teya&.cﬁ\g; %ﬁe% Pﬁofhﬁe 8 %%ﬁ egﬁ%%%%rl ;A%{@%{%es) ’
whaed aehenrtsdidseti paaysi 51savees sactiom watsedemived of
SLC m ce, are F)imh C £
(P%C%Sf) w)a r’dﬁr\‘de%g%ewel ngh %‘sd:ti\?ﬂe%g ectl V\l/(relg% Itﬁ‘ heé% o
gr Ermss-(RFih@er Ficarbosa)e buffer solution containing

epinephrine at various concentratiqns (0, 0.01, 0.03, 0.1, 0.3

25 ug/ml, produced by Sigma-Aldrich) and 2% BSA. A 395% O - 5% CO:
gas was blown into the gas phase, and the liquid was shaken at
37°C, 80 strokes/minute for 3 hours. After shaking, the free
fatty acids in the reaction liquid (NEFA C-Test Wako, produced
by Wako Pure Chemical Industries) were measured.

30 Although the reactivity with the addition of epinephrine,
which accentuates lipolysis, was accentuated in SLC-1(-/-)
mice, compared with SLC-1(+/+) mice (P<0.0l), no difference
was observed between the two groups (FIG. 5).

[0094]
35 Example 8 General properties of KKAY mouse and KK mouse hybrid
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35 Exanple 8 General properties of KKAY nouse and KK
nmouse hybrid 54 groups SLC-1 wld (+/+) nouse strains
- [ KKAY/ SLC-1(+/+), KK/SLC 1(+/+)1 and SLC- 1(-/-) nouse
strains [ KKAY/SLC-1(-/-), KK/ SLCG 1(-/-)] were

i ndividually reared under conditions of a 12-hour 5
lighting cycle at a roomtenperature of 241C and a
hugirgi®y of 555% The food given was an ordinary diet

(CEaZ éshgﬁ%dwkf@g(+vmp;ﬂlé1ﬁe8 asaﬂ@ir_& Kxaﬂ/mo—g(+/+)é KK/SLC-
produced by ea Japan). Body wei Uy ¢ _
P r G165 o Abeh SR THe) < b ec 4E iy B B TSGR T/ v Ke/SLC

Regarging Jeeadi hditvakeal Weakdaye8 oatidrntakei timmsnefsarlgghour

o and converted to daily calorific infake per 10 .
of lpehyinawsivghe afsiangotheERPERFSS OF %&%& NG hufliaity

\(/\/E%lf: )/35£53a3.d) t}ngé ?@@d(@ﬂ\;‘en}( waall o i(cgﬂdanmy uH eaf l(mem 11.6%
cal /100 g 0 I ght 7 ay). .For 0

akarbi Er faFb; 146 Sofott Vs Sar IR TRACY CAeRatTR - Bo%
USiw@ﬁlgﬂ‘a'\ﬁ%afnéQéﬂ%ﬂif Bkea s daamnen ttllee speriddededap\every
Drunmond _1s Sc¢j ent.ifi c, an f.rom 8. O

gl ¥e6%e (BRRT f%?%tléfﬁ%‘r{%pr%%’ﬂ‘&é’d @B?/d F‘S‘Jt?%h‘g%% measured

ol lalH, ﬁ(brﬁ‘}eg:lt)élaetdn mlgmiﬁﬂ&mwm pepricfugeds byody

Fuj i ,Phot o Fi tqtal _chal ester - %

pr §§4E8H LEﬁr'“"lguﬁ)‘é Fgr?g'FBH'na'—Horﬁ ,%%Frﬁ%ﬁ iO%DF%%]\%_EﬁOﬁgu |%ﬂe @)
Ki tx, canegifed vayuShbhaeadi X kcaBfit0ion g Aiverdye wedpht n(Ki4?, (day) .
20 produced by CGenzyne- Techne),; i.pQn i S C ot
adi%’&ngg??‘g paxlé?lﬂxe?el%’,’ B‘F%ﬁ%acr:l e@lBé‘g L"l%%c gg %lgedg:&gﬁ) ;ga%lnaac en
nonedher 4 fhieparint 1gd bacodsdxaNERg, tNEFAPErdeead gk Brummond

