DESCRI PTI ON GENETI CALLY MODI FI ED ANl MAL AND USE THEREOF Technical Field
[ 0001] 5The present invention relates to a GPR4A0 gene transgeni ¢ non-human

manmal , a non- human nanmal deficien&g%%ghgﬁ,gﬁpression of the gene, a
screening nethod for an insulin sec | A or gl ucose tol erance

regul at or yGHRBYICANL AMNODIHIES). tAN 10/AUg ANBN USES UHERESENSI tivity regul atory
drug and the /o like using the mammal s and the |i ke. Background of the

| nvent i on TeoboRicaarrRdeihs reported as an orphan G protein coupl ed receptor
W th unidembbéiFd ligand in 1997 (nonpatent docunment 1, /5 patent docunent
1); later it was reported that this receptor is expressed in the pancreas,
and thats t he |i gémd pieyasftorinverda iforeereflattey &oi d GpAténgedecunemigenic

Furthernore, free fatt ci ds have been sho to_pronote.insulin secretion
fron1pancr%g?T%uTF%éV¥¥Egﬂifbd“%ﬁﬁ“mppng?ﬂvgg FﬁggFéEEﬁtb? 5062 (nonpat ent
docunment Z2expptesfodastinBil dne, a screbn@mgt Ressohi rAkNGS, 1hkul snt hought
t hat conpounds that act specifically on GPRA0 can control plasnma insulin

concent r at FeA5et TRRANGGUN Bluranee tolpgens¢ regvépversysdrug, an anti-
prophyl act | r ic dr, havin new, nechani of action 25 .0n
di abet es &ﬁé%?ﬁéay ’\ﬂﬁ,fﬁ§}%¥% stheirisde %eguhggéIthr?%n%?goBgeof

me remai ns unckFear -as
GPR40 i1v vivke (903 ]the mammaPancentthe pikel.l di sorder underlies diabetes

mel litus; inprovenent of inpaired insulin secretion is also 30
therapeuti%g£¥?I%H3%d¥ﬁJ€¥aT%E?%Fﬁ#%{ to elucidate the roles of the GPR4O
gene in viygopsyinportant not only fromthe viewpoint of basic research,
but al so fronltLe vi ewpoi nt of drug discovery research

GPR40 was reported as an orphan G protein coupled

receptor with unidentified ligand in 1997 (nonpatent document 1,
15 patent document 1); later it was reported that this receptor is
expressed in the pancreas, and that the ligand therefor is a
free fatty acid (patent document 2). Furthermore, free fatty
acids have been shown to promote insulin secretion from
pancreatic B cell-derived cell lines via the receptor
20 (nonpatent document 2, patent document 3).

From these findings, it is thought that compounds that
act specifically on GPR40 can control plasma insulin
concentrations; GPR40 agonists are expected to serve as
prophylactic/therapeutic drugs having a new mechanism of action

25 on diabetes mellitus. However, much remains unclear as to the
functions of GPR40 in vivo.
[0003]
Pancreatic B cell disorder underlies diabetes mellitus;
improvement of impaired insulin secretion is also
30 therapeutically effective. Therefore, to elucidate the roles
of the GPR40 gene in vivo is important not only from the
viewpoint of basic research, but also from the viewpoint of
drug discovery research.
In functional analysis of genes, genetically modified

35 animals such as transgenic mice and knockout mice are highly

1



In functional analysis of genes, genetically nodified 35 aninmals such as
transgeni ¢ m ce and knockout mce are highly 1 useful. GPR40 gene
transgeni c m ce and GPR40 gene- knockout mice have al so been reported

p
(nonpat ent 5cihent CBRAPa¥et dGEIRESHL C4 01 Chc 88Fd PR 4P hegRE kNP REOTPRAO0

knockout mygieAnRveesi1SbaBbehOrbIRA &£ U MRS ue i.gh-f at
diet 5 | oad, mheregg t he GP%40r%%ﬁe %?aﬁggenic ﬁ%g%ﬁ%gggﬁo%'dpgggggs

mel |'i tus ackompmnited)by Acpaidiew itheulete, sébeeGPBAO pavekoutopiinenard:

WD2000/ 22129 pat.en ocument 2: 02/ 057783 pat ent, docunent ., 3: 03/ 068959
R R A ot R R e kL and

/ o patent docurren

Res. COMPULoadl99herd3d( Zhe GARAT gemo patreifertor Wikl ddveNablueap20a3,
422(6928): 173-6 nonpatent document 3: Cell Metabol., 2005, 1: 245-58 /5
Di scl osur e W 1{1H& S| AFERTPBAL PR OBY eHBPa r 35k ISsiWldd BPaRE iPRvent i on [ 0004]

It is an OQkﬁ%htohokﬂﬁegéezgnhoiﬁﬂﬁ?ﬁi to generate and anal yze GPR40 gene

transgeni c "ani mal s an R40 gene knockout 20 aninmals, with the ai m of
el uci dat i ngpattleatf doctimens 2f WO@2 GRABIene in vivo, and to provide a

screening and drug efficacy ey ion systemfor prophylactic/therapeutic
drugs for éF&ﬁ%FegoﬁBPFP ug'u@$#§ﬂ%#gﬂ§£netically nodi fi ed ani mal s thus
obt ai ned, ZatMpansioetimSAt Vi ngwdieo Sredeip [ 0005] The GPR4A0 gene
transgenic mce, generated by Edlund et al. and Wal ker et al. (nonpatent

docunment 3noppessntddeanmant 41 apdieghemadiGRRAG -0\REsex Foaswed ,uiadéi, cont r ol
of | PF1 pr@@@%@gt 543-7

nonpatent document 2: Nature, 2003, 422(6928): 173-6
nonpatent document 3: Cell Metabol., 2005, 1: 245-58

15 Disclosure of the Invention
Problems to be Solved by the Invention
[0004]

It is an object of the present invention to generate and

analyze GPR40 gene transgenic animals and GPR40 gene knockout

20 animals, with the aim of elucidating the functions of the GPR40
gene in vivo, and to provide a screening and drug efficacy
evaluation system for prophylactic/therapeutic drugs for
diabetes mellitus using the genetically modified animals thus
obtained.

25 Means of Solving the Problems
[0005]

The GPR40 gene transgenic mice, generated by Edlund et al.

and Walker et al. (nonpatent document 3, patent document 4
above), had GPR40 overexpressed under control of IPF1l promoter.

30 In contrast, the present inventors generated transgenic (Tg)
mice by introducing the human GPR40 gene under the control of
an insulin promoter. As a result, the Tg mice resulted in
augmented insulin secretion and improved glucose tolerance
compared with the corresponding non-transgenic mice. Hence, the

35 phenotypes of the transgenic mice according to the present
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30 In contrast, the present inventors generated transgenic (Tg) mce by
i ntroduci ng the human GPR40 gene under the control of an insulin pronoter.
As a result, the,Tg mce resulted in augnented insulin secretion and

I

i nproved gf-0¢65&1PBI 8rBRCEL coMparstr Mit Fathd heorlPespdRdPREERBACET ansgeni ¢

m ce. HencaughbB@td®iBAEHPt PRS0 Afhdthe, I¥ N8N ACEnacserdi Ngn 50,1 BE
present invention support the results for the insulin secrefion

augment at | 6HPPPrGPRAS chatemavel hamyasiowy itredtting, daadeabsomslippons bhe
concept of atin r 1 ng di I 1'itus by enhancing the activity
efESHSRhbTALY £8LL IO Shetsey e

of GPR40. pr €s i nventors al so succeeded in generating

CPR40 gesme knockmeangKO e ant el srdatithdg e t2R4@1geneudeteted wsi ng
honol ogous reconbi nation. In the congenic strain obtained by back-crossing

the KO mi c@SRPFRTERE EBFBY/ NS thaGkowo éhmakdpre SphanspypeBeweFR40
observed, g@ppa L& h ' Y, ] : .The ' or's
conduct ed gurthggg?%%gs?%éﬁﬁﬁcﬁkgﬁﬂgiﬁ?Eﬁ%%%ﬂ?&?aFﬁ§5rn3§?§§%%‘%2&%%%6%d t he
present inggntionobf8d0&6d By dmrak-nglossitte threedk@ntmiceventhohhpr 067HREEI15

an oxpr oS PRFA G abg. TGt RTALY BF Y YRRUINST SSGEF Rt BR c SRERE 5 AL tBeen

an expressi
i ncreasesl, wand/ eypé2hitde gl ucose tol erance has been inproved, conpar ed
with the correspondi ng non-transgeni c nouse, or a 20 portion of the living
body thereof, [?hethEepdniscmtatrdisngasiyctedaioréherhénepatigat bNAst hat

encodes an enqQu 40. 1 $: er_ the tral an.insulin_propoter, or
a portion 8§§'§ge8ﬁi ?/kll%gb%l y&trﬁgrj’eo C{] d[%q%ql %dm%&s‘?eBé%%%}r{ai %189?8]&???'
above, wherfébDfAe6fhe exogenous 25 GPR40 has the sanme or substantially the

sane am no acid seguence as the am no acid sequence shown by SEQ ID NO 2,
or a portion of PRECTIAIMY hddif IHESEIE 1VARtd o8 PEBNLAGSARt hod for an

GPRA0 agonifsy ar +8:CPRA0: ANLALNi Sloa GARY 1510RG, RPRLYERGoACESh compound to
t he nouse 30 according to [1] above or a portion of the [1ving body

thereof, apdoderensi GPREO tire TPRAPEyGitste aditelt yhereGRRA0 ant agoni st
activity, (1) the insulin secretion capacity has been increased, and/or
(2) the glucose tolerance has been improved,
compared with the corresponding non-transgenic mouse, or a
20 portion of the living body thereof,
[2] the mouse according to [1] above, wherein the DNA that
encodes an exogenous GPR40 is under the control of an insulin
promoter, or a portion of the living body thereof,
[3] the mouse according to [1] above, wherein the exogenous
25 GPR40 has the same or substantially the same amino acid
sequence as the amino acid sequence shown by SEQ ID NO:2, or a
portion of the living body thereof,
[4] a screening method for an GPR40 agonist or a GPR40
antagonist, comprising applying a test compound to the mouse
30 according to [1] above or a portion of the living body thereof,
and determining the GPR40 agonist activity or GPR40 antagonist
activity,
[5] a screening method for an (1) insulin secretion and/or (2)
glucose tolerance regulatory drug, comprising applying a test
35 compound to the mouse according to [1] above or a portion of
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[5] a screening nethod for an (1) insulin secretion and/or (2) gl ucose
tol erance reqgul atory drug, conprising applying a test 35 conpound to the
nouse accordln 1 above or a portion of 3 the I|V|gg body t hereof,

and measur itR§ gﬁgl@g) PRY LRI efor OMeARHESPI( 2egl bt oseSEbir ance, [ 6]

a nouse fers@c&b%ggneggdw%atﬂ ngL i JMA thak sgpeodes an exogenous GPRAO
under the control of an insulin pronoter, 5 [7] the nouse according to [1]

above, mhedéﬂnatmgueaog@mmn$&1§ﬂ%ﬂﬂgs;dﬂaMQﬂ@geﬁeaﬂg tbathenpodse,amnd t he

nouse i s deficgeggs P%%@ egqxpf tqe dog§ggu§lGPRggn epe, or a

portion of “tfé PIVIng ereo ik tﬁe fDuSe-accordrng to 17] above,

wher ei n 3h€{7|]letﬁé0@6lﬁ1§é)u§cd&rcﬁ?@4&d S 1detibved, f wberbliMBohe Osx8gPsts on of

the living bodé thereof, [9] a screening nethod for a heterogeneous GPR40
t

agoni st or CERABt &F olyehRbREcTInED hitdifoAsse c 8RFr FERNEORRPI 5 nde bl ¢ hant
conpound tgPt @ﬁe@géleeé‘gf&{ déﬁg;hﬁeo dnfo g%l?i%\é% 8bra0PGERLONPf 5 (;]5[%4%@forlllgf ng

body there and termning t agoni st activity or
ant agoni st taet Lyiviyg b@d@]tEEE&ﬂﬁwwnng method for an (1) insulin secretion

and/ or (2) ucose tol erance requl at u het er pgeneous nmanma
conpri si ng ! ggpgg?nﬁoﬁs?eﬁ?c?ﬁéﬁﬁhl ﬁaﬁtﬁéoﬁﬁusg 586Pd?ﬂ§n?%t%ﬁp?%ﬂe%$%ve
or a pokfi eprab theqdiad Pesly hbereolor angoreasur brgthBel {}ind NSeky N
secretion and/or (2) glucose t ol erance, [ 11] a pathol ogic condition nodel

mouse resukhengofrom mati ng of the nouse according to [1] above and anot her

patholOgiCﬁﬁg]goggkééﬁﬁngqg%hKQP %’ Phe e?%rEEQBuBfGEPED'é Hgsp ¥ e

t her eof , a pa condition no use resu tlng rom

i nducti on aetskrbgssebOAdEPRY ® e tyamiuse am@@mdbﬁggtapblyla@oaete@t a
portion of the living body thereof, [13] a_.screening nmethod, for a
prophylactF@WPHB?%pE%t?Q@EﬂP%ﬁﬁmﬁ%ﬁﬂﬁ?Hﬂﬂ’9& dﬂ%eé?@VSCEBnﬁaﬁ?Eﬂl%Q of

pat hol ogj Ctﬁ@nﬁimﬁg b& S a%@'ld“dé@:e%ﬁ&%%hgc@ﬁgoépﬁélboa% use
according to [11] [1 above or a portion of the living bo er eof ,

and deternantmgltheoan®PR¢ﬂeﬂntngqﬁlaﬂuanQMmﬁwoglc condi tion,

[10] a screening method for an (1) insulin secretion and/or (2)
glucose tolerance regulatory drug in a heterogeneous mammal,
comprising applying a test compound to the mouse according to
20 [7] above or a portion of the living body thereof, and
measuring the (1) insulin secretion and/or (2) glucose
tolerance,
[11] a pathologic condition model mouse resulting from mating
of the mouse according to [1] above and another_pathologic
25 condition model mouse, or a portion of the living body thereof,
. [12] a pathologic condition model mouse resulting from drug
induction or stress loading on the mouse according to [1] above,
or a portion of the living body thereof,
[13] a screening method for a prophylactic/therapeutic
30 substance for a disease accompanied by a pathologic condition,
comprising applying a test compound to the mouse according to
[11] or [12] above or a portion of the living body thereof, and
determining the amelioration of the pathologic condition,
[14] the method according to [13] above, wherein the pathologic

35 condition or disease is metabolic syndrome or one Oor more
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[ 14] the nethod according to [13] above, wherein the pathologic 35
condition or disease is netabolic syndrone or one or nore 4 synptons
t hereof, and tQQ Ii%g. LE%fect of tgﬁklnvention] [ 0007] The GPR40 gene
modi fi ed arPMRIS™Sr HPRESBFes@nt FVelti%n 5 have effects of exhibiting

phenot ypes [Hf&ecar ermene rgféeeioye of normal GPR40 functions, and can
serve as screening and drug efficacy evaluation systens for GPR40 action

regul atory [@%%dd in vivo. [Brief Description of the Drawi ngs] |o [0008]
[FIG 1] (A A S%g%ngPﬁﬂgmeQet£§ﬁf%{ téﬂfﬁéq%h%fh%%%npgggégtggﬁg?ntion

expression unit. is 1s a structure erei n the human
i ncl udi ng &apel pEApetaddit erhilsighed pliendtoipred thewnstreecanref rgpusetivsul i n

Il gene promoter. (B)._A 15_graph show ng t he expression of the hunan GPR40
gene in thé&g§ﬁ5pégségR6% Fﬁ%c€+%ﬁ%géﬂ1 A SCIERoRT FFECERENExpREsIreg

I evel of “é‘i‘_f'i'é@%z CPREQ2 9858 Vst s PANCIRASRS a%fti%hw@%n%@ogycsrﬁ s
various strains. Each bar and error bar indicate a nean and a standard

devi ati on, inegp&etively (MeanSE, n=3 to 6). 20 Note that the error bars for

the 47M strain, 54M strajn, 23 train, .and .61F strain indicate deviations
from neans [?ﬁé‘é’rf\sé,esﬁﬁ?. l%nﬂ'g:aé%mrrac‘ﬁmﬁsée. [FIG 2] G aphs
show ngibp hgoeggnessi on of the human (A) and nouse (B) GPR40 genes in

isolated islets of Lan?erhans in 25 the transgeni c nouse 47M strain and 23F
strain. The ani maF$Cnefé (DhdRdSHIe SHPIWTahG strycthrghofag Biwanfor 8

weeks 1 romddrugelefbdexIbes oxpH anipion heyel 107 ol be-BupRRe o, SpUife (FR4O

gene is shown as™a rati ri bosone gene expression |evel.
Each bar ahdmenr 6PRBAr gend) catel wlimeanm and w230 sdariddod dégnati ohs

espect | vely (URanS slrtub oot Jomlal o Load goup, W gt
show ng;t hgrepaubhswdhgatBé UsQSEession of the human GPR40 gene in the
pancreases of the transgenic mice. Shown are the expression
level of the human GPR40 gene in the pancreases of 8-week-old
mice of various strains. Each bar and error bar indicate a
mean and a standard deviation, respectively (Mean*3E, n=3 to 6).
20 Note that the error bars for the 47M strain, 54M strain, 23F
strain, and 61F strain indicate deviations from means (MeantSE,
n=2). NonTg: control mice.
[FIG. 2] Graphs showing the expression of the human (A)
and mouse (B) GPR40 genes in isolated islets of Langerhans in
25 the transgenic mouse 47M strain and 23F strain. The aniﬁals
were loaded with a low-fat diet or high-fat diet for 8 weeks
from 8 week-old. The expression level of the human or mouse
GPR40 gene is shown as a ratio to the 18S ribosome RNA gene
expression level. Each bar and error bar indicate a mean and a
30 standard deviation, respectively (MeantSE, n=3 to 4). LF: low-
fat diet load group, HF: high-fat diet load group, N: control
mice, T: transgenic mice.
[FIG. 3] Graphs showing the results of a glucose
tolerance test of transgenic mice. The glucose tolerance test

35 was performed on 1l6-week-old 47M strain (A, C) mice and 18-
5



tol erance test of transgenic mce. The gl ucose tol'er ance test 35 was

performed on 16-week-old 47M strain (A, C mce and 18- 5 week-ol d 23F
strain (Bw@xzno%fz%%%&g narmBl el e tﬂtﬁtﬁam Ofyifeqst | :
B) show pl asr?a gl ucose IevefLs ? :5 ﬁ gtlfiasrra |nsu éjvle%é f%ganSE
47M n=8; 23 molR)s, olﬂorf'ﬁgtlognt rtﬂ, ceghngplIarsmasgéncosm ﬁ:eveB{sFI &, 4b)

o oups of LY gameE st the IgPaLee Bietr b tncb 6 e parfiormed on th
groups o S e S pé¥ med on e
transgeni c NBHISE 40Mtsbhahfceafl tgF g@aﬂggggrsl@fm{@estl ng foll ow ng | oadi ng of

alowfat diet with 10 kcal %tat (A D), high-fat diet /o with 45 kcal %
fat (B, E), or a [ﬁ’léjh fiat G@P,@hs\/\ﬁbﬁwﬁmk@w %elyc o)y f@dropsgeeks from 8

R 5 T e et T e R e L e

47M strain. T}{dzlg(iucb]seetapmaﬁbe\mtegtl xmsulpélrﬁcemeei i the tUramsgenie 15 m ce
upon gl ucose sti mél ation own is insulin secretion _in the _presence of

3 M gl ucoS¥wE Wt@aﬂtl?os@fFﬁrt he RPuRR gehi Ao tPAMcsting Ao (iBPgShovm
i's insulincyed aldhaFap Hhelr withheyt kagdos tion of, Gy MMBYHIAC @aghd in
the presence of 11 nM glucose in the transgenic nouse 47Mstrain. 20 The
axis of 1or diifdx €5 kediléafes tBe Bimuar afhigisufdth ey etigdy dadicaér fand
error bar indi an nd_a_ st ndar i ation pective MeanSE,
n=3). NonTg: 'co t%@l i %‘?gfr?llna sGERTC df%uSe (Pa7 R s??ais Ow[?#%f“g‘%] A
graph showigigiddie EDéFH’eQ%S' qD, of:, t hp 8BS €p LosiPRAs geine 1idvGRRAMaaRSE,
hono-deficient mce. The expression of the nouse GPR40 gene in the pancreas
at 8 week- &Fd%)s sHORRY: THRN 5Pk ¥iton Tev diragsIeRd cnBaseeGPRIOS GEReD | s
shown as a ratio (kqqlhe)expLERST ol exe! s oluifte AGLIdL G619 ECH AL, and
error bar indicate a nmean and a stan dl evi ation, Olrespectlvel
(MeanSE,5 nm@)xe Woloth: gdonbsel strinelatieder o: (AGPRMwWgens hasaﬂdmdeéweemcbn
m ce, Homo:, GP 40 %ene hono- d fici eﬂ‘b m ce. c‘il |G 7]. Graphs showi ng
general propertiCe®TRTeBERAOT ganBMhSHICRT i ©F et T HUESUGTY
hono- def i cnmhs@eﬁgcmbasambgagegawh @) awfat l@I %sm&h é@clé@éic{ﬁf at
(A, B, C D or a hlgh fat diet with 60 kcal%fat E, H for 8 weeks
from 8 weektigihd ox( Kithput( deFFlOJ(lCDfG? 5 and Ré[imll-‘gl%miwcbddy tiei ght s,
calorific iyt a Ievel | asma_ i nsul i l.s
respect i velpyq: %%&a%n ﬁa@% 8%\’()I)Légcon% ma%e ®HHC meuse WP 0.

20 The axis of ordinates indicates the amount of insulin secreted;

each bar and error bar indicate a mean and a standard deviation,
respectively (Mean*SE, n=3). NonTg: control mice, Tg:
transgenic mouse 47M strain.