roduced. b r eqgl gal o, | StLA |l | drPLesR ,
gn%dcﬁgﬁgbf%%l\éﬁlﬁﬁ? ’E}I’( ﬁﬁ%}' c&gﬁy%%hgqn%g fé%l no a(m:‘ onat ed System
gl yoohened|biFn] arktdofpeFi UG 23igDB@Hden] BRIy CHEM System,

Pr o T OpaLf 0Nk Laod (peren

me s’f%?ig '.E(S)thyt gﬁggl%%ggmggﬂa)r'a)\xﬁ?lt?%\é@rn@tl%gggar ot(iDqI o _

ar tSysyemymeiedusead kit iFodi Bt Eésmbr gmeulin (Levis Insulin
(cqutd c e i it i Qd byedtGN kit,

Bi g{r%di §g+(§';&gn }fsgflg:gkl%k’('wgfgg?a%? ?JI% oduqéd by .

M tnodiskd KaGarevmetieshyel n atiasnecre fEPRF R iBpnectin

dr % P! andf,E08 5 1¢.1 8k Otd b2 BT YarkiNHERe S @ b@NEat Ly
an addi ng a 1/100 "vol une of 2% EDTA sol utjon, were
meaided (NER HEFAJit6E TakDbo@FodRFghPYWARKBLEFyEPmical

betmegn. i hes KKAYS Blial Gkl ) eftfgaeb@n thidheHpbalc:
KKAY/ SLC-1 (-/-) mce, but between the KK/ Sﬂbg;?\]%%éé%‘f
e 0

i B ygabenewl oRkns| utpmareq g ¥eehepRg R e
20€;2dchev K BL G, Lfrdducell 5@ Medhbiéasbraitgonf i iramhbye blood

were measured. After blood was drawn from the carotid artery
under satiation, corticosterone (corticosterone '*I RIA kit,
produced by ICN Biomedicals) and total T4 (DPC/total T4,
produced by Mitsubishi Kagaku Iatron) in plasma prepared by
30 drawing blood from the carotid artery under satiation, and
adding a 1/100 volume of 2% EDTA solution, were measured.

No difference in body weight was cobserved between the
KKAY/SLC-1(+/+) mice and the KKAY/SLC-1(-/-) mice, but between
the KK/SLC-1(+/+) mice and the KK/SLC-1(-/~) mice, beyond 6

35 weeks of age, the KK/SLC-1(-/-) mice exhibited significantly
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55 | ower body wei ght gain (P<0.05, at 6 weeks of age)
(FIG 6A). In daily food intake by m ce (kcal/day),
no difference was observed between the

KKAY/ SLC-1(+/+) mice and the KKAY/SLC-1(- /-) mce,
and between the KK/ SLC-1(+/+) mice and the KK/ SLC s

_») nm ce (wdata not, publ i shed) wever, when iy
foc}d3 oF ook ¥aaght garact B % BBd@ Wagkghet ar%?) WBLEY o).

di fﬁrﬁaagpﬁhﬂma mtl:as@/ Cmgdmbcfﬁ/ w&ealxcr@&EAf(AS&ﬁﬂe(rehdré was
an e KKAY/SLC-1.(- [- j ce, .but t
RiPBeaned Bor iy e kat s L (T midtiane Shr a1 (-
eatA—r)gmlmrrpaﬁeﬂeWeteln the RKUSSLCE A A)+nied cend Eh& KKAA.C-
6B) here was _no.di fference

Bet]We n) p%%SWCgE € %g_i./l*e_lheﬂ.ﬁ o HONGY§ ¥y when' daily %R0
KKAWtSkQ (s f(::):](:)?‘ﬂtceel abr?])odABQESghﬁC a:@ed(.f:feﬁzeng.é) was

e R B e R N KT N f@l&ﬁ”i(ﬁiﬂﬁ&%-“-
m oe,) ﬂi\ﬁEJEMtilBhe)gm/ BLD';BG‘TT'& Eﬂnimmmhh.by’eéd \ﬂisnlflcantly
sungcssed (P10 0%pal 15 e ol (11/8 ffle Al