[FIG. 6] A graph showing the expression of the mouse

25 GPR40 gene in GPR40 gene homo-deficient mice. The expressioﬁ
of the mouse GPR40 gene in the pancreas at 8 week-old is shown.
The expression level of the mouse GPR40 gene is shown as a
ratio to the expression level of the actin gene. Each bar and
error bar indicate a mean and a standard deviation,

30 respectively (MeantSE, n=3). Wild: control mice, Hetero: GPR40
gene hetero-deficient mice, Homo: GPR40 gene homo-deficient
mice.

[FIG. 7] Graphs showing general properties in GPR40 gene
homo-deficient mice. GPR40 gene homo-deficient mice were

35 loaded with a low-fat diet with 10 kcal$% fat (A, B, C, D) or a
6



5 GPR40 gene hono-deficient mce, LF. lowfat diet | oad group, HF: high-fat
diet |oad group [FIG 8] G aphs showing the results of a glucose toI erance

o1 ucose t oIt ULl PHePPoFABN oh? 0 (GPRAD erd Hoto AEFFSrerE o8t fer

16 hours ofwdeastding f oh| omh ng(kpad Ng(wy tdy A Ao fEt 1 ehod L0 weG 3hlesf at
(A, © or a high-fat diet vmth 60 kcal%fat (B, D) for 11 weeks froms8
week-ol d. (R1BIEKoWnSEksHa Blacnaedlevess: Lely) agr%wlprsaemmswéaru n

levels (NEQQ§Esat %%sp tngT%rQMegtF§Eh §¥14QHQGQE gy- mkéede%gglent

mce, LF: low |'oad gr oup, di et group "[0009] A
t r ansgeni ¢ GRRE0h s mnmm&kierfetaéntruglaeDNéFt h}adswe‘miodh:etarloeszg;emps GPR40

in an expressibl.e state fter 20 sonetines referred to as "the Tg
ani mal of ?ﬁg g\"ég‘erf'% H&@Et )gg?‘élBry retains a DNA that encodes an
exogenous GPR40 ifrran @}%@&éh@' 8nh8h 86§ thSt Absy1 1Lt Ns'qIRRR that the
DNA that encodes the exogenous GPR40 is pernmanently present in an

expr essi bl &odtearamden telsé dal Fatby dhet ahPadl gratnhouglbRRE 2enENAomey be

i nt egrated hr be St a present
extra- chr orcrft?s%c nﬁlﬂ%ftlcf%heo% n%u(pre er(}ﬁb 51y reet%e)r%e_‘dwraﬁ ﬁr?ﬁflgﬁga?%d

state i nbo GPRAGSIgetler psederit0ed0] afber Tuc anbumed of i ipige FRNt owivignt i on
is prepared by 30 introducing a desired, DNA that encodes an exogenous GPR40

into a fertiaded #g§h énﬂQWt"ifPFzééleEg@lt%p%Q nlé‘f?l‘)}zpafatan‘d\rprcéc&rs@r hight-
thereof (prdpoidicl wa%ms@ekkﬁl@ogge' t8) BpeyLe.sf 9% S8 lrrPY %teq(g%ﬂ'dum

spernmatocyte, spermatid and t e) and the Tr e of a non- human mamal
preferably (@, a1 @@ldwypg'aage giutheeSSeemsyogEnal )i sshafw zplfaesmtar Iunzseﬂlagg

T oduct i O Bt ECPRERealieP im e pIRALE o gt AOtabF BACnB Rghomo-

el ect r099r@telfqr¢1réelttheacel i pot e%wﬂaﬁeabe@l 1@@@@9@\&;& omrrret[)r%%m—fat diet
m croi nj ection nethod, gene gun (particle gun) metho or E- dextran
met hod. load group.

[0009]
A transgenic non-human mammal retaining a DNA that
encodes an exogenous GPR40 in an expressible state (hereinafter
20 sometimes referred to as “the Tg animal of the present
invention”) stably retains a DNA that encodes an exogenous
GPR40 in an expressible state. ™“Stably retains” means that the
DNA that encodes the exogenous GPR40 is permanently present in
an expressible state in the cells of the animal; although the
25 DNA may be integrated into a host chromosome, or may be stably
present as an extra-chromosomal DNA, the DNA is preferably
retained in an integrated state into a host chromosome.
[0010]
The Tg animal of the present invention is prepared by
30 introducing a desired DNA that encodes an exogenous GPR40 into
a fertilized egg, unfertilized egg, spermatozoa, and precursor
cell thereof (primordial germ cell, oogonium, oocyte, egg cell,
spermatogonium, spermatocyte, spermatid and the like) and the
like of a non-human mammal, preferably at an early stage of the

35 embryogenesis of a fertilized egg (more preferably prior to the
7



51t is also possible to introduce a desired DNA into a somatic cell,

ti ssue, organ and the |like of a non-hunman manmal by the nethod of gene

i ntroductign, dtoutiljze themfor cell culture, ti.ssue culture and the

[ ke: furt Rorsate? 8951 usPhar R 19 WTHF LHY KbBTe a8 ePEhed “erBryo (or

germ cell cadicigm phasphABENEY-KRewp eitiosh ofetar)d, fusiceroparigiani mal can
al so be prepared. Alternatively, as in the preparation of a knockout

ani mal , by ™ertPEduditREaCHEST BTy | 3T R ey Yo dst BdcEernieEsienl | )

of @ non- NERRABMBhe WL} wgr@p@y@:&ﬁﬁcrnhéoag%&rew;fbﬁﬁfgﬁgg%rgm {ng%{sgaihgm

selecting a clone having the DNA 15 integrat stably, then injec
t he ES cel IIti asoadsbl pstothde br Abtowiuge an ESiceld DM@sSnandaaBofaceékl

st age enbryo.to regate together, to pre e a chinera nouse nd
Sercting SRLini TAPSREYI REIERCET 0t SRS BOA d PATS TP BA BB ehe DRI i ne.
a Tg ani mine¢aBdabsogbge 0bhals88kt 20h [ Aldlto utiliA ROk 8Brokeihe 1iving

body of a Tg_ani mal prepared as descri bed above (for exanple, (1) a cell,

tissue, or GaAtamE t hesPhrRecthbieretaml ythreetkke a DAheFaOrenc byefuanng

exogenous 0 ) e o] [ SS IV ef r in,culture, .

passaged as%gé Fé?%éi Vj;e}glﬁ Jéllrll %kﬁéeé?i%%&glagnecgldeg%b 3 u(éjg:d géfm)acsgrt}lgﬁngf

the |ivimgabodymohlag koowhunethodnallcelet afuing ,a DYy thdma@neades1ad be

exogenous GPR40 iH an expressible state” of the present inventjon for the
a

same pur poSESRE Ehat ‘bf S H o Homa Smefmk r BEEPAT AL &7 DRA T hEROeKRWEes an
exogenous GRRAQ 1, nb%”iﬁ@r@é@éﬁ%&'Q'&es’i‘@é&ibl@i e l%rne%%kizbﬂ‘i%_”%'tgﬁbf he

Exanpl es of preferable portions of the |living body of the Tg ani ma
present in¢eati dRSi aelldeodrgyamsn-sustragndriie panidiedde kbege-dbatribsdue,

skel et al ki-dney, adrenal .. blood vessel, heart, gastrointestinal
Cract, anaiBrhen CF EEHe BSTEP R Rt IS e X R et BReReu e PIR ¢ ne
organs. 15[ 8Bt2hrated staklppnak@n@iedaiipict thatreamsbeeca1sybjceck of the
present invention is not particularly limted, as long as it is a nonhunan
mamal f or PAESERCHSEY %s@gk@‘&lwsﬁ% haebedins efxhlf Sheglleaapbes

include m ¢gy,BRViRE i S %)%q_l r [ cats,
gui nea pi gs, ﬁgns'ﬁ:erég%g%@%ﬁ%sﬁ%&? 'cre}s?&jaﬁa I tsej adggllsll,mte%gt g\fag%l?i’ nggapi gs,
hanst ers amsglekéihpkenaseipsefesable;tha jpartddudeat DNEY amahbenivicedpabnt of

the preparation of disease nodel, anjmals, mce, which have lo relatively
short peri %h‘emgeﬁlh gb@ﬁy Antd | FHERY FHE, ioaifaalflé?%easy to propagate

(for exaspliep1097BL/ 6 strain, DBA2 strain and the |ike as pure strains,
B6C3F1 strain, BDF1l strain, B6D2F1 strain, BALB/c strain, ICR strain and
the like as hybrPdrPerEapmsyf afke prisfigrablady of a Tg animal prepared as

described above (for example, (1) a cell, tissue, organ and the
like that stably retain a DNA that encodes an exogenous GPR40,
(2) a cell or tissue derived therefrom, in culture, passaged as
25 required, and the like) can also be used as “a portion of the
living body of a non-human mammal retaining a DNA that encodes
an exogenous GPR40 in an expressible state“ of the present
invention for the same purpose as that of “a non-human mammal
retaining a DNA that encodes an exogenous GPR40 in an
30 expressible state” of the present invention.
Examples of preferable portions of the living body of the
Tg animal of the present invention include organs such as the
pancreas, liver, fat tissue, skeletal muscle, kidney, adrenal,
blood vessel, heart, gastrointestinal tract, and brain, tissue
35 pieces and cells and the like derived from the organs.
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15l n addition to manmal s, birds such as chickens can be used for the sane
purpose as that of "non-human mamral s" being subjects of the present
invention. [0013] "A DNA that encodes an exogenous GPR40" is not 20

parti cul arl[gvollizﬂdted, as long as it is not an endogenous GPR4A0 DNA
intrinsically pregepbnlfuhbe RoRsdwman, Jemm| b@e'a”%u%ﬁ%c%ugke%e%érg%‘ﬁt

i ntroduction, but an externally 1 ntroduced one; this may be a GPR4A0 DNA
derived framvenéinonihunah panhhtuldnry ekariplesi, msudengbesngtt he subpeet of
gene introduction, or.a_.25 t hat, encodes. a GPR40 derived froma

het er ogeneglﬁénaﬁawa%f S?re@A}Ilea} RS D o ies™ ﬁkéf?g? pi gs, sheep,
goat, rabbiksablegbed¢absamglédein @i @fs midds! &JSsinedl, Smantdelybe pike) or a
protein having substantially the sane am no acid sequence thereas.

Pr ef er abl y SPERE, DNRAF hat 2BREBEe sAeHs e Xfeno BBLIOgeRU G136  oPalREeFF eddt the
invention i . Lhat S R et eQus.t - uan
manmal bei %gk?ﬁ%ctb%]'ecﬁ o%o%gng%ig%?r %%S%t’i gﬁggrgaa&p!?%f gtll%{pﬁtaé\}?é]ng ©
subst ant i alliket heesprefamahbe acin edguencet, hdireas thepvéeppefiat abf ytlae DNA

t hat encodes human,GPR4 [ a protein having substantiall he sanme am no
heid 35 SeBERPEATHEReas. ThOPREE (HRRC ertbdRa Sr B caPHI T EFiflos & o DilA
that engpdesithevamingnast dpseobense apleQ1liReNGy21 eBl ehgBaphycR DNA
conprising the base sequence shown by SEQ ID NOI. "Substantially the sane
am no aci dageqeefvetoi peppdestei ifehexumm eof GRPREA 6GBIRFeinf oPBARasbrain

am no acid q o having an identit a . 90% re.. preferably
95% or m)rg,%grrg?lg %?]ége?ng?g%b%ﬁaW/o O%G%Fﬁe?%#%lghegggrﬂﬁ gsgréalé'irlg ;%e@& hce
shown by SEQrkBnNOBRL.BAbdsthe&ih) KECR Aidmiracirdl seguanice edenybkydcan be

cal cul ated using the honol ggy cal cul ating al gorithm NCBI BLAST (Nati onal
Cent er for SBFELBEMNBFEgHTAECF#PH? mati on Basic Local Alignnent Search Tool)
under t fol | owyRg adi L1, 0 %ﬁﬁfg: ; 3 LXE MB2;
filteri Egzsz) ) i aeemg%grg&?e’lﬁn 'avi'ngﬁsrlf%gt%ﬁq %}gfghﬁgggégngggcmggo acid
sequence" iusepr éber 8bhkysama phepess eaofthaimmot G2R4Ghuen hakmeXaffpbeing
protein con*@éi.si n%nsgb%ganti al%the sanme am no acid sequence as the am no
aci d sequefE8I&fbwNChy "BBEPTD R 22 VAT 14Vi ng substantially the same

qual ity of [(gotigyity as the protein consisting of the am no acid sequence
shown by SEQ ID NO 2. Exanples of "substantially the same quality of
activity" 20 inci'0dBNR| gaal ¢ncedes fareeedoanpusc iR 48 d 16haoki ke (i ncl udi ng
agoni stg, a?ﬁr%%ﬁ@%ﬁt i%&\i@é@,@“{% f&{o%";is} Yor 14 rnaocce'a'n“'e%ogéﬁ’éus GPR4Q, .
concentration ralsing action, CAWP production suppressive action, pronoting
action on DNAuinnriesietidp presepanar adid agn-telrss amdnihebkikg. the
Substantially.the sanme quality neans that 25 these activities ar

| e
qual i t at i v&PYIEGEI Q4 Eﬁg.e Fbfefurelont But Aoty tNat "tRedpFEEePRS; be

equi val ent theseagh EhercbRab ehiR @rdJnd ol RHNGACHMLLY malfib i a¢ebLul ar
Cad4+ concentration raising action, cAVP production suppressive action,

i nsul i n seerempda, pmonee) nNgedry i Yre sgubidwt |afkegensutintroduction, or a

25 DNA that encodes a GPR40 derived from a heterogeneous mammal

(for example, humans, bovines, monkeys, pigs, sheep, goat,
rabbits, dogs, cats, guinea pigs, hamsters, rats and the like)
or a protein having substantially the same amino acid sequence
thereas. Preferably, the DNA that encodes an exogenous GPR40

30 of the present invention is a DNA that encodes a GPR40
heterogeneous to the non-human mammal being the subject of gene
introduction or a protein having substantially the same amino
acid sequence thereas, more preferably a DNA that encodes human
GPR40 or a protein having substantially the same amino acid

35 sequence thereas. A DNA that encodes human GPR40 includes a
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30 quantitative factors such as the degrees of these activities (e.qg.,
about 0.01 to 100 tines, preferably about 0.5 to 20 tines, nore preferably

about 0.5 tqQ 2 tinmes) and the nol ecul ar, wei ght of the protein may he
i ferent. IERSIFEmEREOTse AOE 97t T e SUbP AN Garmb Vg Bt P05 2

intracel | ulgfe feahbH135 aCPREECBLHBLL §Dnd at1Sd Nh ACIdLfhencAMBHBLAABGt EBB 1D
suppressive 10 action, and insulin secretion pronoting action can be
per f or med iNP:dccor Gapeeani ihl hetthsdsansowniper ased fegueraapl Fclides,

activities ca e sur.e t reenj t-hod cr.ibed in _patent
docunent 3 a g&% g%%gt g HP&%P ggﬁé@’fﬁgiqgﬁ% d%”a%ﬁgﬁ 0a8§§i388uEP8%?a
non- human neimnlg anckddattibe gbusieout rels of rhanst erederiaveg DBAsodessrikbed

in patent docunment 3 above and the |ike. [00141 The DNA that encodes an
exogenous @ORAD Ar&tgraPeyapPeurn®dd o TG orkS e PERO(ACdd, sequence

conpl ement ap BNA), Lickerof 95 8xaRh eund TV COMRRL 86 NgeLhes biasengeauence

shown by SEQ | owever, in another enbodi nment, an intron-containing
form (i.e. ,idgertdiyc cBNApecanlatsatde usierwy prief draatllpdyecadselehénd' - and

3'-teLm nal_.sequence ' ns.are c n.to nost eukaryotic is genes
Chonever | BaeR g ReBae bERS R INAE foteh Tt BONGELS e RenSorRe of
mouse GRRAGHKfdzarBavk 88686S1.68aNoa1l NAMGAOBealcH Tansiuatert twet h t he
40534295 position to 40535197 position of human chronosone 19 ( GenBank

accessi on N@llQ@1ipg009ndi ViERSs kxS Tod1 TP @Llepwo6306) risr8LOREME2;
113965103 it A 113966005 position (reverse strand) of nouse
chrormsorregf}iféggégngFEZéessi on No. NC 000073 (VERSION: NC 000073. 3

G : 83280982)), reapeebiethyhanbng ndulestarst jprldgentheatsameasinine thedhuman and
mouse GPR40 genes] ., &0015% 25The DNA t hat encodes an exo%pnﬁus GPR40 can be
i sol ated by SEUPHFI di-ZaPrBhehdbhod bt g&?ﬁﬁ% iRe, £QSing all or

a portiqn QiagpNA depiried:hl 0FhbPEs PN B barlt ANy ftdle htsUamiskehetal
muscl e, kidney, adrenal, blood vessel, heart, gastrointestinal tract, brain
and t he |i lkeawengehasahher aBiny az¢ bdissemrernmEnavniy SEQAW Nes 2, nenkeys,

pi gs, sheep, _goat abbits Qg cats ui-nea pigs, hansters, .rats, mce
and the Ii%gfggﬁdSggagﬁgn%%lgxw?%%r%§g% r%%%% éggﬁ%¥éwgﬁﬁya5v§%Fable
genom ¢ DNprbitbrar yoasikbengt artiig dmires iadid Wediint® aholiNAbLRT epar ed by a
commonly known net hod from an RNA derived from 35 the pancreas, liver, fat
tissue, sk&Petal %ﬁ@m@%gsl@ﬁhﬁiﬂbspﬁntlally the same quality of activity”

20 include ligand [i.e., free fatty acids and the like (including
agonists and antagonists)] binding activity, intracellular ca**
concentration raising action, cAMP production suppressive
action, promoting action on insulin secretion from pancreatic B
cells and the like. Substantially the same quality means that

25 these activities are qualitatively equivalent. Therefore, it
is preferable that the proteins be equivalent to each other in
terms of ligand binding activity, intracellular Ca**
concentration raising action, cAMP production suppressive
action, insulin secretion promoting action and the like, but

30 quantitative factors such as the degrees of these activities
(e.g., about 0.01 to 100 times, preferably about 0.5 to 20
times, more preferably about 0.5 to 2 times) and the molecular
weight of the protein may be different. Measurements of
activities such as ligand binding activity, intracellular Ca**

35 concentration raising action, cAMP production suppressive
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adrenal , bl ood vessel, heart, gastrointestinal tract, brain and the |ike of
a human or various non-human manmmals as the starting material, using an

ol i gonucl eot i de_prepared Of.the basis of a conm only known $R40 gene
sequence as$THE pr 85% OPSBL P i Tt S gL ometing ‘?F%fl?& SAPMRE BFTthEmed
present i nvenkicedrighak Ngith DWHAA 18060088 raReeX FgenadsmePR40thkBean

expressible state". Therefore, to introduce the DNA into a subject aninal,
it is io gefErAlltyeadvant RyamasYrddy tthe DAcseriasr seihedst dearngbad
expressi on;cassethe WheLel . t e]%%i | 9iped ;dauwnstream of a pronoter
capabl e of l?‘u%ctlleoni ng Pﬁér?%eycae S oa?ndt ?\Eg%sgﬁ%%ct animal (e.g., expression
vector and the |ikds §HH1 Ancilds ef HPRAEC Herrs vEdr feamr 3 ngnahhédn tih@tma 1

encodes an .ex no GPR40 i nclude Escherichia cql/i-derived plasm ds,
Baci | | us S&Bf:ﬁgﬁg- gé?i@%‘&ls%T'aleﬁtd’s,oﬁ/ S-td%r‘%\%&vﬁgagﬁlf\&s deggetBeflophages

such as A. pphage, daphf@ht 03 AMSRCtand rses sxch as retrovirus such as
Mol oney | eukem a virus, lentivirus, 20 adeno-associated virus, vaccinia

virus and H48dBdvirus, and the like. In particular, plasmids (preferably

pl asm ds derived.from Escherichia, coli_, Bacillus ti .S, or _ye .
particularly pl agirhedé%zge%a\e/te rfcroodrﬁsEsacrhéarx?) e’|n<'§1)11(§"of%ilLL 4Qnasaﬁfrﬁ£l\ér8]i§igs:é%
(preferabl ynr ehtovh+fitee | Bt Vi1 Ws), afdnplieafcralle DNA) [OQES] for example,
Exanpl es of the pronoter that regul ates the expression of an exogenous

GPRA0 gene?i REPUBETPT bt rid D P 4ih S WEFe #PPMBMPYi PESedD(HOg1;
eyt omegal oyl uger Nolneo Uk i, I MkyS,-BLRRSRSARC P! 1S 2N

the like), pronoters of genes 30 derived from various manma
bovi nes, nurkewsc PNAS,caherimo dematyseadalpictferathdygs becatise ghkenda-pags,
hanst er s, mce and the |ike) .and birds (chicken and the ||ke for

t
exampl e, a gﬁ AR HOTHBISH DR SFe 2TRUSCOTER EPeBPPhe RIARERT1E Y pe

| and typegbhe§Olha@sVer CYddduAMREICRAIISH hamaRl @PRUD KkRASepPhosupunit,
atrial natriuretic factor, dopam ne 12
and the ORF of mouse GPR40F (GenBank accession No. NM 194057.1)
is consistent with the 40534295 position to 40535197 position
of human chromosome 19 (GenBank accession No. NC 000019
(VERSION: NC 000019.8 GI:42406306)) and the 113965103 position

20 to 113966005 position (reverse strand) of mouse chromosome 7
(GenBank accession No. NC 000073 (VERSION: NC 000073.3
GI1:83280982)), respectively, no intron is present at least in
the human and mouse GPR40 genes].

[0015]

25 The DNA that encodes an exogenous GPR40 can be isoclated
by a hybridization method or PCR method and the like, using all
or a portion of a DNA derived from the pancreas, liver, fat
tissue, skeletal muscle, kidney, adrenal, blood vessel, heart,
gastrointestinal tract, brain and the like of a human or

30 various non-human mammals (bovines, monkeys, pigs, sheep, goat,
rabbits, dogs, cats, guinea pigs, hamsters, rats, mice and the
like) and a genomic DNA derived from a commercially available
genomic DNA library as the starting material, or using a cDNA
prepared by a commonly known method from an RNA derived from

35 the pancreas, liver, fat tissue, skeletal muscle, kidney,
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0- hydr oxyl ase, neurofilament |ight chain, netallothionein | and IIA,
netal | oproteinase 1 tissue inhibitor, snoboth nuscle a actin, polypeptide
chain elongation factor la (EF1-a), 0 actin, a and O myosi n heavy chai ns,
nyosi n | i gdxshelns blogAd vessslaykeant bagh st priotiedst irgelr umaartyl dimhiP and
conponent . gienin,and.t heplikel ang.the Li ke, Preferably,, according to the
desired di sease nodel, pronoters capa%?e of specitically or i y

expr essi ng sra repdoge matte rGRR40uking hen t & gedmitic Bsatel dee . epd rslldm theand | |
pronoters, which allow specific expression in 10 the pancreas (hereinafter,
al so gener iIERAYS FePeFPBROTOY a8 PRRUFPFRY Dr R eteguensie G5 dilifalPshsneter s
of GPR40; §anedd.onot er s of serum anyl oid P conponent (SAP), al bum n,
transferrin, fibrinogen, antithronbin IIl, al-antitrypsin and the |iKke,

whi ch al | oWwO8ilg expression in the liver; 15 adi pocytoki ne gene pronoters
of adi ponectin apd the Like, .which allow specific expressiaon in fat tissue;
gene pronoters o&gﬁugglﬁﬂlﬁﬁ& ?hep??H%Fe 'EFFQN?QR&éﬁxﬁﬁ % s itHRt n
skel etal nmis@iers ganexpgenvhser sprE PTHA Pkl &g ecaptiiire atchddre | i ke, which
al l ow hi gh expression in the kidneg; gene pronoters 20 of ACTH receptor and
the like, WHeEPTarPowtRi JRtERPRESSHoR PIR tHRtQd ehidt]eqferidimadnotidr § sof

br epr oengoliield:in 3 ,a8dyLACaLLGs VB! Glo ALAOVBREN I G PRSI B o0d
vessel s; gene pronoters o and p nyosin heavy chal ns, nyosin |§ﬁt Chai ns
1 and 2 ancéxpheslsiiba, cehsehtal Wbardight e PPN si ©nj dimddheidweaitireazb ogFere
pronoters of fatty acid-bindin roteipns and the like, which allow high
expr essi onpirr‘?mﬂjf&lég_géi’?siﬁt 8§t ?H’g?t%?%ﬁ‘? ﬂén@%r‘%ﬁ?&t%r%f &fhernf’é%mr‘?o&‘asi c
protein, glanaahi el bl ar ¥xpekdkcoRr PLEE S 8k tihge 11#4&) which al l ow high
expression in the brain, and the like] can be chosen as appropriate;

pref erabl y,[0837dr onot ers capabl e of conferring a tenporal and spati al
expression profi imlar.to the expression il,e . of an endogenous GPR40
gene under physigSSSPg;Ve%%%EFt?%ﬁs? ?%Xl%%éﬁgﬁggﬁqﬁﬁﬂ%q$?§%ﬁn§kns, GPR40

pronoters ardgeheuki ker4ar endsede BHEhEPIEh P4 eFET A i vt Wiidsrilds)r onot er
is used. 35 [0019] is preferable that a sequence that term nates

't
t he transcBastildiSofuphéldesieElvae sREnTRIRNA $a e g achimesmiasls,

pol yadenyl at.i . A). S| l,.a sg calle termd nator), be present
domnstrean?%?ggﬁgggké?%ﬁa%ggﬁc%%ég aﬁ“%%bé%ﬁ%ﬁ%léﬂ%éghsﬁgq<¥;4§f§ﬁpﬁgfhusing
a term nat eas sequenieudesnwvida$rdol eney r lsulgemes wirruwker iMed ifviomsg gene of
vari ous nangals_or birdﬁ q&fficient qgfression otg%pg?Hagps ene can be

achi eved’ PPEPEFraBPyCiehed SVABUT er R Tatdt of 1t i & Yhe ¥k éhgr e
used. |n addiki onin fedrie R Posie afi dNCRRTerai e pha saxpsegsi-99.Qf the

desired gene, the splicing signal of each gene, an enhancer region, or a
portion of frpe Easrpeniehiancedkar§acitlgensullahl bd,sebe/gasihed 5 upstream

of the pro g L.on, . ion and the .codi ng region
or 3 downbrrcaSEE B BEREER AEPLRESTELS SRS e Tdee s Eo30;
Wen a Tg afhirosksi $ppeepasietly use igoahresbr et ovistiedh cetd gfeFeaeld1k,. the
above-descrihed vector preferably further conprises a selection nmarker gene

(e.qg., a?uéopégﬂstance genes such as neonycin resi stance gene and

hygronycin resi st@@ggpf@s asnend PreQIest It a fég%ri%_t@%_vitg@ gggr'tggtswﬂuced

DNA stably integrat therein. Furthernore, when’t Is inten

i nt egr at e pheannexodeceds OBPREE geparinculdes poumiticors @f tdemdsosterived

chr onosone b hom)logtg)u??reconbination_]e par ati.on of .a knockin
c

ani ma ) RSB GVEL RSO TE e veet ghe iy MY lnind WIRGE, M

virus, breast cancer virus and the like), promoters of genes
30 derived from various mammals (humans, bovines, monkeys, pigs,
sheep, goat, rabbits, dogs, cats, guinea pigs, hamsters, rats,
mice and the like) and birds (chicken and the like) [for
example, albumin, endothelin, osteocarcine, muscular creatine
kinase, type I and type II collagen, cyclic AMP-dependent

35 protein kinase PI subunit, atrial natriuretic factor, dopamine
12



25 further conprises the herpes sinplex virus-derived thymn di ne ki nase
(HSV-tk) gene or the diphtheria toxin gene as a negative sel ection marker
gene outside . a uence honpl ogous to the target site, in order to

e
avoi d r anddmi% é’ﬁ&ﬁ&%@z PRBERL EhBER et &t thalde Jederdilpédionede: 4i lend
bel ow. 30 hQQQ1&netallppr$@@iﬁ99¥eld€§?ﬁﬁ@egnﬂﬁﬁﬁggf¥’sﬂgg%htQﬁﬁxﬂﬂ?@pes an

exogenous GPRA(O, termnator and the |like can be inserted into the

above- descrEadidd v axtlomept idke chiaght edongagementfacios. loi HEEA-an 1, afigerrin,
that allo t I ion of the exogenous. 35 GPR4A0.in the T i mal, by
an-or di nar 3 ot PR IEr P 4 e iR UL U2 W in S Gprh 406 Pestr ot on
enzyne and A ilN dasdcapdothén) i keruhO0@RRlold B qungfeiared erbddi peat tHhe

expressi on vector 5 npri. sing a hat encodes an exogenqus  GPR40,

obt ai ned as cﬁnﬁe_%%gbé%g?'-i ?W%&&&ﬂp@d AGOFABGr b9 BhBr §8SéFed nonhuman

manmal bei RY da@seSuRIdRe! BYoRbEEPE NESSAL PR of Gg?édlilﬁrbagag) ¥ ey \)pf the
0

subj ect non- human mammal can be 10 obtained by collecting an in’vi
fertilizedespresstiaioned byoganpwng GPRHD eimnthd crmtgetndr-dsweari eav@gmal of the

sanme specigs,..Qr: by in.vitrQ ferfilization of..an ovum.and spernmat Qzoa .
respect i veﬁ?)lsé%ﬁne?:it 3§df r&%ngléo %%r% B QMY I%Hﬁlloown-srﬁjer%%nlﬁa L5 1Re Eane
speci es.io 15 Hee pagereagar hage toadi éi pnsl b dgémerdddka oirde Renthuman manmal

used vary dependi ng on ani mal species; for exanple, when a nouse
(pr ef er abl yRSRIFBUSEOBPLERS) nbPBICEH F ] REPA<e 1S 7HL ERU86) 9eRE of B6 and

anot her i nbred sthal Be and 4 hed bS [t | refgrabl.e that a
femal e at Igbout 4 to about 6 %Bil\i/\ﬁg -%I%&ﬁ%‘%dgné%\@t' aagzl'?!lg“’to about 8
mont h- ol d heansderrdnd fthatribbgen) cenbethieatieth Wizl ail-H=ghti peiisach efhdgbout

12 hours p day ,(for.ex 7: 00-19:00) for abouyt 1 week.

Al t hough t%«ﬁ:;lel ﬁg}h%fowpé?g?%@g‘fighg RS B3 Hatdt d:I_H‘en&tlin‘?ﬁ," a nethod is

pr ef er abh e acaRICyEOREnadgEAE Sh EEhEEe Bs 25¢ dAPIL T FRe 11iqed f@Rie
non-human mammal to induce overovulation, and then mating the female wth a
mal e non- h@raRvmERrEl fiFopxPhespiepose BAL dd} st nganee rPeeomosesscydl e and

obtai ni g 2100 QUADEREOL €8 | RIRT YPPol QA ARl dyg! - For
|ndUC|ng ovulation In a ftenal e non-hunman
skeletal muscles; gene promoters of PTH/PTHrP receptor and the
like, which allow high expression in the kidney; gene promoters

20 of ACTH receptor and the like, which allow high expression in
the adrenal; gene promoters of preproendothelin-1 and the like,
which allow specific expression in blood vessels; gene
promoters of a and B myosin heavy chains, myosin light chains 1
and 2 and the like, which allow high expression in the heart;

25 gene promoters of fatty acid-binding proteins and the like,
which allow high expression in the gastrointestinal tract; gene
promoters of myelin basic protein, glial fibrillary acidic
protein and the like, which allow high expression in the brain,
and the like] can be chosen as appropriate; preferably,

30 promoters capable of conferring a temporal and spatial
expression profile similar to the expression profile of an
endogenous GPR40 gene under physiological conditions, for
example, insulin promoters, GPR40 promoters and the like, are
used, and more preferably, insulin II promoter is used.

35 [0019]
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30 mammal , for exanple, a nethod is preferable conprising adninistering a
follicle-stimulating hornone (pregnant mare serum gonadotropin, generally
abbrevi ated as PMSG,, and_then a | uteinizing hormone (human chori onic

gonadot ropi n, genér afl HTabBFeRvtatldrad HEgUeP thet &xamprates the

i ntraperit @Realsciripbesbh0opr 3pnantkd hed i s e @Rl enammEnt§ afna1 (a
frequencies of admnistration of the hornones vary dependi ng on t%e
speci es of Po&adenyharaan mipedy2) Forgredanpllso waddethe henmhoaborivebeal i s

of B andl BGCRr RBFSRESTS o Pk P Phal e Ra g ae R

pr ef er ab$ e foenpxraspig, adsing i erd g raatficd |Seefensiel Bekatreagsr henmaneirthen
admi ni steri ng a luteinizing_hornmone about 48 hours |ater, and i mediately
mati ng t he 9F8Ral 8L nBEELVEHt Fral il ¥ &fe g iomsamaraat ar oF| Pedseqq,

uher ein tNer&TRYBLObxbAg Lol 104 Grd Al jng hanmpae aduLplgtered is | o

about 20 to about 50 I'U i1 ndividual, preferably about I vidual, and

t he anount Pokfehablyt ethé z$V0 hoemmome tadmiofi stievied vsraboahdOthe abkat 10

| Ui ndividual, preferabl ut 5_IUindividual. After el apse of a given
tine, a feﬁﬁﬁeu%‘s : hu]ar%rg P'/gogohgierﬁﬁﬁp?ﬁeh% RO BRP vagi nal

pl ug exam aapreBsanf dhethé keedisrdARpmRL, ofheedpiachiagt 5 5R8Y 6§8%e48n T enoved
fromthe oviduct, washed in a nmediumfor enbryo cultdre (e.g., M6 nmedi um
nodi fi ed WEPREenaRetR idfCBWASEHE MOV Reditdon WHERPESLredPnnp £ ByWV HEPES
medi um and J e cymyl us 2 ho | s, cand cultured in
5% gaseouse%gggg!ﬁgg%oé?%%/ /oeaallr bye ?ﬁé%r%%g%odﬁ%%tg%?u?g ﬁg 3G RALEY he
li ke until rBiloni chetwgect tiion.pddnatiear aicnjiest aod thenebdingedégiehy or
performed, _.the fertilized egg col]| ected may be stored under freezing by the
sl ow met hod ogo‘f’ﬂﬁtﬁ??‘?a‘?%p’?’%? NG 7P Re OekENd259[ Bp2ke purpose.
Meanwhi | £, rpp2bhe case of in vitro fertilization, a follicle-stimlating
hor none ané a luteinizing hornone are administered to a femal e non-human
manmal for egg cBihé¢rcai®n Jriimalsdre paspiareidn usiivng her embiyanionsten cell
preferably e 30 described abave to induce ovulation_. after which ova
are col | ect(gﬁ g%\%jf)zijl%her e‘%mlvne zil%r?ec(ﬁl}/fr%d; SEHEFt PFF%SF?%#}Y(E?&}?%YR nedi um)
in 5% gaseetBpLasdona diend ctel/Rb Haaike hyyenle (@. ¢ 9dueagCHES U €aRBE hodh and
the like until in vitro fertilization. Separately, the cauda epididymdis

i s rempvedSEFBINTS PRO®Y Gidh-r35 Hames Femearnsf hEsos AEn spesi statehe sane

'S col | Qet 80 Shd B Gt 1Tl n AoRBGT o rar T8t roafeed BF gpasEya mes
conpl et onizmtegtm’fm ethetaire, Epethatmeova, avkeadiedi ¢ Oiriﬂtm-dmﬁiﬂﬂn for
ferti|iZaiigggé§g%éﬂ{Eéﬁ%&é¥%d€€%a %&%.%Qeaoggr%ggular location on the
host chromosome by homologous recombination (i.e., preparation
of a knockin animal), the above-described vecfor preferably
25 further éomprises the herpes simplex virus-derived thymidine
kinase (HSV-tk) gene or the diphtheria toxin gene as a negative
selection marker gene outside a DNA sequence homologous to the
target site, in order to avoid random insertions. These
embodiments will be described in detail below.
30 [0021]
The above-described promoter, DNA that encodes an
exogenous GPR40, terminator and the like can be inserted into
the above-described vector in the right arrangement, i.e., in

an arrangement that allows the expression of the exogenous

35 GPR40 in the Tg animal, by an ordinary gene engineering
14



5 cultured in 5% gaseous carbon di oxide/95% air by the mcrodrop culture
nmethod and the |ike, after which a fertilized egg having two pronuclei is
sel ected undeé a mcroscope. If DNA.nicroigkectEon i s_not inn@dbﬁ%ely
per f or med, CHEFERE FPZRE 29g IRt & et ey e 150 8d “HAdRF FPee2ifg by the
sl ow net hod igasthantiotnbt 1akapi d nethod and the Iike. [0025] DNA

m croinjection into the fertilized egg can be perfornmed by a conventi onal
met hod usi f§%82domonly known device such as a micromanipul ator. Briefly,
the fertilized e 5 i } 4 o] f L. f ryo culture
is aspirated and9?nén%?%?gggeﬂg?ﬂgﬂ%ﬁ%%ﬁ%iEégbfpgggg%gghdgéc%%g solution is
i nj ect edsdicoeptrigingt @ DR hbehe orcddmlan progetioass GPBAET eohbhynedt ast he
mal e pronuc] eus,  using an injection pipette. The introduced i s used
reforabl y CEPEELSE BEPRE: ht YL GAEd G ettt CABRLPL § gP abven:

ul tracent rihhHgat h9AmQl BEiAY SHe EXANGE PiesiRkreahyeetand.the like. It is
al so preferable that the introduced DNA bé linearized in advance by cutting
the vector [§828llon using a restriction enzynme. 25 [0026] After

i ntroducing the PINA fertili e ' I ed in.a Lumifor, enbryo
culture in 596gasgoﬁ§£2§r%§%£%+d§$§g¥g%§kéﬁ%%b§% hguhggrggﬁgﬁycﬁ??u?%

met hod amdoblieihekebyintollébeidg @elin stiage fleathlidgedcysty sbagenedafl ber
which it is transplanted 30 to the oviduct or uterus of a pseudopregnant
enbryo recPpitdRe fehale ABA- hemale meRdivmam 8a8mely 6T 6BFpPaRe Fefaies,
non-Numen BRIBY! 110k ALY YOrt LLEPLL M T8 € A ARA Gbethgrsage species as
the animal fromwhich the early enbryo to be transplanted Is derived; for
exanpl e, wmespachbuséyearl yeendd yiorams & riamsgleantnedmads aohehminen| GRumalise
(preferabl§ a?ﬁét 8 to about 10 week-old) 17 and the like are preferably
used. A knS¥n At AdBSoPPFERTRri ng an embryo reci pient femal e non- human
mammal pseudopr egRanigé s, r&&F i Gy B &t idEeHhed temiksl B TBEI ABntA8man
female with a vasectoni zed (vasoligated) nale non-hunman mammal of the sane
5 speci es ["EBRadxHApHevary @¢Rerdid ot AMFEde SPRICERSA FRFeCKEMPABusehen
(preferably ﬁBBBfa S meeLbz 0y ¢ °z£r M{%)of and ;seh e is?.Qa% f gqaLe,gonti rmed
to have a vagl na Pug. " The enbryo reciplent enal e used may be one
t hat has ocehaLédinBéyy al] ywf @6 ane mecetherngnbutdi atzaiy, hatdroties /ike)

rel easi ng hornone (generally_abbreviated LHRH) _or an anal ogue t her eof
admi ni st er éd BFFSr gB tatPh f%%?@#%ﬁ@ﬁ?ééﬁéﬁ&%&@ @rad PPﬁageH? RBPBE fo

i nduce LertikbktyiaEXaaPhesa 0d dheddiRH And) egrid BChbERh-01d be used,
[3,5-Dil-Tyr5]-L1-i-RH [GIn8]-LHR, [D- A a6]- LHRE [des-dyn]-LH RH
[ D- Hi s(Bz1pBf- that- PreantcEt by | 2ed xhet Wil ht kerldghtapgritkd bitkeboThelanount

of LHRH or . an_anal ogye thereof adm nisfered,. the tim ng,of ting with
a mal e nonRﬁH‘ﬁﬁ ks T‘iya{f@? ?%aé“%ﬁ z%'g{or gt%’g)@qvaroyr (%Bgﬁd%ngegg'the

speci es of the naDthongh fRETE .vihes @xadinlie.a tween rblye beophuraauranmal is a
nmouse (preferably an I CR nouse and the like), 20 it is usually preferable
that the fBa&LBInpAsBEhROARE 2PV 3D 1falCMEISE "ShEF1B1g5¢5 100t &r

adm ni st r ati.QQ 5§$%1 -1 " a of LE an
analoguggthg§§g$£5d nig%ereagﬁ§£ﬁggg?%§ﬁ%§§%%I%QE¥BQ%#H%6/%ﬁd|V| gél,

pr ef er abl yoabpovull&t pgnj namdi duat .mating the female with a male non-human

mammal, for the purpose of adjusting the estrous cycle and
obtaining a large number of early embryos from a single
individual. For inducing ovulation in a female non-human

30 mammal, for example, a method is preferable comprising
administering a follicle-stimulating hormone (pregnant mare
serum gonadotropin, generally abbreviated as PMSG), and then a
luteinizing hormone (human chorionic gonadotropin, generally
abbreviated as hCG), by, for example, intraperitoneal injection

35 and the like; preferable amounts and frequencies of
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25 [0027] Usually, if the early enbryo to be transplanted is in the
norul a stage or after, the enbryo is transplanted to the uterus of an

enbryo recipj.gnt; e e emryq is in st age before the
morul a st age ??%Fkggg%%Pe?Elﬁggl?gﬁééﬁﬁft%?%ﬁ %?elpgsfaggggnﬁpﬁ8 e5; RE
enbryo is tthaensphahtednt pathhel ovirduckexakbeef ewhke the RobhryOn&LCERRANHOD i S
used as appropriate after el apse of a given nunber of days after becom ng

pseudopr egi@nt H@Béﬁd#ﬁﬁegﬁr?ﬁéydé%éWBﬁﬁ%ﬁF%F”éﬂéﬁgagfSﬁﬁéi@nﬁPyb 26 be

transpl ant e$78T0%6 958D €, oA BhakfSHRhed M %tfrgﬁﬁl,eaﬁé gﬁgss%-%)
about 0.5 days after becon ng pseudopregnant is 18 preferable for the "

transpl aft generadf yaa2meshpdsi agereftnramle amohpe ifsémel edminsetatriaboat 2.5

days after Lhnd._pseudopregnant i s preferabl e f.or the transpl antation of
a bIastocyggﬁgqgggrﬁgigﬂf?g%ngh o%ﬁﬁﬁ%ﬂ)éﬁﬁﬂ[ﬁ EREERY & sUEREDLRENPzed
(pref er abl horAveaet aboublenbuhahranthide, ldrke iamedisedy aBtifg $hanrksafade,
the ovary is pulled out, and early enbryos (about 5 to about 10 enmbryos) in
suspensi onTPHSE Hedhum PotedRPISR tuldhad e fefjtddieqd ros t Wheveinnthy of

the abdom nal,,@st s¥m Ak fgflf%f%i§€%ﬁ%%§?yé;%Qﬁm% %r%@ﬁihqg%e%88£§?Ction of

the uterine horn using a pipette transpl antation

| f the teaabphéntédtenbbyoti vl Hi isndsiucicksdf, uldne fandbillye apohity 30r eci pi ent
femal e bec S_pregnant, non- human nma | _pups .15 wil |l be obtai ned by

nat ur al de&.véP@lX? BadsafBAnt %d?%ﬁﬁgﬁé F&ﬁ 9€5FﬂpéﬁﬂnﬂeHQF@§n?hat have
delivered aamihakt¥raseidl hvved d o u¥due osueklinkdvikhathe pPuRe rah¢
delivered by caesarean section, the pups can be suckled by a separateVy

provi ded fékaré PofUdieRividui¥or exanple, in the case of the zo nouse, a

femal e nouse wit a LN d..delivery (preferghly a female | CR nouse
and the Iike)). Ff)ggg] ELEBEL NG AN e B R Yol bR e T
exogenous EGBRAQrmedthe hevéeidtdmerhrg] seMaginage plaigsesbmnedasdohhahdt BRe25
i ntroduced DwA mﬁli be present in all of the germ.ine cells and somatic
cel I's of th& EubF et RPRABAL MR neehmid Lt W&o e der iforepREeAntreMutbe DNA i s

i nt egr at edoi,baCENT QEBSOTE: DNA £an Be €5l ShBied D kar (8XamDl gy gscreeni ng
chronnsoneoDNAscseparated %nd extracted fron1g%ecpafp %f(gﬁg'bug}6by
Sout her n 30efybni diedt f bad Wh RCRn Tivelipme s @t med iamDNM2t hatliemncoWEs an

bt ai nod. abAEaCITREd abOUE TR THALR AEDURSY RGEo0nEaABS PRE EBUbHBUS
GPRA40 i 50 ppepratusncal 1s pfandengaryiddang reell gaareusomibencahbgiQl/akh
animals in the 35 subsequent generation (Fl).

air by the microdrop culture method and the like until DNA

microinjection. If microinjection is not immediately performed,

the fertilized egg collected may be stored under freezing by

the slow method or the ultrarapid method and the like.