HK/EBLC-1(-/-) mice, no elevation in plasm gl ucose

| evel duﬁl ?,Qée(% V\%§eo_|l_) 1vegher 14 st Qgrt%]fé%%egge between

dlfference peEs 0 mc
7A)thETHEA"¢Ba<S1‘ﬁa(+t/|+D g!hywﬁeralndetﬂl@myﬁ\ﬁsl-sll gr’n—)‘ ingignet BY 5

I b S | Cl t

0‘@%&1&% d@f%ﬁéetf‘%{ L&J %%E;bg& eé;%eﬁg 1%: V%eks‘é‘h%’ﬁ@ﬁy SLC~
(F|1G+/VB)m1CFhexlpim§|¢é hmngln’cbml bugniie dthteo K@é’b/r%ésé( -/-)
Regause Qe e@éva%%n ifl éié’s‘.u%)”&!ubﬁéq 'eGei h‘fagqéﬁ‘gpf%&s%d

and in the KK m ce Re ar asnma
adi(F6Re®R i @t é@ewe@kSt n‘é 3gerY/(SEE- 17(A>/ )0n r’ﬁheeohlﬁels hand, in

veeks @t/srgerhad ) queL yal yss RR/3Y g Wy nnltaae no
KKAY/ SLC— 1(+/ +) m ce (P<0.05) ( Beyond

we€Rkevaticggén BERIMIe IHRERTM l&aﬁbdh@cfcpnagwgelwas observed,

deghgagks-d Rakhgo fﬁ@f\ﬁée{»}cé (Bdthken ke R thPES e@§$rg.ce (FIG.
|n t he KKAY/ SLC-1(-/-) mce (P<0.01, at 16 “weeks of

%géPf) (FIG 7D) . On the other hand, in the KK/ SLC
1( + +) Nl p@Rshd fi@llﬁﬁ&qd&( 1éva1 ma@esusrhiefﬂalaagw lower
adi ponectin |evel increased wth a}ztgnﬁ gl
di PRERRIR @LnakCobsefdetersty hatiekh e%‘%\om@%lﬁﬁj in the KK
( Fhioce 7<0. 056 at 16 weeks of age) (FIG. 7B)
The plasma insulin level tended to decrease because of
25 SLC~1 deficiency both in the KKAY mice and in the KK mice (FIG.
7C) .

Regarding plasma adiponectin levels, the KKAY/SLC-1(-/-)
mice at 5 weeks of age had lower values compared with the
KKAY/SLC-1(+/+) mice (P<0.05} (FIG. 7D). Beyond 9 weeks of age,

30 the plasma adiponectin level decreased in the KKAY/SLC-1(+/+)
mice but increased in the KKAY/SLC-1({-/-) mice (P<D.01, at 16
weeks of age) (FIG. 7D). On the other hand, in the KK/SLC-
1(+/+) mice and the KK/SLC-1(-/-) mice, the plasma adiponectin
level increased with aging, and no difference was observed

35 between the two groups (FIG. 7D).

56



The plasma leptin | evel was elevated wth aging in the
KKAY/ SLC-1(+/+) mce. The KKAY/SLC-1(-/-) m ce,
conpared with the KKAY/ SLC-1(+/+) mce, exhibited
significantly | ower values until 9 weeks of age
(P<0.05, at 9 weeks of age), but s thereafter no

di fference was observed with aging. (FIG, 7E). h
ot her hahlif BlRE™H| LAY B¢ Y évg]re‘(ﬁd?der’é taegdnﬁ/l Fh the
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KK/ SLC-1(-/ val u re obt i ned I G
Trreing e BRI PR R Bl e T elas
Si griihtaamdd Wnl enerkHSLChE (KIAYhSEE- (]]5((-0/ 0)., natce}ﬁ weeks of

conpar e it the KKAY/ SLC-1(+/+)' mce, and there
vvasrgpgﬁp]e?g%%mqtyjéhdency for the KK/ SLC-1(+/+) mice and
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31 sl et Speer e,
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By Ta KK

anpl e t percenfages in nouse and
mnlﬁwﬁrr}tdmﬁ@wts %oﬁyefwyﬁﬁ%régésfﬂi% nicespaged with