25 [0024]

Meanwhile, in the case of in vitro fertilization, a
follicle-stimulating hormone and a luteinizing hormone are
administered to a female non-human mammal for egg collection
(the same as in in vivo fertilization is preferably used) as

30 described above to induce ovulation, after which ova are
collected and cultured in a medium for fertilization (e.g., TYH
medium) in 5% gaseous carbon dioxide/95% air by the microdrop
culture method and the like until in vitro fertilization.
Separately, the cauda epididymidis is removed from a male non-

35 human mammal of the same species (the same as in in vivo
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Usual ly, Fo animals are obtained as heterozygotes having the introduced DNA
in either one of the honol ogous chronosones. Different Fo individuals have

t he |ntrod%ped QNA i nserted randon1¥ into different chronosones unl ess the
i nsertion STy 182A6ABRoyBURTPERBABI HatFeR) » RPDI ARFAHGHREA §BSE HEvi ng

the DNA thabigecedesahhe %egeeeyed@ﬁ@ h&a et he pf ftélecﬁqr@t%%us After
chronosonmes, an FO ani ma F a non-transgeni c aninmal are crossed to
prepare an CPEPARLAaR, OénﬁhﬁePE$©§¥g@n@,s$m¢1mﬁﬁpadﬁﬂa¥ﬁ d@@ﬁdu;QIMQe

i nt roduced in t t he 1o honol agous chronn QuES Imay

crossed. If 1 é&%ﬁgk %%Egﬂﬁﬁﬁﬁ%%nl% egraté&g Y At orfé geﬁe Iv@u§r61/4 of
the F2 api mallsuektaineds wghbeBESh@ﬂﬁﬁy@0ﬂ36x1déﬂﬁﬁg dinr anotrey narbodir

an expression vector conp r|S|n€%a 15 DNA that encodes an exogenous GPR 0 |s

i nt r oduced GHACYrENEEhEd| Rt thpel hbR- nhERr R QMQQﬁ}%M%?QQH%g@Ct by a
comonl y kﬂ%%n@'attmgdpQBnggﬂ@l' DLrodyctiofn Shed) as gg] Ry at %? A0031]

An ES cell refers to a cell derived froman 1 nner of a
fertlI|zedneggonnjeh91bhassonqst1mmegeate&mipﬁmfdnmadJlﬁﬂmat&xtuuﬂized egg
mai nt ai ned il.e |ff nfiated state.in vitro. ICMcells are
dest i ned t6’\gf%8rlﬂ?1€ hE‘BXn%? <§ E‘?%%ﬁr’b%lkfyse%}? ﬁ#%%ﬁh% §§u§§‘

i ncl udi Rg @gm&heebhg,matgogagﬁg tH@elﬁﬁécell used may be of an established
cell line, 25 or of a cell line newy established in accordance with the

nmet hod of EP&rSland Kauf man (Nature, vol. 292, p 154 1981). For exanple, in

t he case of nDus 53m98%£§%ﬂ%§¥ﬁgﬁlfnggr Hgdﬂi E%P%ﬁﬁé ?hernnuse are

currently genera use e i nmuno oglca gro eof is

uncl ear; f@@rﬁb&mpdrpgseSCBﬁveﬁta@mulrmemmdﬂsmsﬂdg;aﬁcdmmmmm@'&hb&mn i nst ead
thereof with an i mmupol ogically clear genetic back%round and the |ike, an
ES cel | est&BI&nEHC r6ﬁ1% 57 BPTR HOGSREQF - f Bérea LEDFEDRoGSELEELZRE €99

C57BL/ 6 ;an¢h1BBAL2) n WhRLEeLHatBs éffaélm@am?rfc% MR RPI Ak AR] § f rom
C57BL/ 6 has been inproved by crossing wth 35 DBA/2,” and the Ilke can al so

be used suiasaBirptepnaaddinnohilbzed qu@gnglaﬂMhMKagH@wihaﬁIdmﬁ at B¥Anunber

of ova coll (S and .t hat. the. ova re r bust m ce have the
C57BL/ 6 nn&%ghggophe bacgacgﬁﬁddfﬁ%?%%¥ By EE§K,JEW?' erived

t heref rom gannbelvasd pe¥astagepUsShYoi thé haéle V)gﬁthtﬂfl%Qﬁ | ARG idhcP a6l Sease
nodel nouse, the genetic background can be replaced with that of the

C57BL/ 6 nod®d o6y 1BRCRIBPEESH ngilVa tinter a3 ANApdgeused preferably after
20 being highly purified using CsCl density gradient

ultracentrifugation or an anion exchange resin column and the
like. It is also preferable that the introduced DNA be
linearized in advance by cutting the vector portion using a
restriction enzyme.

25 [0026]

After introducing the DNA, the fertilized egg is cultured
in a medium for embryo culture in 5% gaseous carbon dioxide/95%
air by the microdrop culture method and the like until the 1-
cell stage to blastocyst stage, after which it is transplanted

30 to the oviduct or uterus of a pseudopregnant embryo recipient
female non-human mammal. The embryo recipient female non-human
mammal for embryo reception may be any one of the same species
as the animal from which the early embryo to be transplanted is
derived; for example, when a mouse early embryo is transplanted,

35 a female ICR mouse (preferably about 8 to about 10 week-old)
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[0032] ES cells can be prepared by, for exanple, as described /o bel ow.
When a bl astocystic enbryo is collected fromthe uterus of a female

non- human namml, [ fon e | e, a mouse (preferably.a e of an

i nbred strain su}}:% lglskecé%gpgf{gg ?’lf‘flug éBG Zﬁnﬁ‘%ﬁof‘ﬁéﬁ%ﬂ%ﬁ&e@&?ﬁ? and
the like) iz usedya deenmplientodsaaat abavhuBahomaheat Jdwesk-&rh{rabout
3.5 days o estation) mated with a nmal e nouse at about 2 nonth-old or

f_I5
more is prefer a5 RISedP PGEPRA £8Py LEABEYBR RS heherof el & tveigeh 6 bef or e
s col | ect achddamiihaOviviueh cathel waiEhnoh HEYLDGEHALIGT diL 3 pdium

for enbryo culture as described above until the bl astocyst stage),
cul t ur edsorfRediBrer(fofr 2xamppeopinatbef cederofed Imofdar vetand epalien Idre

case of a e rimary. fibrobl asts prepar froma fetal use, conmonly
known STO ??ngrssoébl( srter%r%glé’n&%fjﬁg %i ﬁ‘gﬁl?%&i& RBITL DY) ¢ DI SRhSdyse 2
gat her to ffmmalan doa¥itrheld wol hadbf iae{zggihalepiﬁtgp an enbryo. This inner
cell mass is trypsinized to dissociate single cells, 25 and while

mai ntai ni ng an agpfofFP&Ye EEFLPAERE| f9mahe wekd rep ekl e xdiendes,

di ssoci at i i ARd A r gpegl,ed I s. are qbtai ned.

[ 0033] Al though bot El%%% gﬁ%ﬁd ?grrgflg E%%gffggcﬁigluélen ) Ei1r?151 "®50 ES cells
are usuabl yralmesicgnhemninent i(gepeepal iy ngbhrger atdd eLHEH MBS @.arAlas@ i@yuet he
sake of sa\gcihn%eg%i nstaki.%g | ahor for cultivation, it is desirable that sex
i denti fication be FEFFBITEGTES BALPY 5 BRSSPI LINE daiftiemzache net hod
of identifyivagdingatey)ofmadd, EBoCehbubs fefElod, .CO@EL%@':L%Q 32 afn! L%Kh”g
and detecting a gene in the sex determ ning regi'on on chronosone by PCR.
Usi ng t hi s a%@tisede dpsdtde ¢8r bnhisf TES Icdil-RH, aH6un  bOLGeRE s) [D-<Ala®] -

sufficient ; compar, Wi-t hid,he .conventi onal d,., Whj ch i res .about 106
cells for %éf%%%y&gggﬁgﬁgsi]s?ﬁ%rﬁfhgy %%FA%?;S 2@&&%@ %%%ycl@m %n 5
early stageheskofubhidvaheohikan bEhperdamedhyirex ordant khhgagien, thus
maki ng earl&él sel ection of male cells possible, whereby |abor in early

stages of CUEEEPAt PS‘WlEéﬁtﬁée?ied%%dtgie ghifirarmd ynatdexo ety aseladet inon—can
G bandi ng. her haa gt REEPE, £h8, FOLA LR FOL PR TR s M unber
of the ES é&@elcielst aifntdebronobdnan méremabr nelormexheplchowkear thef nbhis i s
cel | 1ine SRIRFnBSHRRd " P S nbtali VEhT Eorriaty 780 aiioriauime 0 RoMUdLFGn.
into theo E$tcekl nstbelgepecberagte onesh i Mo Lerd o] Ind fn%"teﬁx%rﬂEixeB in
the case of a nmouse, a cell whose chronosone nunber is 2n=40). [0034
male mouse about 4 days after administration of LHRH or an
analogue thereof; the amount of LHRH or an analogue thereof
administered is usually about 10 to 60 pg/individual,
preferablyvabout 40 pg/individual.
25 [0027]
Usually, if the early embryo to be transplanted is in the
morula stage or after, the embryo is transplanted to the uterus
of an embryo recipient female; if the early embryo is in a
stage before the morula stage (for example, l-cell stage to 8-
30 cell stage embryo), the embryo is transplanted to 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 embryo to be

transplanted. For example, in the case of a mouse, a female

35 mouse at about 0.5 days after becoming pseudopregnant is
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The ES cell line thus obtained needs to be subcul tured 20 carefully to
mai ntain the nature of undifferentiated stemcells. For exanple, the ES

cell line i |.t ur.ed or .exanple, a nethod copprising culturing on
appr opr i ateE§ egileé e‘_’#’l@elilljo}séj, t Fkgréﬁ’%#’?m%ﬁ%‘%t%, ?ﬁ%%f]pr%?eqﬁee“&r@'F (1
to 10,000 Wrd )s feneie asudedatfl epenti 2t b ofdagsippfessiv:dmdgipr, in a
gaseous 25 carbon di oxi de i ncubat or]@épref erably, 5% gaseous carbon

15|

di oxi de/ 95BSHUIBMT NGty dEnP5oF §aakba st erar Hon eF IS RIS OO T Jofate about
37C, and t Ik Ly e, e%]aemg i iS.treated
W th trypsir}%llallzég%ys,sgﬁ(&tr]ieg\%§ ggua %ro. 01 tor&og%)eﬁﬁfgg#%/ %.e%gtlg 5°mM EDTA,
pref er abby asaithed ir%d30ptreypsenl ¢, iWEBTE), tNemibttaah aidigihe Qeldes anshi ch
are sown orhtodf)reshlé pr.epared feeder cells, and the |jke. This passage is
normal |y pettormed evd@F Y510 8 BAYS, T i AP THi th R LI ménd @adrivhed;
i f a nor pheegiyeal |spabrosmab sebhti $0fompeyodf 15 sesidable, tihat -
cultured cells y%g d(i scarded. 35ES cells can be)t di fferene':nia%'}'toqu lil?fre:taot“{aé%lvjﬁu e
vari ety of I2r empgye eplEuke, araciudepiepatiiee athensictinity sdertdle nuscl es,
and cardi a ; ol.ay o unt, | the.reach aof a _high density,
or suspens%gr?é %EL t% r ?‘%%I g? hgﬁ?ol#r%ﬁ]gen {c}ﬁb‘%:e% etahgegrugcgeaﬁlélse, ¥er
appr opr izat g uperdioni oifis thM dteFvaasherd WM ithg S Kaigemis MNat WM - 292,
p. 154, 1981; G R. Martin, Proceedings of the National Acadeny of Sciences,
USA (Proc. SPIAREALigR: U S A), vol.78, p.7634, 1981; T. C. Doetschman
et al., Joympalgjof Enbryol ogy and Experinental Morphol ogy, vol.87, p.27,
1985]; the non-human mammal cel |l s expressi ng an exogenous GPR40, 10
according to theIpré&bentrengphenoed etbaymedublardis feramssdhilly amdESheel |
i ncor por at ie%r o%ct hgt ngn%odei ? exogenous GPR40, are useful in _cell
bi ol ogi cal 1 nvestigattons of “Exogenoue PRITIH Rt PR T EERGL, BUER
any of thewdallcbenophaspbat ByCRapliesi Pdd Blivry, Mt b s L6 IRRQAG AN 0N
met hod, |ipofection method, retrovirus infection method, aggregation
met hod, m EFEFAPeEEréR1fBEhEEmabrnetpin Have tdelioapad nasthed 1 vDEAE- dext r an
met hod and .t kKe,C e . gene. i ' i .ES cells, the 20
el ectropor g&??‘ﬁbﬁef@ﬁoggflg%g%e%%%l c 'os%%r%%eg%‘gaé %fqﬁet hrggqéé7§§e§f lbtyr eat nent
of a | ar gecaesberanf seetlisnanthé¢ heups kean For duek el dyr @p@re@tair@melgrdi nary
condi ti ons_used far eng iEtroductipn into animal_cells nmay be used as is;

| E8FRoRo

for exanpl BXOVAES af i DC e bel iRt ot Sy I Vi8S sesengiESheel | s

in 25 the hegakit AMiemgl eWhbuPHaASE 1 %m@peﬁéﬁﬁgh?aﬁcﬁ%e%%&? cells,
suspending the cells in a nmediumto obtain a density of 106 to 106

cel | s/m, tPapseerblrgat Remade | ECR gneusauastd esheaddikeg )20 to 100 pg of a
vect or COWEPb%bEg a DNA that encodes an exogenous GPR40, and applying an
electric pulse of 200 to 600 V/cm 30 [0036] ES cells having the

i ntroduced DNA i bhegoatedibdhes®ithe aNDeriat eiricted b s&Kogenong epragosone
DNA separated, and _extracted froma col ony obtained by culturi n% the single
cel I's on f@edEPecEPFEllbseSorAheflhyiiradh Adt issrwredPer thas Bhggest

25 introduced DNA will be present in all of the germline cells and
somatic cells of the subject non-human mammal. Whether or not
the introduced DNA is integrated into chromosome DNA can be
determined by, for example, screening chromosome DNAs separated
and extracted from the tail of the pup, by Southern

30 hybridization or PCR. The presence of a DNA that encodes an
exogenous GPR40 in the germline cells of the offspring non-
human mammal (Fy) obtained as described above means that the
DNA that encodes the exogenous GPR40 is present in all of the
germline cells and somatic cells of all animals in the

35 subsequent generation (F;).
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35 feature of transgenic systens using ES cells resides in the 23 fact
that transformants can be selected at the cell level with the expression of

a drug resistanc or .a reporter. gene as the index. Therefore, the
i ntroduction vec?grgggggd herd a5y 4575 q‘%t}ratlﬁlgg S‘Sng??‘éég?ygﬂ GadPEY BRIt o
an expr essittie Sntasslettd CBAPLHSENghar Dfe thAtcRNCRERS o3 ueX @USRALS FRR40,
a selecti olr}}g_%gr ker gene, such, as a drug resistance gene ‘?Se. g., neonycin
phosphotr a F&?Etl Fo (it duseie DRy ey dny TeRES pHoPNANSR 8eaERed ( hpt )
gene and thankiok@y 9htd hePPLEeht UBNEOAS: fhes AnBAALL AT F{?%%r@igﬁaz)isg %i .

chl oranpheni col 10 acetyltransferase (cat) gene and the or “exa
when a véchemodegprissicagomhénapion. gé&lve clidatime asébreot oot aan&ef ngetigei S

used, ES c S er_gene_iptroduction tr nt are._cultured in a nedium
cont ai ni ng%ghnggj%cfeﬂ-ggg??es AnTF P orTes s%@s”’(&i’fg,h e tREs BrIPAgIoUS
resistant calronoesmase bhansfefined Ead @ nesPechhvgerubt &% enpl 2 gs, and
trypsini zati on and nmedi um exchanges are repeated, after which a portion is

reserved f_SFO(?ﬁFfji et PERAP2EARAR her PérEidddeAnds hstibreeyadus os BgRings Sout her n
hybri di zat kA8 bBrCARCEAG LRE DLERERACSAmAG 4 Wiadycad DN ([Q037] 20Vhen

an ES cell confirne ave the 1 ntroduced egrat Feinis

r et ur nede t bomplegbngociernvsonds omy wonhtoesedmnmEl thé 1 herSanEe 8 PBEA €S,
the ES cell, get% intggrate into the ICMof the host enbryo to forma

chi meric erSr yBreFRRECHsORFARDI W Pt PR Ted/fi &ft thEt Rerap bty o
reci pi ent 2bthensheyiandoal h do-&onti nue devel opnent, whereby a
chimeric transgenic animal is obtained. If the ES cell contributes to the

formati on &P080prinordial germcell that will differentiate into an egg or

spermat ozoon in e I a imal . .a gernm.ine chinera will be obtained; by

mating this, a T%Ha%{;?r{éﬁqg%a%%%é]%bérﬁfegalmnterxé)dqfcseg&oﬁl\lxeﬁgf)ﬁt SPRBELs1ng a

genet i caj | PNRhehetnenaodde i epes@sholHAIBl40-ars EneRdHLREda;8RLMBRI B3

enbryo, theri}lagg a_met hod wherein early enbryos up to the norul a stage
d~35

are adher ef® thegh eyt @erR JrEttel Reigyr ddw isskiertnbraaneehodhlynd a

met hod 24 xpnown method of gene introduction such as electroporation.
[0031]
An ES cell refers to a cell derived from an inner cell
20 mass (ICM) of a fertilized egg in the blastocyst stage, and can
be cultivated and maintained while keeping the undifferentiated
state in vitro. ICM cells are destined to form the embryo body,
being stem cells on which all tissues, including germ cells,
are based. The ES cell used may be of an established cell line,
25 or of a cell line newly established in acéordance with the
method of Evans and Kaufman (Nature, vol.292, p-154, 1981).
For example, in the case of mouse ES cells, ES cells derived
from a 129 strain mouse are currently generally used, but the
immunological background thereof is unclear; for the purposes
30 of acquiring ES cells of a pure 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 (F,
of C57BL/6 and DBA/2), wherein the small number of ova
collectable from C57BL/6 has been improved by crossing with

35 DBA/2, and the like can also be used suitably. In addition to
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wherein a cell is mcro-injected into a blastocoel cavity of a bl astocyst
(injection chinmera nethod). Although the latter has traditionally been

wi dely condycted ddyabhe REERAE AL £ QR Of h @ FIHIEY ix @ﬁ@ﬂg&mg Es cell,

a nethod wherein an 5 aggregation chinmera is create injecting an ES
cell into thhglromadpéhktcitta ofaanr8-cabisist K enbryohavadtae nes BL/ 6

wherei n an _aqggregation chinera i reat ed co-cul turin nd aggr.egati ng
an ES cel | mrrog%se %nsd tglﬁ éggggfog?‘gggh%%?gob%beﬁﬁégﬁ'ofESt %@ﬁiéngeﬁél"feﬁci da,
as a nmet hod-ndverrodoesnnpt ﬁQQ@ié@v&lﬁ&géﬂﬁlgﬂﬁmi RUaat, 0k nand pwhbeh; ggnybe

easily operated, have recently been conduct ed. In all cases, a host
enbryo cén BSeESe Befed PPofta Hohriprat amreikaneandc ganbbeusenlased femal e
for egg colJ):egti i Reg ! i i ertili.zed in me
manners for 18 Satpla thE ERIBERE AR WY b a8 88 el p B2
determ ne trdweigger cent contribution of ES cells to the formation of a

chi nera m)u[%g)#é coat color, it is preferable that the host enbryo be

col | ected fY nouse of a strain showi ng a coat color different fromthat

of the strain fremwhith the &S R28tdd ivy,dedY edanbk eééﬁelegcrkﬂe{aih)e .

case of an ES cell derived froma 129 strain nouse (coaf col or: agou
CS7BL/ 6 1aplpsd OWc odfhem| drblastasstéc apnbrgR Avuselleobed chron: tia bite)us s

used as th | r ection: inh the case of ,an ES cell derived
froma C57 Ej%”%reﬁgééz ng%‘%%"} coa a(r:iolfofrﬁlo:r 5PEER) - C25 YBF 't PoPES$T2 cel |

(derived fremeFérabogt acubose P iinfedCotRld/ie andhCBA) c5aBL)ER(BBYSE Of
a BALB/c nouse_(coat color: albino) can be used as the female for egg
col | ecti onF1 of B6 g apathete 1gbrer sérahnneradf Bhemtim) chpassed, depends

|argely onstheieonBhsatien.vbudms &S ¢8 S Iy 304Ls moLe
preferable that a conbinati onushovvi ng g"ﬁ?gﬁ) g’é?:é ibrllgnghlﬂrgrgrcagf %r %%Ylso%
capaci t ys bgesheténn) Foated anjtte,a imaltchencemse adf abombugemohthi-s81ar ef enabé e

to use a host eng%o ﬁrive&féomthe 7BL/6 strain gnd the_ Iike for ES
cel I's deri vEdPFPORTEREY 198°<k r Hi Ahid ity GO YChdSt tBRpIYELder FlaEe T PBM
t he BALB/ Cpa8Bostr abNcalTedted | ke fiole BIicRldtS detkbvedni EAM Ehg,C58BL/ 6 25
strain. It is preferable that the femal e nouse for egg collection e about

4 to about cBliwgERdoiW, 2 drrPivatt ahempalve mydsarkorsndesagibedoébohe sane
strain at aheus @hé0bf§§%%c§%€“§§£§éﬂf*and cultured on a layer of

20 appropriate feeder cells (for example, in the case of a mouse,
primary fibroblasts prepared from a fetal mouse, commonly known
STO fibroblast line and the like), some cells of the blastocyst
gather to form an ICM that will differentiate into an embryo.
This inner cell mass is trypsinized to dissociate single cells,

25 and while maintaining an appropriate cell density and making
medium exchanges, dissociation and passage are repeated,
whereby ES cells are obtained.

[0033]
Although both male and female ES cells can be used, male

30 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 method comprising

35 amplifying and detecting a gene in the sex determining region
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5 Al'though the mating may be by natural mating, it is preferably perforned
after adm ni stering gonadotropic hornones (follicle-stimulating hornone,

t hen | uteinizing hornone) to induce overovul ation. [0039] 10ln the case of
the bl ast oK CRFEEPSEReNBY hBER - a Usiiast d&yist Metdesl yabetibr legahphe, ofn t he

case of a mRUSEjat (%rBBgE §og|c?f‘i’§) aft er,, fRidNg) i%@g!ajr%ﬁ ‘%zqt‘;l?r QYL he

uterus of a female f gg c ection (or an earl’y enBryo in the norul a
stage or befawventabnedl heikhgdeovhich eceduioms eomui dutft cefrby Berl5 cul tured

in the above-descri bed diumfor_enbryo. culture until t | ast Qcyst
stage), an aﬁgoggpﬁsaﬁﬁggﬁfsios?ot%abto BT en%?\ﬁrhé’htg%\l&eﬁﬁrzg 1&ncodes
an exogepousr@yR4Qagatr edueadt i Het Ebit @arale I g Xl Atkd My sl ast ocoel
cavity of the blastocyst using a mcromani pulator, after which the enbryos
20 are tradsisrddfégataes,t heugtBekinefear s crleptidgramt amey celds pi ent
femal e non- Y, i pl femal - human,_nma |, a
non- human %%Plt%ﬁg?ﬂ%gﬁé%eigg%gngé e.z@ianlrgbﬁy rect pien thQ%r?aoél icr?ng Te

i ntroducti areduatd aibtjelfitazetlyegg can be used in the same manner. 25In the
case of the co-cuylture nmethod, 8:cell stage errbr%?s and norales (for

exanpl e, in the CE58PERTY ABUSEIABAAD 2D RRFLCHIIBOYmtiHy F>EFe €0l | ect ed
from the,oddrct-maRg BhebHSsEhe andmh®t & ¥ 01t 189%G-9 LGl %t@a%,a%nh%ﬁft%

enmbryo in the 8-cell stage or before, after being collected fromthe
ovi duct, ndykge clittis edbsirathle dtharetdeschiroadsopei nmmber efbthe ESlture

until the 8-Gell ,stage.o la stage). and the.zona.pellucid&_is lysed in
aci di c Tyr% gﬁsog% ﬁglggni,’)eg?{)gf ﬁi@ﬁeao% S Hss or‘i"c?c\)'reﬁrdré‘téi %&1§ BRA

t hat encoded f&H cexegesodsh G4 Obé danrero Ofpropd 11 adpatiGniso igbout 15
cells) 35 is placed in a mcrodrop of a mediumfor enbryo culture

overl ai d withakrilAgPandorPe eatl abbhe-arddihded iBcelll st slgsiamblyo that

nor ul a r ef b § S f I n re. co-cul tured
over ni g%tp %'F%%% %ﬁ%agg?iﬁ?gég%%s%ﬁ%%%}}é;e%c%%J?'aﬁcs}%%]?r%{n%d%teo%te%g Ut gr us
of an enbryjotoeei ppemalScébial fonomdmpie, nEnMEle asesd idbeduwalkove. c0040]

If the transpl anted enbryo inmplants successfully and the enbryo recipient
femal e bec&’?r\% epFEﬁﬂlﬁﬁ??%ﬁh?%lP?’é Jrﬁ)r#h"u@n' manmal pups will be obtained by

nat ural delfippguy or caesarean /o section. Enbryo recipient fenales that

have delivered spontaneously are allowed to continue suckling; if the pups
are delivered byTbaeBareahl sktn¢ omhug ot aeasts dicbeedubrud teepdr at el y

Do e BILEL AR BUCHLLIOAR, (TR AL SR UL M A s, TR
For example, the ES cell line is cultured by, for example, a
method comprising culturing on appropriate feeder cells, like
STO fibroblasts, in the presence of LIF (1 to 10,000 U/ml),
known as a differentiation suppressing factor, in a gaseous

25 carbon dioxide incubator (preferably, 5% gaseous carbon
dioxide/95% air or 5% oxygen/5% gaseous carbon dioxide/90% air)
at about 37°C, and the like; upon passage, for example, the ES
cell line is treated with trypsin/EDTA solution (usually 0.001
to 0.5% trypsin/0.1 to 5 mM EDTA, preferably about 0.1%

30 trypsin/l mM EDTA) to obtain single cells, which are sown onto
freshly prepared feeder cells, and the like. This passage is
normally performed every 1 to 3 days, during which the cells
were examined; if a morphologically abnormal cell is found, it
is desirable that the cultured cells be discarded.

35 ES cells can be differentiated into a wide variety of
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the ES cell has already been deternined, a chimera nouse of the same sex as
the ES cell first is selected (usually, a male chinera nouse is chosen

since a nal . i,§ U and then a chimera nmouse shqw n hi gh ES
cel | contrfﬁﬁggb%%igféﬁ(f%ggéBdé§gn%?E%e A?ﬁs?&ﬁ%ﬂvﬁ%§e§€ﬂe3P%&%8ﬁ'tﬁ@d
basis of phenatipgesusaik,abychahotaor . clrbfuexamiia die thepase af hagn

chimera nouse aohtained froma chinera enbryo between a D3 cell, which’is a
mal e ES cel4®ferive @ f PHRPENE297 sERAF W frotslel 1 difte f Hosttiombeyo ceddi ved

froma CS7BYfaipues, bhab$ RHBHEHAPLE LERla A AmdTBhe JTOusE shawing g high
percentage of the agouti coat color be selected. Wether or not the
sel ect eds cfiavdmarnoNahumanvaan?l, i 8- Bo4ger@ive @i .ntaatdan lreodetar Agsed

on t he basi t henot ypes of the.F1 ani nal tained by ¢crossing with
an approprpgfgkgtggFﬁog Qtﬁgaégﬂ% Ahi et e P é§§*ﬁ5?0€xaN%Fé; ﬁﬁaég BRé -

case of the.abeve,desetTbedpchisey a1 g@user. agoudetserdam Bant joverhLask;
therefore, when the male nouse is crossed with a femal e C57BL/ 6 nobuse, the

coat col or °&f EPREYRICEKt aNAeBXPRr Hppnitad L iMonthe lnalyec ved - 88l eprBise 19853 ;
gern i ne chi - ] - Q i rdin hi_mer - human
manmal in?gggg?gt%%géé %ﬁ@ggﬁaéggﬁ%égg%k%%gé 5%%5ﬁ§gé5ﬂ25 ?ngﬁder) IS
usual | yiobesiceediag dohtherpzygate iraxing drie dotarioddc &g BNAféﬂeﬁEEBQ&n%&Z
of the hompl ogqus iﬂronosones. ] ndi vi dual founders_ have the introduced

i nserted rSHdg Yot HRECHRPPTRYEM & B hddtite SFICESs 3h 8%XPASBPEFORPR4 0 by
honol ogous at-ecaEBiFAat i ANce TO 1904 Bd &k & N OIARZIQ isng ra es
an exogenous GPR40 in both honDIod%ﬁ%ﬂbﬁionnsokgggﬂﬁ? gﬁeeg§é§hgﬁglgﬁﬁge
obt ai ned a3nd¥3EEPbed above, siblings of heterozygotes having the

i ntroduced shn either one of the | o honol ogous chronosones may be
crossed. Selection of heterozygotes can be determ ned by, for exanple,
screeni ng chronDanhoﬁnweaﬁﬁp@feﬂﬁﬁidﬁﬂtﬁﬁﬂIpﬁﬁé@%a&éo&bnge%%BhtaﬁiéH F
ani mal by Sou%h rn g%bridizatipn or PCR If the introduced IS

i nt egr at ed™BhI*9%at S bREt HarRr 3 okars relthedhf e feEtisnnarshrs, obearavtrws| |
be honozygehescti $¥g§ r..pr rred i W th the use of
a virus as the ex%&gﬁiE%gﬁbé% or|%?%?%Eﬁ%%ﬁxgoﬁggggg%gggﬁ%ﬁ%tWﬁﬁﬂgﬂ’early
enbryo or &Sneepiinofparnbnidiugmen metield, WHEAFa deixtuaanc agphbdi Bgd20ha DNA

t hat encod n_exogenous R40 (see, for exanple, Proceedings of the
Nat i onal ACh %rr‘f/a%f %c‘ilse%%gsa?r L§?§/(i‘e( ﬁn&&o%tllg%A&&é}P_ &ci celsay, thel . 99,
No. 4, ppp 2146t 2ddora 2l )metfiiid @GR raMen chekeaY bEBguok E?nHﬁ' é%§ I'S
used, cells (fertilized eggs preferably deprived of the zona pellucida) are

25 sown t cPRntERRTEIRE e 3 nanss eumbeeh ofs cgldsl eudetleshika. viFas trect or
is added tg;ilbe, r (df ired,. polybrene may_ be co-present),
the cells are cLﬁé%ﬁ%£f§¢%}5#§%ﬁﬁfﬁg§§E¥ﬁ§?f§% 5 F?h?ofng?ﬂg &gggogvcgh\n
early enbrimwto tdreirenbroml iss rayansf erseed also itshe fovi duaipde, ukgeUs of a
pseudopregqﬂg%wgo enbryo recipient femal e non-human manmal as descri bed

above, or T1 PRYG- " SHRESTHITOATSE BYt LEHPELDGZ30EhERsCThLS be
hygromygi nehs Bstead @i € WadMmat isgh sles t%P@E'sEE?cgeaﬁhQﬁsgé' gﬁﬂ 3?%083113”0'
cell's having the vector integrated therein are selected. 3 ur ernore, as
descri bed $¥sReEIPDddEdiargs sofint lemedium to obtain a density of 10° to

108 cells/ml, transferring the cells to a cuvette, adding 10 to

100 pg of a vector comprising a DNA that encodes an exogenous

GPR40, and applying an electric pulse of 200 to 600 V/cm.

30 [0036]

ES cells having the introduced DNA integrated therein can
be determined by screening chromosome DNA separated and
extracted from a colony obtained by culturing the single cells
on feeder cells, by Southern hybridization or PCR; the biggest

35 Tfeature of transgenic systems using ES cells resides in the
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Nati onal Acadeny of Sciences, USA (Proc. Nat|. Acad. Sci. USA), vol .98, pp.
13090- 13095, 2001, a speLmatogoniumcollected froma nmal e non- human mammal
is infected. w hC a. virus vector during co-cultivation with STO feeder

i

cells, aft e@a%‘\% At & 28 SIREPRRESg6AN URT I SeTHFRd & ith God deiedi Méitdus

tube of a rEle ddpfRitEibd BENahUPBY PBENBLanadddhe dple ddpeeitdd §anan: %Uma”
manmal is mated with a fenmal e non-hunman manmal, wher eby exogenous GPRA?

het ero- Tg (e )insigys chhebef ot aitdel jeitfiadusitiop. veetp@048kd here The Tg
ani mal of t : i ti he, fol | ow n haracteristics: (1) the
i nsulin sec%%ﬁ%%ﬁ agggg%égghggmggg%e%hc%’féaas%én,,%la(%bllct or (27 THE G 3Cose

tol erance hassdwedr icoppaiednglsd DOApaEhet shidddhearc AAREPOWH MPRL0, a

non-transgeni.c ani nal . Convent i onal lé’ comonly known GPR40 Tg mce
(see nonpat¥CHIEBALEST FEPEntLabcaFeht ABYYI dsfel TRTdeasenss (feldl-irt us

acconpani ed,d¥nyidipRiphedphBsuhhBrSEEEEL TN g@ﬂﬁv eth%y?}% descri bed
phenot ypes of tyhe Tlé) anlpmal of the presen'gn 0 in?eenr}ti'on up\éﬁlrcg%t he concept
that a GPRAcEphwtsensfemstes (hpsul gansezndtilon fileh paner eapiortprcegehs and

i s useful a praophylactic/therapeutic drug faor. diabetes nellitus.

Speci fical 1y, 9 @ﬁgggfacgﬂﬁ #Sof Pf%‘éz)pr%%réeﬁt q?}?\%ﬁ‘lp@ﬁfllicpli s thought that
because ;bheddslthahsgaeages (88t Pxgaraoxsd G40 116 )25 wBdeExhB1 0N Hheh Of
an insulin pronoter, the intrinsic functions of p cell have béen enhnaced.

Because thé PIR&HEry FEEPEESLRE ToearPihf @¥ne s jies ealaaiient imenkeer gene
observed ind \M%e%itr%b”égﬁisdsaﬁﬁéfbggné”iﬁ&gaﬂmo% éﬁé%t%‘?%‘e’t%pes are

judged to be an effect based on thé transgene, supporting t 0 reflection
of the nor mailt@PR40 ihuachedihsm tontaihiagts rdwenyeomyering denewt i6PB46 Ty

nouse has the.GPR4 pressed by the Ipf-1 pronoter, different fromthe
promoter usEEH A5t %éﬁég gﬁ?nﬁ?s%%t%lﬁ% TR (RRARTIGT aRerterasderied; s

t hought ;thalo tepdicth eeenh1 PARAOLYRESs ek ey ADSRIMeR RECS el mh§uRd
difference in expression site, expression timng, expression "Fevel, or
position ofXcheagersoArenrepeated onvSore, wivichary psitidon dasarser®@d4fothe Tg

ani mal  of %%3t&%%%§8£,iQM8”££8”rQ% iﬁﬁgy is subjected to PCR or Southern
hybridization to confirm the presence of the introduced DNA.
[0037]
20 When an ES cell confirmed to have the introduced DNA
integrated therein is returned to an embryo derived from a non-
- human mammal of the same species, the ES cell gets integrated
into the ICM of the host embryo to form a chimeric embryo.
This is transplanted into a recipient mother (embryo recipient
25 female) and allowed to continue development, whereby a chimeric
transgenic animal is obtained. If the ES cell contributes to
the formation of a primordial germ cell that will differentiate
into an egg or spermatozoon in the chimera animal, a germline
chimera will be obtained; by mating this, a Tg animal having
30 the introduced DNA maintained genetically therein can be
prepared.
[0038]
For preparing a chimeric embryo, there are a method
wherein early embryos up to the morula stage are adhered and

35 aggregated together (aggregation chimera method) and a method
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5 denonstrates the concept of preventing/treating diabetes nellitus with a
GPR40 agoni sts, as described above, but also can be used in evaluation
systems for GPR40 regul atory drugs, (including agonists and_antagoni sts) and
the like. KOEGFAPngI §eLEnes presentitiveid olﬁlq%ﬂ so Prsvoges lacprBisyr eéning

net hod for b@a@%gégs@-g‘?_@ﬁ§éc€{ofj’- GPRAO- 2Nt A900M)St . ASPARLLST Al afyéefép%ag%

test substance to the Tg ani mal of the present invention or a portion

the |ivingthedytinepddy, baen dedelyr sindpativel GPRAQcagorpstraadbnvbEyaor
GPR40 antag@nist.actiyity. If a hu t ype gene.is expressed, the screening
15 et hod %?‘%‘%Félgré@%ﬁ}’gi%%’é% i%rh%ﬁé/@é g‘sgfe&lhol w@\?é?ﬁlﬁt PRg conpounds

that actsonkyregathenhuntmetypes geneated by iMefetinggeni 86 asliVvihyo fgfers
to the nature of binding specifically to GPR40 to shift the equilibrium

bet ween t h&CREt PGALRGHAR aPitl FMatTFe FUTAADRIIRSS FoRardmgEhPdevheheino
extent of whighglsqRPtoRaktigitardy didd Bl Rer . subsg;ances havi ng
agoni st activi ?3 (%gon(i)sts)" é|JJ%1CI ude vé?a%e%ﬁgycgﬁ ggﬁf%ﬁfflméggﬁ?sts, as wel |
as parti al aggorgsting Meanbdi ¢el 1l "reagsagond sin detdelilt ptagef embriyo tbprhaddre

of bindi ng _an onistic to the ligand bjndi.ng site of GPR4O, but 25
havi ng no 8? iiﬁgm%?n"ﬁop% i%%%g%n FhHeé g%ﬁﬂiqﬂ MM ECREeACEhESFEL FG e f or m
and the; nagtir¥RahOpE a B6r tded Native fn HendizRg 14,0 BB rafkasi hgvaf GPRAO to
shift the equilibriumbetween the active formand inactive form of GPR40

toward i naéBFgBtilyheeer sperdugtaded herein, "a substance havi ng antagoni st
30 activity (antagopd st) _1s to .be f] a.,con t _enconpassi ng both
%Ig Qi:F %‘a%ég a l'fostdeeédbquﬁr\?) %%n b c%ﬁ?gc%ﬁéogg?m a rgon—

what is called neutra nt agoni sts an erse agoni's
Speci f i cal hymannmarea 5 ctleeni duh et hotedfad e fetrasento3Sehgvent i e8tign t Bst
substance is adm nistered to the Tg animal of 30 .the present invention.

Usef ul t esPCBEbERERRBLCTHHAT Ue:0 ith Hddiithisest 89oroiby RABENTMYREREt for
conpoungs, eRERb1ELSn PEKY & dNA A | &3 aRdet e ibiQr¢gxanpl e,

: E'bé@
tissue extracts, cell culture supernatants and the |ike of ‘mammal s 5 (for
exanpl e, nfebermane, the gerdmvi nest siimey omoik 8ps cellisahs ahd fhemdt kea) .
The GPR40 oni ant agoni st .activity aof a test, substance.can be determ ned
with, for ggaﬁp@gm ‘ﬁ:%gf‘rl]%lﬁ Ry ,Cofarteecqaélrrt’y t cilc?spérﬁ&elrﬁgl?i kBt bFhdi ng
activity, hostaesbtyd ase Gooite T eidald apusal sitna 8ekhoR, sEAVPLgr duct i on
suppressive 10 action, pronoti n]%soacti on on insulin secretion from
pancr eat i cCPAEeFPEOBrdiHee qike oM Hddtn @k thehesaadan fsemnshiohethé rES

accordaﬂpec$i1hi§mﬁé¥¥¥%xknO@@rDEQaﬁﬁie, in the case of an ES cell

derived from a 129 strain mouse (coat color: agouti), a C57BL/6
mouse (coat color: black) or an ICR mouse (coat color: albino)
is used as the female for egg collection; in the case of an ES
cell derived from a C57BL/6 or DBF; mouse (coat color: black)
25 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.
Because the germline chimera formation capacity depends
largely on the combination of an ES cell and a host embryo, it
30 is more preferable that a combination showing a high germline
chimera formation capacity be chosen. For example, in the case
of a mouse, it is preferable to use a host embryo derived from
the C57BL/6 strain and the like for ES cells derived from the
129 strain, and to use a host embryo derived from the BALB/c
35 strain and the like for ES cells derived from the C57BL/6
25



[ 0046] The GPR40 agoni st thus selected is useful as a 15

prophyl acti c/therapeutic agent for diseases such as diabetes nellitus (type
| and type éﬂ%a | ucose intol erance, hyperlipem a, and netabolic syndrone,
pancreas function regulator (e.g., pancreas function inproving agent),

insulin secreti ortprionptrese raypegt MEEM ke a8t 1c ms;@wxG%tg'gC d?)l(\i%latl%pl
protectlng agent which are safe and of low toxicity in mama
addi ti on, "%ﬂ&fo Joniebeugah veek-pbdusard ashat pfrftﬂjlﬂw]@cmoallsehémpeutl c

agent for Qﬁasl_e'?%%esléﬁh the §§ﬁ855§ra%§!9-95%1§ou19!23t{? | Y, %Pt&ﬁé g' gbetic

nephr opat hy, etic retinitis, arteriosclerosis, sexua
der mat ol égllbldflhoz&fdltmmtlagt happae hyy st @ope mise, irid)r dnfb(itsl @@lf@@@@ez
R40

mal di gesti . ear ni ng di sturbance., [0047] The

agoni st ca??%:f or e%ﬁ%ﬁé gmbgéﬁQ%an‘F yIga %tché?lsc 36%1’“@61% t(Eodddad eas
required, Qﬁﬁﬁuﬂ%&ln@|hbkh@neSotHéﬁrﬁﬁﬁﬁﬁﬁﬁfﬁhé”ﬂbﬁﬂgié' %% 1Qugan be used
parenterally in the formof an injection suchas a sterl e solution or

suspensi on Juenpdatdenanot her pharmaceutical ly acceptable |iquid. The
agoni st cangpgdarepared as a pharmaceutical preparation by being bl ended
wi th a physiologically acceptable carrier, 35 flavoring agent, excipient,
vehi cl etoant i septIInc thet abkeki zﬁrthé%]blemtmtﬂs]amduté&ﬂdnk&ethada gni t dosage
form reqU| d for nera@%é accept ed preloar ation design. The amount s of
active ing® sé?ﬁ’f:é’ A<t REBEYPr £baF RXTMRL e elx oo rase gppropolsee ah

consi der at ixpuef 3t Beqd §e§fg§§%é1?§rg?)b%sov&ol5ie[cﬁ: Z88]fr m the E%%”Blﬁgﬁggfg

additives that can be Iended in ets, capsules and 't he | rke™i
bi nders suefﬁmééegépat eag G@lh@@iax@h (a1 agacsnly amdbraz@adnathexmb@u@ats such

as crystall cellul o such corn tarch 10 gel atin,
and al gi ni gltgge ‘8';: B rlggghtg\gé Jsrgq’ra(ﬁ%]e]s tféré’imat SYestEher Ba¥ubh as
sucrose;s | a:utlQSEeandnSaﬁé haib b e~ dd SO rRGERES @EQH@%yBeEQQE[P{Qt until
acanono oil and cherry and the like. When the forrmulation unit formis a

capsul e, ithEaR1PASFPRY¥FtcOFREFh 20d diff Ceddh | @bolitkd Oaoomboot 15t in

cells) having a DNA that encodes an exogenous GPR40 introduced
thereinto are injected intQ a blastocoel cavity of the
blastocyst using a micromanipulator, after which the embryos

20 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 recipient female in gene introduction into a
fertilized egg can be used in the same manner.