ﬁﬁ%ekﬁyg%L@gftMﬁﬁemlgg NBRSYAELL iast BBe SR WBRAA&HcyY for

result, no difference was observed
| n ttmeeKbéﬂyﬂ-fla{t*/pbr%w apé he KKASEGIIG-/1) -pige fEdE: 76) .
conpar edryd tﬂla%ﬂoﬁ'—t@c&éﬁéf@nﬂ@@el bit 2t hgedodvrs £@é was

percentage in KK/ SLC-1(-/-) mce was significantly
3% \RegheE hih tthﬁamdeer‘sL ) (PEeY rﬁnéiesmﬂélcs?tl%slwer in
[ 009@] kR /Exarpt-&/-30mEBES BonpRSH THithOBhE YKHEKAN aus¢+)
and KK nmouse hybrid
(FIG. 7H). NO& difference was observed between the KK/SLC-
1(+/+) mice and the KK/SLC-1l(-/-) mice.
In plasma total T4 level, no difference was observed
25 among the four groups (FIG. 7I}.
[0095]
Example 9 Body fat percentages in KKAY mouse and KK mouse
hybrid groups
Body fat percentages in mice at 17 weeks of age were
30 measured in the same manner as Example 4. As a result, no _
difference was observed in the body fat percentage in KKAY/SLC-
1(-/-) mice, compared with KKAY/SLC-1(+/+) mice, but the body
fat percentage in KK/SLC-1(-/-) mice was significantly lower
than that in KK/SLC-1(+/+) mice (FIG. 8)}.

35 [0096])
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groups Oxygen consunption and spontaneous novenent
were neasured in the sane manner as Exanple 5. 5
Oxygen consunption in the maturity stage (13 to 14
weeks of age) increased significantly because of
SLC-1 deficiency throughout the bright phase and the

d h ' |
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t ol erance test was pertorne on mce at 1 .
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Phaaruene SRare et s MR @‘5 Pl see i)

c of&Ledd \iieh MRKAYI S GLage/ ompreed Gnh@ LRifge
! gﬁéﬁﬁés@ﬁadfv%lcae;ltwtﬁhaéﬁatﬂee@bhgml\@a@n, B b H0pIYRLa fos

i cant™ -reduction 5% in plasma gl ucose vel

( FI &G 628) 7A5P¢E)ane°F§rm?ﬂ9&§ﬁﬁ #t uc 59e? I\é‘?ﬁﬁ‘iss °duR9hg

hanghHeosE, tc@hsaféwe:lttﬁ8£espé&ldéfé&rt%qemiﬂ@é in the
obsery d bet en the tvvoéq%//%es of mce, during fast| ng

#Es thaf of digruted &8rhg), - pBicenF 5o 2
KKAY{)@_Q 1(-/-) mce exhibited a | owner vaI ue beyond 30
m nutes. after the q: ycose | oadin (FI g—:\ | OA) .
AUC*REPES UnFERCesR TogruRse Eafven B maws ﬁPﬂu‘f‘égl)ouse
wasybalhe uwaipd, the KKAY/ SLC 1(-/- ) m ce showed a

24, O%redutlon ared wwth the Y/SC-l +/ +
Fieo, i GisSRs (TISHAPRS| S VAR poogeT on ice) at 16