25 In the case of the co-culture method, 8-cell stage
embryos and morulas (for example, in the case of a mouse, about
2.5 days after mating) are collected from the oviduct and
uterus of a female for egg collection (or an early embryo in
the 8-cell stage or before, after being collected from the

30 oviduct, may be cultured in the above-described medium for
embryo culture until the 8-cell stage or morula stage), and the
zona pellucida is lysed in acidic Tyrode’s solution, after
which an ES cell mass incorporating a DNA that encodes an
éxogenous GPR40 (number of cells: about 10 to about 15 cells)

35 1is placed in a microdrop of a medium for embryo culture
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s addition to the above-described types of material. A sterile conposition
for injection can be fornmul ated according to an ordinary preparation design

such as di ssol ving, or. . suspendi ng tive substance atural ly produced
veget abl e o1 1S\ éf’&ti“eglgﬂ%rﬁﬁ)l ng’ gg%eoréﬁovo‘?"l(%e%heﬁegﬂcﬁéli ﬁ)éég@ehi cle
li ke water &bifar dﬂh@@hﬂ@n(pf:@f’éh_gzlbfy(mnﬁﬁqﬂfs)aclléeqlﬂl%th!equip@éctaﬁr, and

injection include isotonic solutions conprising physiological saline,
gl ucose or Wit Hee gexcrilhpyedr epexiighiexafpeemopusar prtlastoaushi tol , 25

sodi um chl Qi .t.h ' t ' | C din. .
conbi nat i o%ﬂv%%ﬁ%g l?ipgf %%rgﬁg%?lgp%%lét}gi%é;gﬁe%osr %éfl;?r{r’p:%%#@% AFESRSEVES or
exanpl e, setfreanadle awoth-hheahi kejmah g0l ded @aladd (Farveexanpl e, propyl ene

gl ycol, poly t%);ﬁl ene glycol and the like), a non-ionic surfactant (for
exanpl e, o[lcfps r‘bate 80m 1-100-50 and 30 the like) and the |ike. Exanples

of oily liquids inglede sesm Mded SMHIGRAN Qi1 28R gnec&%@uw@ Shq MRy be
used in conbination with sol ubilizers benzyl benzoate, benzyl afcohol and
the |ike. AmPgyoagesdnient qiemsle dredajest tprmgnamyt  behhmemded nwint-hpmbar

exanple, a feri a for, exa 35 .phosphat.e _buffer sol ution,
s)c()dimtjm acet"{a%kjrggzn abu#) p grs gg%tklg%no%%%”%i %?Bﬁélaﬁo%ea)il,o d%t1§88turpfi g %ﬁ‘@léf"lr(e?&
exanpl e,joberzalikani Eabehborédepigiochime &1y direghlericdecandeatrbg | i ke), a

stabilizer (for exanple, human serum al bumi n, pol yethylene glycol and the
like), a preS&tFaervelytare b emantiguersickliRgnol fakiet hepki Reg, 5

an anti oxi dant; andat B Like,-dhe Hepaled dyy jon._Liquid. rdipally
filled in an alppropri gt e arr%%ul e.sq'[[ oog% et %% ec%gllﬂlsggt %élc%rlg&a?’gt Fon
t hus obt ai segpairetedfyepandidéd | Damdloxifzint yyudkilican (ke fadailei abaradmba, for

heop, bi GEA e Rah HerEbertiiia Mgl itdys ana the 11 ke).  prof or abl y
to animaks from wi-Chnéhge BxOgENOUSF GPRAG 1S riderdnver apr efrerall yohuggns) .
The dose of the GPR40 agoni st varies depending on the
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
20 example, 50% or more) is selected on the basis of 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 strain mouse, and a host
embryo derived from a C57BL/6 mouse, it is preferable that a
25 male‘mouse showing a high percentage of the agouti coat color
be selected. Whether or not the selected chimera non-human
mammal is a germline chimera can be determined on the basis of
the phenotypes of the F, animal obtained by crossing with an
appropriate strain of the same animal species. For example, in
30 the case of the aboveFdescribed chimera mouse, agouti is
dominant over black; therefore, when the male mouse is crossed
with a female C57BL/6 mouse, the coat color of the F; obtained
is agouti if the selected male mouse is a germline chimera.
[0041]
35 The thus-obtained germline chimera non-human mammal
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15 target disease, subject of admnistration, route of adm nistration and
the like; for exanple, in the case of oral admnistration for treatnent of
di abetes mef )4 u d e r u I.ghi i bout
0.1y o abatt Io8 ng ot atdr Ay SBoGren. o ramair dSo Tl e
preferably 29 aboutlyl dbtad nasouts 20 hejerpeygday . hanihfetcasenofoparantial
adm ni st ratilrcljnéithheer dose g é%e acalloHi st varLes de&gndi ng[ on the subject of
admi ni st rat o - ¥ Ergétdiode ARFCLREOPPKENT PBPS @ReFpI &ndiyidvélcase of
admi ni str at f@mds-Amave etld AR tredareadphh (Mek ghi a9, 893k, f Al 4 r eat ment
of diabetes nellitus, the 25 dose is about 0.01 to about 30Yng, preferably
about 0. ¥ td AN EhRgnosere sprafesabkeaboaeroiant bs ahputorddl egpuper
day. If th j f .adm.ni i on i on- human ani_mal ., an _anount
convert ed Srer 60 q%tgfo%oggmg%)gﬁ%hc%nﬁ%%&a’gqﬁ i steréd. a[%@l]th?(ﬁhe 02R40
ant agoni st set@Ettedhexobenscase6PRAG tat both ofiohdBo 6 €S et rbriySIMd ON d£S
useful as q%ﬁ)r hél acti]jc/theralg)e tic agent for diseases such as obesity,
hyper | i peni'd.© ﬁ{)}p DiRads (pRE LA 35 (FSCHIRET fhgvien sddildpascefsyndr one,
pancreas f ungdd @y klsahak 168 i i i 35
insulin secretion y;gt?gpr essant,% gﬂg Esggégﬁ%%%ﬂ%aggn%iﬁl ché}%S%jtg&té)e,saf e
and of 16w hapaleaops shrammabaetphnafebabtyoasednl Seflrramiwii o t he exogenous

GPR40 is derd.v preferabl.y, humans)., In addition, the GPR40

ant agoni stq{céécrleergclzé)(é%rlggsugg gabg ggﬁ?ﬁrﬁﬁ??éc}?}'t/'f%rm}r%' aereTHe9

di seases sutiraa®somy pigkysephaatBypend east Pikct &t abeih Ccc e W LPAtdY an F,

di abetic nephropathy, diabetic retinitis, edenma, brittle diabetes m?l I'i"t us,
fat atrophy@fRsulPiYnSerFBegY, hyRsuATE AaRion 0¥ ef¢Rs cl1dr ¢dies inthodmbeti DNA

di sease, fals H%&E%&%%edaegl%agge&ﬁe %@ﬁeGBB%QSa”fﬁ@QQé%&Fﬁﬁﬂhgﬁiﬁgfgared as

a pharnmaceutical I'o preparation in the same nehnér as w

above- dgscrafed neER40 1agbai Bbmoapdotas. be adni ni stered orally or
parenterall%o%glnaunnls (for exanple, humans, rats, mce, guinea pigs,
rabbits, sheep, "pigs, bovines, horses, cats, dogs, nonkeys and the |ike).

15 [0052] aAfRBenhdesgrofetheq B0 At 290N & M 8% %%p%“%’}%so';&t he
n

target disease, subject of admnistration, route of admnistration a t he
like, for &k&nSrErepAlpReveater ofs or anetlird nap s iony fiorfdatdatgramt eafrly

obesity, t al,..dpsa of 2 adul t  (wei ghi ng .60 kqg). is about 0.1 ng
to about 1%%]0#38 lﬁfe %rggjr% éﬁo%tgﬁr}g}g‘#%a%b%aﬂ‘%go “%gtan r?o%’)elrb’rseic&“‘é’ﬁllﬁlgﬁout
1.0 to aboat DEB fhatpencddys &m ¢hegewses WPRET ey al radafinghilat i on, the

dose of thg ant aaoni st ¥ari es _dependi ng on the subject of adm nistration,
target di sedS6°GHYNEReCT Kee Fariozmrd @Y i9f t3fd s .ofUSAdribost.r at i on
as an inj eghi®) headn 8gul tudapl o NS0 1kg)s oy, tr dA! of | typ Lhe
dose is about 0.01 to about 3%Prrg, pref'erx\ggly o'utﬁta)%l ésébg@t%s% o
more pref eeEBinplabouen. detvowbows A0 Yeptiperdayis fsddye caabjsect of

adm ni strati LS.a_ non- human ani n anount 50 converted per 60 kg of
body wei ght(kggﬁl B EUNT AT 3tRT R .rr}%}o\ééfeprl"e Oé s G Be PedBord dad hargg
ani mal of tbenptesantappventisre hascie:doldRW nG charaGt sl %%'Jsﬁs,i (1)
the insulin secretion capacity has been increased, and/or 35 (2 t Re

gl ucose t oFéF4fcBeRE’” beeRddRR dved:he culture broth (if desired,

polybrene may be co-present), the cells are cultured for 1 to 2
days, after which, in the case of an early embryo, the embryo
is transferred to the oviduct or uterus of a pseudopregnant

30 embryo recipient female non-human mammal as described above, or
in the case of an ES cell, a selection drug such as G418 or
hygromycin is added and cultivation is continued as described
above, and cells having the vector integrated therein are
selected.

35 Furthermore, as described in the Proceedings of the
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34 conpared with the correspondi ng non-transgenic animal; therefore, the
animal is particularly useful in screening for (1) insulin secretion and/ or

2) gl I th ti
(2 Sucer oL LIS o e, SRS O R e

gl ucose toleiradee prgul 2090yl 3INIMS,200aANPE Spegmapphyhigmacesécso@stpnge to
the Tg anlnalﬁgf the present invention or a portion of the living body

t her eof , afdAeasLPH rF@fJI?EHé aymalo ishdmbestssevathon Hhapsrveooyl devsey
tol erance. c$6089M ivation wPFIdiSE & der %eﬁﬁ% S [eeRi Ng; pRtARd. a test

substance is adm nistered to the Tg ani mal e present invention. Useful
t est sub%téh%é@at¢m¢mmkm.131xnnhdhaﬂ1Hm@ocmnﬁonbmlhmﬁamoﬁ5 sy¢heti € male

d tj des DNA .l i b the like, f |
{1 soue. ext AEPELEEE L ThEIAE el iaPhin S EndoL Re T REL b} rafivel €1 o

exanpl e, Mhamal ai§,mﬁ@§,wmylawa:%maa@ee@n —ARAKAY famhd MRNShapdot he |ike) .
The insulin secretion regulatory action and gl ucose t ol erance regul atory

action of #20CResE & drteraT bd Wfeasorpd bypnr bspebtaieedret hods known
per se, fOéfgfg?@ggiy;he met hods used in an Exanple bel ow and the |iKke.

[ 0055] The 1 nsulin secretion/glucose tol erance regulatory drug 25 sel ected
by the scréetdny nethod can be used to inprove insulin secretion and/or

gl ucose tol erang nannakéréﬁ{eferably animal s fromwhi ch the exogenous
GPR40 is derive YV RURERSPRETABYFBEEPRL BRY ERegt ehbPbieng

pr epar ed aéhggégﬁgfgggggécal preparation in the same manner as with the 30
above-descri bed GPR40 agoni st, and can be adm nistered orally or
parenteralK¥)t%ﬁ@nﬂﬁﬁﬂkﬂ%f&ﬂcnﬁaqu @apHGWENShasabsgnnlnere@@$@eaamd4pm

rabbits [ bovines, hors gaLs nkeys and the |ike).

[ 0056] SSTEeFS%%£ %?h? Tie |9é;13%?9§e§?§t Sﬁpgﬁﬁggggegglerance regul atory
drug varsi esortependi wige1ort Hehedrafe@glondii sgasen— wﬁhggén@a‘: aflivha stration,
route of adm nistration and the |like; for exa in the case of oral

adni ni stration fQﬁnY§Q§&9ﬁﬁﬁlXﬂcquQBéﬂe§nﬁEPIggﬁéo Taenycealsewsage for an

adul t (“Biﬁgﬁﬁgkégk document 3, patent document 4) develop diabetes

mellitus accompanied by impaired insulin secretion. However,
the above-described phenotypes of the Tg animal of the present

20 invention support the concept that a GPR40 agonist promotes
insulin secretion from pancreatic B cells and is useful as a
prophylactic/therapeutic drug for diabetes mellitus.
Specifically, in the Tg animal of the present invention, it is
thought that because the DNA that encodes an exogenous GPR40 is

25 under the control of an insulin promoter, the intrinsic
functions of P cell have been enhnaced. Because the phenotypes
of the Tg animal of the present invention were observed in two
strains as described in an Example, the phenotypes are judged
to be an effect based on the transgene, supporting the

30 reflection of the normal GPR40 functions. 1In contrast, the
commonly known GPR40 Tg mouse has the GPR40 expressed by the
Ipf-1 promoter, different from the promoter used in the Tg
animal of the present invention; therefore, it is thought that
the different phenotypes were observed because of the

35 difference in expression site, expression timing, expression

29



5 kg) is about 0.1 ng to about 100 ng, preferably about 1.0 to about 50 ny,
nore preferably about 1.0 to about 20 ng, per day. In the case of

parenteral pdpinisir %éﬁ%lotnh%qu_%%egt1%?{6‘,156‘9}{' at o]ag/l{ldru varl es degendl ng

on the subject of adm nistration, target di sease an e,
in 10 the cases®i. adm nistration as an injection to an adult (WEI ghi ng 60

kg) for treﬁ t of diabetes nellitus, the dose is about 0.01 to about 30
ng, prefera {?F bout 0.1 to about 20 ng, nore preferably about 0.1 to about

10 ng, per day. Ifhd ey SWin@at o(ff tﬁg%9b§éﬁ@tif?@eﬁ1§1&1% ani mal , an
anount _75 converted per 60 kg of body wei ght can be adm ni stered. [0057]

A non- hufarflSReREIradels dibéncongepheoéxprevysnbineof t téwet BRRAD ajerte=ameans a

non- human ression.of the endoge GPR4Q i nacti vat ed,
i ncl udi ng not onﬁ@gz}%ﬁbEK%Pg‘geang%ﬁgtﬁre%%r %S?‘?%Fﬁcgnas%g’ %Uthé\/llsr?g t he
GPR40 gene damndkediseat ifKEvaasadesar shedeaborsr Grita@lsuknackdpwt- D)

ani mal s hav¢ t he expression of the GPR40 gene inactivated by "anti sense or
RNAi techno 368311 % REIIRES PBfeantREBRkEES) (%) "thredriskaraki ng t he

production of com@c%tr@l%gﬁl? [ EH@SE}:Q%&) 5; D¥efeBLL oY 5:1? Vo J:€ ving the

endogenous gene, whereas " Kknockdown nmeans 1 nhi i ng e X Fansl at i on
from nRNA tSEgegtigion Hﬁ@hplderfebym GEEﬂDvagenid;le X 4 R4 oft ddem ietdogenous

gene. [005 I.n..t he 02R40 KD an of t he present invention
(her ei naftzgr m%)(}l%lngl REEy Y-8 e?rgﬁ S‘é@s ‘?IPI‘ée Andanigrl kf phesent

i nvention"preisheit” noR<h#iBA BRNMABROrt DL SANhe Iﬂﬁlrﬁjﬂﬁ&ﬁ} ﬂh%ﬁ%%tf, and
parti cul arl% limted, as Iong4as It is a nonhuman manmal for whi

transgenic réﬁﬂnﬁélg 8enG8 @s@a@mghe@lctwatml@s GERﬂIQJ@extargoaastr ats,

bovi nes, mpRkEYS+., Pi g8, bhits, do S,.<Ca ui nea |gs
hamsters and the Iike. M ce, ratgi aqo%na]ett%L SSE5Fs %éﬁl %gﬁeﬁ%

hanst er $5 ame thiogl blfkehar prpseﬁemﬂﬂ@nti@n pxaﬂl wé arseﬂ‘dlomri f&aﬂ'&%@x‘gm of
the preparation of di m)de# aninmals, rodents, s which have relatively

short peri &&™ 5’9”89?052‘3? 3Rl PRtE YcHes hupan RS gahe - -easy to propagate,
are nore preferabkee, andgBheet (LOF 1 §X Qﬁ'ﬁefé‘»@% Gl I 't@;é D22 3hidh aln and
S §DoF1

the like as pure strains, and B6C3F1 rain, BDFl strain rar
BAI B/ ¢ str&PRCiFERadiyarn GAR4E heol $1kef1astlh&ybaqulusttrraumsbeaméematc$1el o (for ‘,

exanpl e, W,gt 3t %EEﬁngn&hgnéé Fle A S R2 % é%ﬂfg 96 %E%g%%, &0059]

20 extent of which is not particularly limited. Therefore,
“substances having agonist activity (agonists)” include what is
called full agonists, as well as partial agonists. Meanwhile,
“antagonist activity” refers to the nature of binding
antagonistically to the ligand binding site of GPR40, but

25 having no or almost no effect on the equilibrium between the
active form and the inactive form, or the nature of binding to
an any site of GPR40 to shift the equilibrium between the
active form and inactive form of GPR40 toward inactive.
Therefore, as used herein, “a substance having antagonist

30 activity (antagonist)” is to be defined as a concept
encompassing both what is called neutral antagonists and
inverse agonists.

[0045]
Specifically, in the screening method of the present
35 invention, a test substance is administered to the Tg animal of
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Regardi ng specific neans for knocking out the GPR40 gene, it is preferable
to use a nethod conprising isolating the GPR40 15 gene (genom c DNA)
deri ved frggjthe subj ect _non: human mamma a conventionpal nethod, and

| b
i ntegrating"§ BRASSE aﬁHVﬁEE?ﬂ@'aUﬁﬁi”&e&&éﬁcé”@éﬁ%??%été@c%%ﬁ$nakqivate
the gene byddfi@h oaxaBPEEmméd] y desdwovd nardie § ungtdomael Lherexan or

pronoter by inserting another” DNA fragnent (for exanple, drug resistance 20
gene, repoPfetegefe BANY ihHeratrkey amd ochehelidseon figor eixempde, pkosvtier regi on,

(2) excisi nt | o] tion of .the GPR4 ene .uysing the e- | oxP
syst em or %%Sgggggéygég%1 %f%gfét%ﬁgﬁﬁy%ﬁﬁ§as €§¥9F%§bﬁﬁ%ﬁgo ?Fﬂﬁgiﬁdon
into thesprdbe xendiag mege pnrdos | pege, W ilded)Slsaked) hMBhReGeNPhEehENSs
protein, 25 or &4) iinserting a DNA sequence that stogs the transcription of
the gene (PBF EXREmpHES) pollfik &FH40 6908 gh4APnAAEORRET | #KE)VIHY B He test
transcriptkaBstgaLENCLR hOaPgLee tE YNNG S e%%ﬂ?ﬁgtr&'

(hereinafter, abbreviated as targeting vector), Seéé'Fbtus of
t he subj ecfreenfhtihmnaabdsedndyt i niol logo usi iRl e eetiiviatyi, onnt FAA60] uThe

honol ogous ~reconbi nhant _can_be_acquired b fo xanp| e, using the
above-descF?be§°F§F8§59%609e5?6?}ngnaSFb%%' Ci%éeq qﬁ%&‘?hé%*ﬁﬁ@ﬁ&é§ean

exogenoys SPR46n, | Préfs img '  @h 3 Qf1 e SN hat 0 -
exogenous GPR40n|n?€ an é§§cell, a 37 netﬁbd of pFé%ng%gﬁt%§ﬁ$%Q§E%ﬁa of
t he presenfeiLhvefti bhe 1ike mes tihgeinidar ve@herei sannee Haga sigred dinug

resi stance;QLoL8RALL € I t i.hto exon or pronoter portion of
t he GPR40 aeng, tﬂéétr%%@&ﬁ%#%gﬁélggr%pggﬁ;gghselected with the 5 drug

resi stancelBP46éporter activity as the index. The drug resistance or

reporter gene is_preferably in the formaof an expression cassette
conpri sing an anggﬁréﬁ%fgrgé%ﬁﬁﬁﬁe§nﬁsfﬁﬁﬁﬁﬁﬁﬁﬂ A§ PsedUhadfabi an cel | ;

hovever ;s | brépRyL 8801 ¢ LEnSLASkSi d NRAIHE N JePRABhIgRe 4§t PaL the

reporter gene is |lo placed under the control of the endogenous pronoter of
t he GPR40 BHehéituhe(Veee of dnd tyme rlidpor tapeee idted emencegquire a

e GpgesF) PHALAY o G AP 1O DT B
regulator (e.g., pancreas function improving agent), insulin
secretion promoter, hypoglycemic agent, and pancreatic B cell

20 protecting agent which are safe and of low toxicity in mammals.
In addition, the GPR40 agonist can also be used as a
prophylactic/therapeutic agent for diseases such as ketosis,
acidosis, diabetic neuropathy, diabetic nephropathy, diabetic
retinitis, arteriosclerosis, sexual dysfunction, dermatological

25 disease, arthropathy, osteopenia, thrombotic disease,
maldigestion, and memory and learning disturbance.