KKAJ\é/eS‘aCbﬂ(a-de- Inntiee sans margidirl heamtanpawes. duri ng

fasting nutes before glucose | oadin

m nut es é‘ﬁ é’? ar@FﬁESé% °<fag}‘ gl?l%}zl & %§1 g Sallation
before the glucose tolerance test, KKAY/SIC-1(-/-)} mice,
compared with KKAY/SLC- 1(+/+) mice, showed no change in body

25 weight or plasma leptln level, but showed a significant
reduction {32.5%) in plasma glucose level (FIGs. 6A, 77, 7E).
For plasma glucose levels during the glucose tolerance test,
no difference was observed between the two types of mice
during fasting (0 minutes before glucose loading), but the

30 KKAY/SLC-1(-/-) mice exhibited a lower value beyond 30 minutes
after the glucose loading (FIG. 10A)., When AUC {(area under the
glucose curve, 0 to 120 minutes) was calculated, the KKAY/SLC-
1(-/-) mice showed a 24.0% reduction, compared with the
KKAY/SLC-1(+/+) mice. The plasma insulin level in the

35 KKAY/SLC-1(-/-) mice was significant lower during fasting (0
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In the KK group, no difference in body weight and

pl asma gl ucose | evel during satiation was observed
between the 5 KK/ SLC-1(+/+) mce and the KK/ SLC-1(-/-)
mce, but the plasma leptin level in the

KK/ SLC-1 (-/-) mce decreased significantly by 76. 6%
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after which it was sin
( praddGcuee sy od AEI\ll)rlO'Fh‘éO e @paet RNonhaslty and dlabetes

I evela$8- hs@nsbik beehusi ng TagMan Rever se
Tra scrl,ptl on Reagents (produced by Applied Biosystens

Japah§98l and this was used as the tenplate for

expemplond exak «ANRls¥shs Y th88hed | RnPRIA ABLLS QW kK
sroduced by I|e Bi osystens Japan). The neasured

alouse Ry EF%‘E:R%d by the 35 value for the R-actin
gene. 59rdn ke ndju%ecmazdz@mous@ HMY&%—JQ\%H #hadfesCin the

t he 8g:“)ressl on_of the gene for nel ani n-concentrat’ ng

hoSRBRESIAHPE T6efiay- F%l%ﬁﬁ%ﬁeaa%rﬂ?smﬂ:@%wdsm -related
| ngeaaseth (thk. 3%6+R90s08Je of the onset of diabetes were

examined by real time PCR.

25 From five mice in each group at 9 weeks of age, the
diencephalon, perigenital white adipose tissue, liver, and
skeletal muscle were collected, and total RNA was extracted
with ISOGEN (produced by Nippen Gene), after which it was
purified using the RNeasy mini kit (produced by QIAGEN). The

30 total RNA was reverse-transcribed using TagMan Reverse
Transcription Reagents (produced by Applied Biosystems Japan),
and this was used as the template for expression level
analysis by real time PCR (ABI7700, produced by Applied
Biosystems Japan). The measured values were corrected by the

35 value for the p-actin gene.
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conpared with KK/ SLC-1(+/+) mce, but this was
suppressed to s the sane extent as the KK m ce because
of SLC-1 deficiency (FIG 11A). No difference was
observed between the KK/ SLCG 1(+/+) mce and KK/ SLC 1(
/-) mce. In the KKAY m ce, decreased expression of

t he neurqpeptide Y ne angd reased .
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i nfluence of SLC-1 deficiency was observed in tyhe KK
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t henxnr espred aved of kﬁﬂ/@@.ﬁeﬂpfﬂpﬁ&@éﬂ Séms&blted
proliferator-activated receptor-gamma (PPA whi ch

i s HEAVOIVEY ARCF3IRed ﬁié?’é%‘-'tﬂ%%n?%n‘a’eglgﬁ%s%or leptin,

rTEhﬁﬁ@hl $8) sddreteasetbm Byt %l%w%ﬁﬁ’%t%}leg 3 @fl eatlng
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St%ﬁ&ﬁX%hé&V% The same influence of SLC-~1 deficiency was
cbserved in the KK mice as in the XKAY mice (FIG. 11B), but

additionally the expression level of the gene for peroxisome
proliferator-activated receptor-gamma (PPARy), which is
30 involved in lipid metabolism and glucose metabolism, increased
by 124.2% (P<0.05) because of deficiency of the SLC-1 gene
{data not published).
In the liver, in the KKA' mice, compared with the KK mice,
the expression ¢f the sterol regulatory element binding