[0047]
The GPR40 agonist can, for example, be used orally as
tablets coated with sugar as required, capsules, elixirs,

30 microcapsules and the like, or can be used parenterally in the
form of an injection such as a sterile solution or suspension
in water or another pharmaceutically acceptable liquid. The
agonist can be prepared as a pharmaceutical preparation by
being blended with a physiologically acceptable carrier,

35 flavoring agent, excipient, vehicle, antiseptic, stabilizer,
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15 any position on the chronosone. Therefore, it is not possible to
efficiently select only those clones targeted to the endogenous GPR40 gene

targeted by ihere! egeusheeqonli nahi anuhyr s&besdd ofy hased, pndhedet ection of
the expression of a drug resistance or reporter gene and the like; it is

necessary tI8TPradant perephedsprepafathergiesiom. byhSoatthenhshybr adtza¢i on
or PCR for ; ones lL.ec . _Hence, _provided that, for exanple, the
%@&eﬁﬁ%n%g Qﬁ.tggsghéﬁgaarag ons rar -7%5 %ﬁﬂﬁgpgﬂmgggggoﬁ

her pes sinplex virus-deriv I ne ki nase flers
gancycl ovi rceerisletrbviby, oifSthei dedeoudiss aei bde Begiwn honol ogous to the

t ar get squgﬁpg of the 25 targeting vector, the cells having the randomy

i nserted’v 5P lcannot grow i n a gancycl ovir-containing nmedi um because they

have the HSV-tk gepgpiwhereasqline; ¢ek!sbavidy 4de, ghgdegenous G7R4Q gene

| ocus targeted by honol ogous reconbi nati on becone resistant” to gancycl ovir
and are selcepsedesesadsehehéykdoinotudd hiavdethesHdIV-adk ggdrein,

Al ternativel rovided that t di pht heria toxi.n gene, for exanple, is
joined in poégg@g Cbhegfz@%@?ﬁnggnﬁ?gt%%a%]eq'l sewl%dﬂt%eg%&&m y inserted
vector diecdyetholtine texinlpsefusesl bind hefselyesicrsad katrndtheeRl ogous
reconbi nant can also be selected in the absence of a drug. The 35 resulting

resistanf G616hi8s are elahsierreddi oleshantiveBd aumagnesjlat es, and
trypsini zatsi.@n-apd ”EQEHQEﬁéQQaQQEE A & shaat ed,, after which a gpntlon
or cu SOBf&Rted to

thereof is reserved tivation, whereas t'he remal ndér is
PCR or Soutfhevnrhybr ademasi snchoasopdppenmire: presene ofilt heidd chati-ggduced

DNA. [ 0061 reparation of chinmera enbryos, establishnment of

f ounder s, %ng5P§t$6§ of%hﬁﬁbfgﬁbt GtRE PrRé £oAMpdSper Fapsiebe usitg
the same nmekhogdsrasethesgrdescsi besh tdhFespect; #o 4heimethod 140, qf
preparing the Tg animal of the preSent invention using an ES cell.

15 addition to the above-described types of material. A sterile
composition for injection can be formulated according to an
ordinary preparation design such as dissolving or suspending an
active substance, a naturally produced vegetable oil such as
sesame o0il or coconut o0il, and the like in a vehicle like water

20 for injection.

[0049]

Examples of aqueous liquids for injection include
isotonic solutions comprising physiological saline, glucose or
another auxiliary drug (for example, D-sorbitol, D-mannitol,

25 sodium chloride and the like) and the like, which may be used
in combination with an appropriate solubilizer, for example, an
alcohol (for example, ethanol and the like), a polyalcohol (for
example, propylene glycol, polyethylene glycol and the like), a
non-ionic surfactant (for example, polysorbate 80™, HCO-50 and

30 the like) and the like. Examples of oily liquids include
sesame 0il, soybean oil and the like, which may be used in
combination with solubilizers benzyl benzoate, benzyl alcohol
and the like. Also, aqueous liquids for injection may be
blended with, for example, a buffering agent (for example,

35 phosphate buffer solution, sodium acetate buffer solution and
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[ 0062] Regar di ng specific means for knocki ng down the GPR40 gene,-a
nmet hod conprising introducing a DNA that encodes an antisense is RNA or

si RNA (i ncl.ydi RNA) _of . GPR40_usi ng, one of the above-descr.i bed .
techniquestbqag%é% ¢ afi SR GF PP aRdye iﬁgﬁﬁi?ﬁﬁQE ?an%egﬁﬁg%PﬁéquCPAOFHQGI
subj ect noprumEmeTAyHRbCRRbYiandatderhd keilgan be srmMiilaned. ([FBQ63ka2BADNA
conprising_a base sequence conplenentaﬁéato the target region of a desired

pol ynucl eot TG Segum g lPRAL Ry bPe HYSEbY Eong tH vedesiedhgollykadl edt i de, can

be said tohesanki36BS§Eo208kAR014 he,desi 1 ed Ralynucheathde,  The antisense
DNA havingpg%%ase sequeﬁcg con%?%nehtary or 25 subst #%%% |§“€0E§FeﬁéﬁF ry
to the basensegiiepsédefiitaapdl ynecl Boti d8hehatrepacedesnGPRADo0r 1 Aqpdation

t her eof na%rggngex a@t%;egse DNA, as long as it caontains a base sequence
dbstantt af Ty e ot ety ¥ IHE ‘base sequence of the

conpl ement ary "or °s
pol ynucl eotfiopdsotthat encodes GPR40 or a portion 30 thereof, and having an
action to suppress the expression of the polynucleotide. [0064] The base
sequence substan??&ﬁP?ecBg%IEﬁ%@ﬂ%ﬁ%ﬂQQ)Qh%ﬁﬂqhﬁﬁﬂngdtﬁéeSﬁﬁataedcodeio@PR40

is, for ex e base qughGe: havl h | f _about 70% oqr. nore,
preferablyﬁgglegggﬁtﬁgoaggrﬁﬁnre,qﬁﬁ?%n%%gﬁ%?ab y %%%u lSO%?SPm Fe?fﬂﬁst
pref er abb y ezbopnt e95btmwan porat s t anide, hasimeseqienge rabblie, ceApkpiept gky
strand of the, onanIeotide for the overl apping rgg%onn Base seEuence
honol ogy hBPELACEanCTBFS exGpt e, A4 5 ROKGYSa e (dend ikge - nersEeggbly
cal cul ati 0Rcakg®mht BMENGB! wBLAS T {dNat:l apalo e st of 9% @bS}g@lg nol ogy

o]

I nformation Basic Local Alignnent Search Tool) under the oW ng

condi ti ons (pegpeceeln: hgapns) | owed; filtering=ON; match score=1; mi smatch

score=-3). The dose of the GPR40 agonist varies depending on the

15 target disease, subject of administration, route of
administration and the like; for example, in the case of oral
administration for treatment of diabetes mellitus, the usual
dosage for an adult (weighing 60 kg) is about 0.1 mg to about
100 mg, preferably about 1.0 to about 50 mg, more preferably

20 about 1.0 to about 20 mg, per day. In the case of parenteral
administration, the dose of the agonist varies depending on the
subject of administration, target disease and the like; for
example, in the case of administration as an injection to an
adult (weighing 60 kg) for treatment of diabetes mellitus, the

25 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, an
amount converted per 60 kg of body weight can be administered.
[0051]

30 The GPR40 antagonist selected by the screening method of
the present invention is useful as a prophylactic/therapeutic
agent for diseases such as obesity, hyperlipemia, type II
diabetes mellitus, and insulin resistance syndrome, pancreas
function regulator (e.g., pancreas function improving agent),

35 insulin secretion suppressant, and hyperglycemic agent which
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iaParticularly, of the full base sequence of the conplenentary strand of
t he pol ynucl eotide that encodes GPR40, (a) in the case of an antisense DNA
intended to inhibit the translation, an antisense DNA having a honvol ogy of

about 70% GFenBrée prefef ab?y ol Bokbmamsieds fbrefprabévapnymabsut 90%
15 or noreg BRSLHPERT EhEDLY- GO BBRAT ﬂgmdaii%%dghﬁogggpkg%gﬁggi strand

of the base sequence of the portion that encodes the N m nal part of
G2R40 pr ot bimafbdr ekamyldsti@rbasbes €fRéNcentagbhiesvi camidysofbd hesed as
initiation cogonhagd %he/éikg%%i suitable, and.(b) in the case of an

anti sense DNRTZB™YhEEhtfed 10" tgtade FA Wit RNESESSSaRUSht PSense DNA
havi ng as haypbguycehi ap oD%y 3D &11dHafier alkhyopbeut,, 88YuBeere, nore
preferably about 90% or nore, nost preferably about 95%or nore, to the
conpl enent BEPREPPARAY of didee it | refaidr Wequ aof bra&tpel ¢ghabreesi de t hat
encodes GP I udi Lt S i I
Specificalﬁ%?lggg%'t££9§%%§ggghng%¥ﬁgﬁﬁﬁéﬁggh;I’ignghgggggé'an anti sense
DNA conpri srhgraocbaserseie nderaongt ienehitsaseqr fattbsbanti akl, yaaanphesepsary
to the basge. 30 ggggence regj stered under GenBank accessi on No., NM 194057

( VERSI ON: 194087 AV FIYRT0 L) R BY SRAIS DA St RePESEMAEREEAFEDI y, an

antisengg S0ARLHS 1YW Ehdanins SsNGe LONRleMRRLALK L R-LBsPAsE SEquence
or a portion thereof, and the |like can be nmentioned. 35 [0066] An

anti sense BRA4YPagPR 3t bazed swjudre eadwimpl sdeesidaoy add ysobspanenaekglly

conpl enmentary se sequence.of a polynucl egtide that _encodes GPR40
or a portig% ?%ﬁ?%g% ?ﬁ%?é?ﬁ%#e%?,}%PE%“geﬁéﬁdemﬁgeas9“%H8aa8%?§ense DNA
of the 5 prebehtsj nyesdp onSigLamdid riesi ghadeand cayrt, hashzednenkthe Bagi s
of base sequence information on a DNA that encodes cl oned or determ ned
GPR40. SuchP@nti¥hse DNA i s capable of inhibiting the replication or
expressionrghsphe GPRAO gene. Specifically, the antisense DNA of the
present invention is 10 capable of hybridizing with an RNA transcribed from
t he 02R40 gene (ARNAdose iof ttited QGRRATS arigstgoon sir gdudk)s, dapdndapgbbe ohe

nhi bi LI ng, Lhe  PYREDSSLS, (R8s 0l IS 9.t ragelagon Tt
administration and the like; for example, in the case of oral
administration for treatment of obesity, the usual dosage for
20 an adult (weighing 60 kg) is about 0.1 mg to about 100 mg,
preferably about 1.0 to about 50 mg, more preferably about 1.0
to about 20 mg, per day. In the case of parenteral
administration, the dose of the antagonist varies depending on
the subject of administration, target disease and the like; for
25 example, in the case of administration as an injection to an
adult (weighing 60 kg) for treatment of obesity, 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, an amount
30 converted per 60 kg of body weight can be administered.
[0053]
As described above, the Tg animal of the present
invention has the following characteristics:
(1) the insulin secretion capacity has been increased, and/or
35 (2) the glucose tolerance has been improved,
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[ 0067] 15The target region of the antisense DNA of the present invention is
not particularly limted with respect to the length thereof, as long as the
translation into GPR40 protein is inhibited as a result of hybridization of
the anti sefSFPBRERY VhENt BRgetOF EYFRINFEY Bt He adsdiend Csegddade or a

partial 20sgquence ofnhLthe,RNA {h cofes- the, Rrehein, e length is
about 10 bases for the shortest, aﬂ%it e entire §§ﬁ%&né§ ggggﬁégﬁﬁNiogr
initial trdAscrhinpuildn peodetiod candher | ChgesitucBpedicfliecahky, rebalbtoend

hai r pi n I00|c%_,u 5 end 6-base-pair repeats, 5 end untranslated region,

translatioﬁ'lﬁﬁfiation 25 codon, protein coding region, ORF translation

stop coden, 3' eRndcyUpliagsy Atk e ht I nwid iRl ENdLopRokedban, or 3' end
hairpin | oop of the GPR4A0 gene nmay be chosen as a preferable target region
of the antiS§€f§81DNANCBEPd af9r of Heritiyliigh Saruchtd oGPRIG/gend 2hrayglakesebe
chosen as t nm he Lng.r rt s f,.the gene may

al so be thggﬁg%géggrga g%?ggf& &fh%%ﬁtﬁéﬁé%%%id%Fﬁgggk?g e%sge of the
present i neebsianceayobehenkg tdraimaibtoOihe Merdetitz ésiventhohherRNA or
initial transcriptian roﬂfct of GPR4Q to inhibit the translation into
protein, b&ECTL!S Pg Eﬁ abt e BRRYI TP 18P rh @NEPREG SY&raIhEPRg (35 a

doubl e- g4 r andad i PN & Pe f D5 £nd fdP! ©)Std1aNbdd fle§¥hcand 41 hence to
inhibit the transcription of RNA. Alternatively, the antisense DNA of the

present i nt€APRdn nay be one that forns a DNA:RNA hybrid to induce the
degr adati on by H-. [0068] 5A t hat encodes.a ribo capabl e of
SR R IO OB sl | BhELPr Srbpance

specifically cleéaving _ a

transcri pt ienagmnofiusteved hid the Tpdidigndle@Orhd peledintd i hkent AEHON
portion in_the case of the initial transcrjiption product) can also be
enconpasseHSFRUE hEe Bkt FERHRNINA dickuse / dprssidni onnfentranontrekopwi he

nost versatl . boz i -Spld ci N4 Sf o (eI i BNAS
such asiii%g#ghgﬁgev?gﬁg%ﬁiﬁéﬁﬁgﬁ%ﬁ% E%nﬁg%headsfygﬁg %Egk%%?%%i%Héypeeand
the |ike alék&pofdnr Thenhbemeriwack tepperaextis,bided lennyl e racsipekyavbhbs about

10 Do AnhoPBAL B ek oSS L ki Sect Ll cally cleave Lhe, {arget
structure Qﬂééﬁpnm&ﬁﬁé&é, humans and the like). The insulin secretion
regulatory action and glucose tolerance regulatory action of a
20 test substance can be measured by respective methods known per
se, for example, the methods used in an Example below and the
like.
[0055]
The insulin secretion/glucose tolerance regulatory drug
25 selected by the screening method can be used to improve insulin
secretion and/or glucose tolerance in mammals (preferably
animals from which the exogenous GPR40 is derived, more
preferably humans). The regulatory drug can be prepared as a
pharmaceutical preparation in the same manner as with the
30 above-described GPR40 agonist, and can be administered orally
or parenterally to mammals (for example, humans, rats, mice,
guinea pigs, rabbits, sheep, pigs, bovines, horses, cats, dogs,
monkeys and the like).
[0056]
35 The dose of the insulin secretion/glucose tolerance
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10 bases in total) a sequence conplenentary to the desired cl eavage site of
the NMRNA. Because this type of ribozynme has only RNA as the substrate, it
offers an additjonal advantage of 20 non-attack of genomic DNA Provided
that the GPRIFIANM MsHifeyagi@SuBPRCREF BRI he LetNe: phirsaase + faiaciet

sequence cagr besBaes eS| RelieeshEandgd, Pyt Hst NG &y bt 1@1&@2%1%
I d that can

prepared by joining an RNA notif derived froma viral nucleic aci
bi nd speci féxaipie t drRNAehakiseasé pPrbcadiNani st P&t eadf 0rSdirediSgnt98(f10) :

5572- 5577 (20 .. Furt-her nor the ribozyne be a rid ribozyme
pr epar ed bygjfaﬁl%%%eesr Hiec}ilﬁ%ﬁlgs’a%gsqﬁgﬁ%% %%%—?‘ (iag’gg? rom %%1 thg“ﬁ\‘li)rfi&e
t he transl oegt i ion apfouthe .tir agsebi pbbed POOGUE) Hoe£ytapl BsBdual @ g Aci ds

Res., 29(13): 2780-2788 (2001)]. 30 530069] Her ei n, a doubl e-stranded
DNA consi st33fJof>taf%l MyFeRRACRBRBP bHoRR0ED h- Pakre i dowedifeme @Eawidadi-ng

the intron pprddon.d hesd i1 sclyl bt | I ct) in the
codi ng regijgg of Fﬁgénﬁﬁp%?%lﬁﬁ?t&?%l gﬁgﬁl\giﬁ%ﬁ%ﬁ’ S%%%U%OEE&O%P 20 35 and
a strand comgEmniar gdrivgevetrdeswiapendinal dedtlae ssmbjed2 ofi nterferi ng RNA

si RNA), can, al so . be used to pr tre the KD.anij ..of the present ,
vent] on. AHREP e R0 BRE, CESeCar| SIF FRRE | Ht T oS B PR L ch
is a pheporgrorddeat rmbemishi BNAat $oh Nk & ogucesh dot Do eld San aHITRNA

honol ogous to the RNA 5 is degraded, occurs in nenmatodes, insects, plants
and the |ikéeigiinge 60hikg) pieRofenabmens ebrilabeles orallsid wocihe nows nal

cell s [ Nat ure, (6836) . .494- 498 1) L F has_hee idel y,utilized
as an al telrins:talbétjaajct ?éﬁﬁi aﬁegégé}?i %éi’g sll) res%{% n %uecderbs'ﬂggcé)d agsout 20
appropri at exgn ntre Ipasiferablpasbolio 8etjuencabount ordraid orpef ddie MRNA:-hei ng

the target u |,g% commerci.ally available software (e.g., RNA Designer;
_Invitr_ogen)s.‘ﬁP FOPLTRETARE PEERSRODI 1§02 DAL ARART HYFYREL 0falt R@Pdsent 15
inventign caymhvRecRye ,@&e@obxgggfe}gﬁagﬁg@h@ &2 980 SEAUENGe oy the mRNA

or initial transcri p?l on pro he basis of a cDNA sequence or genonic
DNA sequend®Osf/ JGPR40, and synt hesi zi ng a sequence conpl enentary thereto

using a commercigl |y aya}labl.e. DY RN synthes) z8r. (Lpplded B ogystens.
GPR40 gene means a non-human mammal having the expression of
the endogenous GPR40 inactivated, including not only GPR40 KO

20 animals prepared from an ES cell having the GPR40 gene knocked
out (KO) as described above, but also knockdown (KD) animals
having the expression of the GPR40 gene inactivated by
antisense or RNAi technology and the like. Here, “knockout
(KO)” means making the production of complete mRNA impossible

25 by destroying or removing the endogenous gene, whereas
“knockdown (KD)” means inhibiting the translation from mRNA to
protein to thereby inactivate the expression of the endogenous
gene.

[0058]

30 In the GPR40 gene KO/KD animal of the present invention
(hereinafter, also simply referred to as “the KO/KD animal of
the present invention”), the “non-human mammal” that can be the
subject is not particularly limited, as long as it is a non-
human mammal for which a transgenic system has been

35 established; examples include, mice, rats, bovines, monkeys,
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20 Beckman, and the like). By inserting the synthesized anti sense ol i go- DNA
or ribozynme downstream of the pronoter in the expression vector, via an
appropri at li'gllkeghe(egi\)d’a ek) e as_required, a .DNA expression
vect or thatep eéncodes the%rgnt i'sgﬁgggg%fggg %‘?t?i boz V't acpdrgsdeqﬁ%%
Exanpl es ofarb tdxpridssi.onMieet arst hatalgairt he desed preker gbliyehepegare a
descri bed Vech%r A pje T% gn' mal of thg present inventijon. A DNA
expr essi on Vector t FAY &RcodesSa?FongEriahtPbenst? A (idH agxarfsiam the

ful I -1 engt hrichaplienertraresbr-apdrof i GPRID ARNA and, ey 1k n

prepared by inserting a GPRA0O cDNA, 3t, cloned by a conven?rl)aolgsgl Ilr)(r)eer%lé:ﬁ,' in
the revefs&diGediven redpiznlipphopt i Beeiod nkeronzatpptierdnd dguenes dlsed as

required, dWnsh; p in the expression vectar. .
Meanwhi | e, a Dml?%g]ta(}%n%gggsgs;i %%%t%’e Prepired W‘{eerﬁgﬁﬁ'elvd mice
synt hesi zi nifcer BNarphial, €HZpIEs atsense SRAANk adith b tBA tihal Lnepdes an

antisense strand, and in%eéti ng theminto 43 an aggropri ate expression
vector. As & SPRNAREXFPESET o RAdct-oBPEangt KaiRngBeDABI Sitiraisys B@mB/ c
pronot er sughaas, Ugcar skita¢an i i S st 5 aniyal_.cel

i ncorporating the vector, tﬁeaggngzgg%#%%f%n}g/%?f%%&é% e dr%r‘—fléisare 5

t ranscr ilbed f&fd exanparedWist & or NS AN, tish RNAelaratze farrepdanaddy; i nserting
a unit cong)rrje%ieQ? g.sense strand and an antisense strand separated by a

| ength al | ow ng ﬁe formati on of an appropriate |loop structure (for

exanpl e, ali@0dt915 to 25 bases) into an appropriate expression vector. As

t he shRNA expression _to vector, one having a Pol 1l system pronoter such
as Us or Hl can BBIRERHNI| fPehi Sl faeang Heo s HRE imanoarti ibe GRRUI0e gankpal
cell incorperati r [ 0 |.oop .hy . itself, and is

t hen pr ocessedgbgggﬁggﬁgﬁgeﬁﬁﬁggnézlﬁ%ea{ﬁ%e({rom ri'%st it Ili%éatt%nfjo?%enﬁ?ﬁflg

si RNA. At genat i(gehgmict DNA) adeol v sfitine i tsukaehite venkROgko W% 1 RNAI

by expressiangore} m croR rgm RNA) co(gp,ri sing the si RNA sequence being the
target using“a Pol Jr?né\@s SR oARE LN HSIHH IR 2 ONPhy taaphohavéngs Bowi ng
ti ssue- speONAi 6cqXPRES SESs t ik SSUe- | fd+G c ' S0 -possi bl e

[ 0071] 20For int ?oduc! ng an expresst?gﬁgv%gﬁa}g%%o%%}ﬂgehg gbmﬁgghgga%nﬁégdes
an antisendé) RRAStEP RN EhRNAINGSrian RNA tdfe @RR40 dmiparoaictelrl pbyany of t he

met hods desgLi b, 19 ani mal, of the present invention is used
as appropri atgéng% r |%ﬁ%‘) [ﬁlﬂg %Igar%“eetnr{ge(l or ﬁéﬁa“%%gr'rpgé}lgf SFSEREABEBCt i on
25 i nt o2zangene} yrephryar sgtate amad ey tiilkezed ne@d t hehe xBhc peir-Rk 86t Len net hod
is used. For i n%roductj on into an ES cell, the cal cium phosphate

co- preci pi PAPTOhShet HoeP el &0t 6150t i hive eméd rel opoReppirbhomebhiothe
DA bl 2 L T o el R o R

particle gun nethod, DEAE-dextran ne t he e can
Al t er nat i végietanidre reanavi (s insenttiivigr us saiog thelohi katar enyspdoasifhe

vector, it _jS. ti.mes .possible to achiev ene introduction conveniently
by addi ng ?ﬁ%légﬁ%gltoon aé?lo elg}gef%eﬁg‘lgy répsiﬁ%EgncéF‘lt,o SABP¢areuPrageihe
embryo mr cel t4f oindedtling a DNA sequence that stops the transcription of

the gene (for example, polyA addition signal and the like) into
the transcription region to impede the synthesis of complete
mRNA, (hereinafter, abbreviated as targeting vector), at the

GPR40 gene locus of the subject non-human mammal by homologous

30 recombination.