35 protein-lc (SREBP-lc) gene, acetyl-CoA carboxylase 1 (ACC1)
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5 desaturase 1 (SCD-1) gene decreased (FIG 11C). In

the KK/SLC- | (-/-) mce, the sane tendency as with the
KKAY group was observed. In skeletal muscle, in the

KKAY/ SLC-1(-/-) mce, conpared wth the

KKAY/ SLC- 1( +/ +) the expression of the uncoupling io
protein 3 %‘ gene and the Akt ki nase gene, which
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t hosg Ik | in th rt that the preferred
enbodIr?érsr%gf%%n ﬁif’r t&d. The 30 present invention
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|nc rporated in theirentireties
€ present invention, SLC-1 antagonlsts are capable of

promoting adiponectin pPreduction; it is suggested that they

may be useful as pharmaceuticals for diabetes accompanied by
25 cobesity and the like.

[o100])

While the present invention has been described with
emphasis on preferred embodiments, it is obvious to those skilled
in the art that the preferred embodiments can be modified. The

3¢ present invention intends that the present invention can be
embodied by methods other than those described in detail in the
present specification. Accordingly, the present invention

encompasses all modifications encompassed in the gist and scope of

the appended “CLAIMS.”

35 ; ; ; ;
This application is based on a patent application No.
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reference, to the extent that they have been discl osed
herein. 62 Clains 1. A non-human mammal deficient in
the expression of the SLC-1 gene, having the

foll owi ng characteristics: 5 (1) a |ower blood insulin
| evel in glucose tol erance test, (2) increased

insulin Y (3) higher resistance to obesity
evenédodr% 2 ?Sjgf gtl %{eJtn J)aé’ AP hfEhg datepi fend &7,c8PP6), the

Si zeqora:leahteSéaf ame:rmt uabeﬂnédﬂwr)é%bé 19 £ANPALEd; Y SO\F this
d-type aninmal, or a portion

t he I onm
t he e%%_y%? Eer eoft ¥lt?ﬁ%' dfiengpnismts) %Jrﬁ’ﬁlPSEﬂ’l Ut Ray
havimiplibet fool bomicereftar agt Bidisli ﬁasten%é s,aa patent

age ont.an mpverment and oxy
conga%)‘gtgl ‘lg%tﬁlong i 15° g%’é‘? asBaCBSFFtedin 5 ﬁ“{ isntjreties by

decrﬁﬁiseehqﬂ,aSmntHeepktéhﬂ enet 10RpPRERd vabh Mildd®osed herein.
corresponding wild-type aninmal, or a portion of the
body thereof. 20 3. The animal of claim1l, wherein the
non- human manmal is a nouse or a rat, or a portion of
the body thereof. 4. An obesity and/or type |

di abet es nodel non-human mammal 25 that is deficient
in the expression of the SLC-1 gene, having the
foll ow ng characteristics: (1) el evated adi ponectin
expression, (2) delayed onset of hyperglycema, (3) a
| ower bl ood gl ycohenogl obin Ievel, and 30 (4)

accent uated energy consunption conpared with the
correspondi ng obesity and/or type Il diabetes nodel
non- human manmal wherein the expression of the gene
is normal, or a portion of the body thereof. 35 5. The
animal of claim4, further having the following 63
characteristics: (i) increased oxygen consunpti on,
and (ii) a decreased bl ood corticosterone |evel
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conpared wi th the corresponding obesity and/or type |

s di abetes nodel non-human manmmal wherein the .
expression of the SLC1 gene is nornmal, or a portion
of the body thereof. 6. The aninmal of claim4, wherein
the non-human mammael is a nouse or a rat, or a _
portion of the body thereof. 1Q 7. The animal of claim
6, wherein the obesity and/or‘??b@sll di abet es nodel
non- human mammal is a KKAY nouse, or a portion of the

body, t ereof 1s B. ter of adjponectin
proéuc?xl BRE B g‘f’%a]gr?e EELant 4nt Sgefxaresgionpd the SLC-1

agenyersf, &huimy &hev\,ﬁol:lnwmgadmruc&teﬂs‘dldsn a patient
h ta r i,oscleroti i sease
actormar ad by SEREc PR Thihraeet Rt G eTgreas teat,

acconpani ed ecrease _
nmet h GﬂCpeaﬁﬂﬁ iingubth pa@ned:tintm,oduct | on conpri si ng

At agehabheal ok LOLLL U ST 28 1. Ause, of, 4n

SLC ant oni st or pr oducr n
adi poheét islnablremj wbit@rﬁate:teSEQJFzrcham STING <110>

Take any Limted <120>
Gene??chﬁi Nbgg? 33?%qg and Use Thereof <130>

0P1FrPraIsdwith BD@GCOFlGQFBDdHﬂgBNIlQ@Q@d)ﬁnMal <0z gortion

<17Qs¥ on 3.3 <210> 1 <211> 20 <212>
DNA <§?%§&kPi?P§§%a <220> <223> Prinmer <400> 1

ot aaagogoa tgctccagac 20 <210> 2 <21'1> 20
2. The animal of claim 1, further having the following
characteristics:

15 (i) accentuated spontanecus movement and oxygen consumption,
(ii) decreased bedy fat, and
(1ii) a decreased plasma leptin level
compared with the corresponding wild-type animal, or a porticon
of the body thereof.

20
3. The animal of c¢laim 1, wherein the non-human mammal is a

mouse or a rat, or a portion of the body thereof,

4. An obesity and/or.type II diabetes model non-human mammal
25 that 1s deficient in the expression of the SLC~1 gene, having
the following characteristics:
(1) elevated adiponectin expression,
(2) delayed onset of hyperglycemia,
(3) a lower blood glycohemoglobin level, and
30 (4) accentuated energy consumption
compared with the corresponding obesity and/or type II
diabetes model non-human mammal wherein the expression of the

gene is normal, or a portion of the body thereof.

35 5. The animal of claim 4, further having the following
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<212> DNA <213> Artificial <220> <223> Prinmer <400>

2 atatcaggta ttagagtgac 20 <210> 3 <211> 20 <212>

DNA <213> Artificial <220> <223> Primer <400> 3

ocgottocat tgctcagogg 20 <210> 4 <211> 20 <212> DNA

<213> Artificial <220> <223> Prinmer <400> 4

gctkgg%g?£?§gégg L. gaag 20 <210> 5 <211> 18 <212> DNA
rel

<213>

I'Clal’” "<220> <223> Primer <400> 5

t at t{dt) gl seresapgggak st cofdymptd bl 4nd <211> 20 <212>

DNA

5

10

15

20

25

(ii?1§>aé¥9éhéé8'Sﬂood<§§¥¥id€%%éfb£¥'1%9&1
compared with the corresponding obesity and/or type II

diabetes model non-human mammal wherein the expression of the

SLC-1 gene is normal, or a portion of the body thereof.

6. The animal of claim 4, wherein the non-human mammal is a

mouse or a rat, or a portion of the body thereof.

7. The animal of claim 6, wherein the cbesity and/or type II
diabetes model non-human mammal is a KKAY mouse, or a portion
cf the body therecf.

B. A promoter of adiponectin production comprising an SLC-1

antagonist.
9. The agent of claim 8, which is administered to a patient
with metabolic syndrome or arteriosclerotic disease

accompanied by a decreased adiponectin level.

10. A method of promoting adiponectin production, comprising

antagonistically inhibiting SLC-1.

11. A use of an SLC-1 antagonist for producing a promoter of

adiponectin production.
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