[0060]

The homologous recombinant can be acquired by, for
example, using the above-described targeting vector, in place
of the DNA that encodes an exogenous GPR40, in the introduction

35 of the DNA that encodes the exogenous GPR40 into an ES cell, a
37



3,5 2 days to infect the cells with the virus. 44 [0072]
Regeneration of individuals froman early enbryo or ES cell (establishnment

of founder), passage reparatjon of honozygotes) and the |ike can be

per f or med §t§8§cpgb88g%%g%%gStQ§tibr Qé)ﬁaﬁapﬁisﬁﬁFnépvﬁptﬂﬁé;pr%%ent
invention. the0€3kgeting védrdr CONURU ABUSE LRENed Y RAck rOSsing the
KO nouse of the present invention prepared on the basis of an ES cel

derived fr&@PRIE29/ §9NEviRPeBeed ol it CHARL /BPMds ®rofetegnparedon phi whed
type mce, ne ab e ser.ved. 74 . en the
g?@t40 6%55, {:ﬁe p@}?&%?&? VL €. kﬂ_ &Y %e %%%e;c]ted W, i‘cﬂg\é\ge

S
KO ani mal he’present i Avention has been prepare inser
reportersgemegi meeithan&@R4D gemerter Ioactdesittonst htegénaexandridedFeport er

gene is inserteg at a fosition under the control of .an endogenous pronoter
of the GPREGSJENBICE OF ubCRYQUT At the RIdTEr&! Yadti ey fonm RE &PRA0
gene can bexgetagnsd (f:é’és@t\’t@%rﬁﬁﬂgsi%é}eaﬂ SHPSRREE b0 ¢ g‘ébﬁe' pgl or a

portion of the living body thereof, and 20 detecting the expression of the
reporter géRBctERanpyetnod marenakipor tagllgeevavelnudéf bbe aepomter| gehted

to, DNAs that . | uci f er.as oxi dase, .green.fluorescent protein
(GFP), al kg iﬁﬁgér?g%%haf?%%e‘fh%/é%%fgﬁ S'fase at%(? (&S FEBF’%&&EEEF aBtivity
can be peapineddbynde et ol REF 3R aeI@nRGist prifotBe beperker gene
used. Useful test substances include, in addition to, commonly known
synthetic E5RABuABRS, plEhft i tRELOpiRRithe mORRTLE ePesdass rhE KeReireon

exanpl e, tF§gﬂgtg§§racts, cell culture supernatants and the |ike of manmal s
(for exanple, mce, rats, 30 pigs, bovines, sheep, nonkeys, humans and the
li ke). | f Uaual hni fgerantratidreimericden snolhseawedli ncreper mestagti vity,
conpared w_th ch. the test

 port i on” SPAEAETELORY boiy A aridro e Hil: 1S BePaRTAYCARSBE ER) ekt e as
a substagiacanthgbsition on the chromosome. Therefore, it is not possible

to efficiently select only those clones targeted to the
endogenous GPR40 gene targeted by homologous recombination by
selection based on the detection of the expression of a drug
resistance or reporter gene and the like; it is necessary to

20 confirm the site of integration by Southern hybridization or
PCR for all the clones selected. Hence, provided that, for
example, the herpes simplex virus-derived thymidine kinase
(HSV-tk) gene, which confers gancyclovir sensitivity, is joined
outside the region homologous to the target sequence of the

25 targeting vector, the cells having the randomly inserted vector
cannot grow in a gancyclovir-containing medium because they
have the HSV-tk gene, whereas the cells having the endogenous
GPR40 gene locus targeted by homologous recombination become
resistant to gancyclovir and are selected because they do not

30 have the HSV-tk gene. Alternatively, provided that the
diphtheria toxin gene, for example, is joined in place of the
HSV-tk gene, the cells having the randomly inserted vector die
due to the toxin produced by themselves, so that a homologous
recombinant can also be selected in the absence of a drug. The

35 resulting resistant colonies are transferred to respective
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35 regul ates the pronmoter activity of the GPR40 gene. [0075] Because
the GPR40 pronoter activity enhancing drug selected by the screening nethod

i's capabl e 9f; haw ng the s ; - ribed GPRA0O agoni st,
the sanme is usefuI@Saas a %5§pﬁ%$§%%?€??%ggéggﬁ¥ﬁ%gggénFBF%Pn§F§eS§ s such
as di abet esrapsldtiedys aftgpewhianda tyqet 1dn) , tHapaifr dd glaseased doer ance,

hyperli pem a,,.and netabolic syndrone, pancreas function regulator (e.g.,
pancr eas fdﬁ%kqﬁﬁétﬂﬁﬁroVFﬁﬁeﬁéeﬁ?ﬁ,r?9é3ﬂ4%f'§étﬁ%¥%lﬁ?tﬁpoﬁ8tgpﬁ or

hypogl ycemsmagenh, hgBdipanst €8t i €o /@l Gk It HY ¢hRGdng ageRhe | N addition,
the GPR40 pronoter activity enhancing drug can al so be used as a

prophyl aét i‘¢ytteegseuPNB- agent for di seases such as ketosis, acidosis,

di abetic nqgﬂgg_thy, di abeti c nephropathy, diabetic retinitis,
arteriosclerosis, sexual dysfunction, dermatol ogical 15 di sease,
arthropat hy, osPeepenasjohhodntioineraisatases,Mmistiagasishaentabd FBEBAYaNd
| ear ni ng di st urbance. g?e activity enhancing _drug can_be prepared as a

pharnaceutpggpéﬁfébSPa oRCTHZ YFRE e i drlife rl 1d€ widh benpegbRapedgoaiag,
and can be :adnisaind! REEHoAL abl V5o DAURNLEA Yk FREERLE (HO0En2OnSYAMR!

I
humans, rats, mce, guinea pigs, rabbits, sheep, pigs, bovines, horses,
cats, dégscinparppsinadtheelyidw)mal @076he presentheéndestioh tbénGPRAOES
pr onot er a%%g&ity enhanci ng drug varies depending on the target disease,

subj ect of adm ni stration, route of admnistration and the |ike; for

exanpl e, inovkejcase of oral admnistration for treatnment of diabetes
mel l'itus, the usual dosage for an adult (weighing 60 kg) is about 0.1 ng to
about 100 ny, pREFRFALTY WRRATHC e safewn kDO kg nansoenpitbEeFEBL) gboat

1.0 to aboyt ;,29hBY. fay, o 3( dhe e renteral. _adm nistration,
the dose of the regula %ry]agugﬁtg}lesrle%%%@?hgﬁgﬁ %ﬁgggﬁ jggtaB%lsense
admi ni st aRNanort argéd (i sehskirancsHENR )| idfe GPRAID exanpl enei Bt BReCapevet

admi ni strat,i on ag %ntl 'ection(%g an adult. (wei ghing 60 kg) for treatnent
of di abet eSCREFITEASCCEHE Wt Ofs RIEPBGH Y. 6f £52RE66P1302RyMapef ardbl y
about 0.1 Lo18boNg 20 46 CHW.suBfR-PiRkerahbh #RRHE10cL180.300he 10; pB. per
day. If the subject of admnistration is a non-human ani mal, an anobun

converted PeRr B® Rgnlofomrly wei ght can be adni ni stered.
[0063]

20 A DNA comprising a base sequence complementary to the
target region of a desired polynucleotide, i.e., a DNA
hybridizable with a desired polynucleotide, can be said to be
“antisense” against the desired polynucleotide.

The antisense DNA having a base sequence complementary or

25 substantially complementary to the base sequence of a
polynucleotide that encodes GPR40 or a portion thereof may be
any antisense DNA, as long as it contains a base sequence
complementary or substantially complementary to the base
sequence of the polynucleotide that encodes GPR40 or a portion

30 thereof, and having an action to suppress the expression of the
polynucleotide.

[0064]
The base sequence substantially complementary to a
polynucleotide that encodes GPR40 is, for example, a base

35 sequence having a homology of about 70% or more, preferably
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[0077] 5Because the GPR40 pronoter activity-suppressing drug sel ected by
the screening nethod is capable of having the sane effect as the

above-descrj 340 _antagoni st. the sane is usefyl..as_a

pr ophyl act iéc}éjqqﬁcer%;d;e%tri f:noggén?%%rp%‘?ﬁsee%%esy s%bc%eca;goo"bé%i P9 eny BEFti peni a,
type |l di ghetfesaidlyl abosr ape bAshbid), |td eI hanee ssynehese oFPaner eas
function regul ator (e.g., pancreas function inproving agent), insulin
secretion éﬁﬁ%ﬁé??&&@?yaﬁHFﬁVBe?ﬁlSQ%NHQQXRﬁﬁﬁQOQH¢Qa 't LOf, OVRE lePRA0g
pr onot er E“Eéd@dﬁ!'SEQQée§§¢JEhéEWH$ﬂa§%g§I%@rggnuégg,afoﬁ exaTgle,.b

prophyl actic/therapeutic agent for di séases such as 15 hypog cenla?
hypert ensi el dilaltedi esavgr bhat hgmobhabetd lculeptircopatlgpr idhabdCBE BLAST
retinitis, e rittle diabetes | 1itus atraphy, insulin allergy,
insulinona,ﬁ%?lgpﬁgs Feresi s9°t +%ﬁé§hq?}%ﬁ%é%g%?“P§ﬁoPo§?EFFyFOSﬁ&
cancers. The iagirevit! pesdBRr 661 NOukHIY GaN L8 INWERRT eBnas +303Q

phar maceuti cal preparation in the sane manner as with the GPR40 agoni st,

and can be &FHESTSLEF edaBr allgwent; plirldrremg10N it eakgimecorefdr wstampkeh
humans, ra%%brggggo'guinea pi gs, rabbits, sheep, pigs, bovines, horses,
cats, dogs, nonkeys and the like). [0078] 25The dose of the GPR40 pronoter
activityssuppres®amgidnligripy i es dependiindpaye tshepdeargebrdiiaease, subj ect
of adm ni strati.on, route of %ggggi tration and the |like; for exa i

le, in
the case of°BPAFTSHRAYsEHERR qrﬂﬁ%ﬁﬂﬂﬂl%ﬂtl@ﬁe§Pﬁﬁ,ePﬁ€d8§HEPR683age

for an adul()(wai gREnNga88 &8)ah Sardl R fial iNE h@eAbRUL 1 HA9LRY. th
preferably about 1.0 to about SO ng, nore preferably about 1.0 to about 20

nmy, per dajrapglehéopasenoinphsenmerA ddmimcster &timodogvhefdebeudf 70Reor
regul atory g [l endi L the subject of adm nistratjon [ get
HOER FRRCERRETTCRAN Y O o os? 58S TRyt phopbn ot

di sease an or- exanp I § an
injecti en be apraduhbstwerghérwb 6P Kutf IS8 br noreat kenthef obesity, the
dose is about 0.01 to about SOHQ%R:preferably about 0.1 to about 20 nmg,

t

more pref eFEBPY CBBEBEECD. 10 ¥ AUt IR0 hage p@iaueage PE the sabféen shat
adni ni strabhepaks #ndog=HURN ngﬁ%t 19%26%@1?”. rERRE! gﬁgrr;s&a%gtlég gf body

wei ght 5 can be adm nistered. [OC ni-ma resent fnvention
i s not parbieeal actiyehcai imdtve thigigsifectoft aHehdnéxpreéisnonodbneadagenaus

GPRAO, as Hggg)afsagufgg%Tg,QLKFX&%quP h%?%%%e of an antisense DNA

20 intended to degrade RNA with RNaseH, an antisense DNA 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 complementary strand of the full base sequence of
the polynucleotide that encodes GPR40 including the intron, is

25 suitable.
[0065]

Specifically, when the subject non-human mammal is a
mouse, an antisense DNA comprising a base sequence
complementary or substantially complementary to the base

30 sequence registered under GenBank accession No. NM 194057
(VERSION: NM 194057.1 GI:34610212) or a portion thereof,
preferably, an antisense DNA comprising a base sequence
complementary to the base sequence or a portion thereof, and
the like can be mentioned.

35 [0066]
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i0o expressed is secured to the extent that enables a quantitative measuring
of the action of the test substance on exogenous GPR40. However, for
exanple, if the exogenous GPR40 i s heterogeneous to the endogenous GPR40,
and the Tg ani mal*ToPRECHPRSEBIE RAVEM i DPIE TSR G e FaMPIEBeatairygor

capabl e of 4atdinG+/i2119t cBRLYABnEHEy Nel annoensous (FR4%e Ryt al so on the

endogenous GPR40, it 1§ 8e5|rable that the expression of the endogenous
GPR40 be i maztinatledt ifhethigt apnoede ofGRRAE mresemoritiventtherehdvi ng t he

expressi on Qf endogenous R40 Lnactivated c be oht ai ned i ntroducing a
DA € hat eriH T B re g B abuSe PRIt 20 11t o T RS OERr Py CthERePRa0
gene knogkedeént Sekeatednby @af opE0R Y e hesgeed 8h exanpl e,

nonpat ent docunment 3 above) or the nethod descri bed above, or into an early
enbryo or EZRES [0IpPapsr e8AReRAES t Hel Enalelan @y jay SN thmtt kaceRRrRs0 ckoned

ani mal by t = Ckl met hed., r C i
above-descf?ﬁé%gﬁgﬁﬁgga %f?gghatlve f?%gﬁgﬁ$§ gﬁgngfm%%g?éggpggsent
i nvent i on hahing ttihg &kpr espl beaiofore noogemmes G4 f nhet GPaUOd geas .al so be

obt ai ned by, as descri bed above, introducin DNA t hat encodes )
het er ogeneoﬁ??%é%&@ﬁ?ﬂ o B3R AFH e d’rglif%lecéﬂrlesﬁéﬁti veyePtaRPaiRD

ani mal havidagale 3@ ByBEESS) Oy OFi 46 R0 9ene diaeld vabad Ry é@ﬁhéense
or RNAI technol ogy, in accordance with the above-described nethod. [0080] A

Tg ani nal E@Rend™RNA expiestiah ofargeogdrious rERRACt) , andacepebiedpfand
expr essi ng ;het.er. e nly an_ al.so .35 be obtai ned. b ting an
ani mal havf%%hgﬁgqgﬁdggén%ﬁgé%ﬁ%f% %?ﬁjeﬁ%%%l 5ﬁi%P8F %88c3$6¥8§§ﬁflgﬁd an

ani mal i ncdmpeor arongihheocabamer descri bed exogenous (het erogeneous) GPR40,
of the same species as the KO (or KD) aninmal. For exanple, by further
mating a mel%9%ddd a femal e of of fspring obtained by mating an .5 endogenous

GPRAD houo- def] chRal clrhe) PSS A00 EhIUIRN PRIOLTA CF theMUsEon:

(endogenous GPR40 hetero-defiTient (+/ uman GPR40 hetero-
nouse), andnyengdbhngsanabusercomilamed tiguiteace widiareGpRét Tg the-) and
Touse PR RkLCLRIEY, can. eogenons RO (o o TNTR" BRA O ptde i)

is inhibited as a result of hybridization of the antisense DNA;
the target region may be the entire sequence or a partial

20 sequence of the mRNA that encodes the protein, and the length
is about 10 bases for the shortest, and the entire sequence of
the mRNA or initial transcription product for the longest.
Specifically, the 5’ end hairpin loop, 5’ end 6-base-pair
repeats, 5’ end untranslated region, translation initiation

25 codon, protein coding region, ORF translation stop codon, 3’
end untranslated region, 3’ end palindrome region, or 3’ end
hairpin loop of the GPR40 gene may be chosen as a preferable
target region of the antisense DNA, but any other region in the
GPR40 gene may also be chosen as the target. For example, the

30 intron portion of the gene may also be the target region.

Furthermore, the antisense DNA of the present invention

may be one that not only hybridizes with the mRNA or initial
transcription product of GPR40 to inhibit the translation into
protein, but also is capable of binding to the GPR40 gene being

35 a double-stranded DNA to form a triple strand (triplex) and
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Alternatively, a Tg animal having the expression of endogenous GPR40

i nacti vat ed a. ki.n,(Rl') aninal_ having_the endogenous GPR40 gene
repl aced mﬁtﬂ éx%ﬁﬁ)ﬁﬁﬁggﬂg_gﬁgoéggnﬁgféPgb%ﬂe §UEFR4@1 ¢rgeheveargethag
usi ng honol cgotissereeombirnati @Re bPOSEht inventn 3 PBlS LAN e Preepared
usi ng basica%%% t he sane technigues as those for KO"aninmals. For exanple, a

targeting 20°NVEEy hybrpdi pngndueriatbet degreaiani ax disiRNgseH.egi on
conpri si ng tﬁg@ég?F of the GPR40 gene derived fromthe subject non-human
manmal using an appropriate restriction enzyne, and inserting the

correspondi ng r egrodNaf thahetrcogenenusi KIRRAR: geRHIRS G HMBY1Rg1 1
i ntroduced iq{o an Eg cell derived from25 the subject non-hunman mamval in
accor dance WtREHE 5B6VERNAERR T berreRe hdtPR4hPrartES imditiiadl one having a

DNA that encadescihgthshepPggneous: GPRAA Nt &f:at 1 ohng ;anhmal’ s
endogenous GPR4che§e Ioc%s by on%ﬁ§§%8¥k$é%%%g¥ﬁgf%éﬁ%ngﬁnﬁgggépgcFQ@.
The cl one séinégpnonochhobeipetiiorcmsk ust ngePGRiar a30 tSamkhesiption

ene such as

hybri di zati Qn; exanpl en_a positive selection marker
t he neonyci%Qnggé?aﬁ%% %gﬁ%w$% ?9&§§R§§quﬂﬁ9 tthe @“t&ﬁ?ﬂﬁﬁspgﬁeqfr§590n of
the GPRAGY gemesehtt heveat o6k | n@n\ée%tfoE:hénﬁloggevékgﬁtilgé'dﬁ%]@aﬂﬁé% VE 4

I phtheria 1 oXi n gene

sel ection marker gene such as the HSV-tk gene or the
i s 35 furth&PLEngELietngRNA deowrttk iredinfiectdouiso§dads suchhest at getd49nd

sequence, ayhe ou [nant .can be selected with drug resistance as
an i ndex. Bgcag§é9§’p%%§$?§gqge SRS Pﬁér% Snga§59éPiF¥§eiﬂP€rF%?es

with the expikssane kiowhe iTher bdnmedhbader 98 NERMEL b SRRMM tadtSivity
pr ef er abl e ene be cut out using a

that the positive selection marker ger
targeting vg&?%raﬁﬁ%$e$¢quﬁ?q(%HD¥9&$E@ncén§rl risspgashbdeitopl aced at
bot h endss of L4d i I , L oW ng . a or F
pacPPstdi Me SRIAAS 19l %%r?%% ARNR b yT%k%SSAS e%%%i?ﬂis%%dgbr.

reconbi nase or the reconbi nase expression vecto a
and the 10 Ppkk)ends atiardtimgn tappmhephaatmerhend attacthpeDPEBOLSH (about

10 bases in total) a sequence complementary to the desired
cleavage site of the mRNA. Because this type of ribozyme has
only RNA as the substrate, it offers an additional advantage of

20 non-attack of genomic DNA. Provided that the GPR40 mRNA
assumes a double-stranded structure per se, the target sequence
can be made to be single-stranded by using a hybrid ribozyme
prepared by joining an RNA motif derived from a viral nucleic
acid that can bind specifically to RNA helicase [Proc. Natl.

25 Acad. Sci. USA, 98(10): 5572-5577 (2001)]. Furthermore, the
ribozyme may 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 [0069]

Herein, a double-stranded DNA consisting of an 0ligo-RNA
homologous to a partial sequence (including the intron portion
in thg case of the initial transcription product) in the coding
region of the mRNA or initial transcription product of GPR40

35 and a strand complementary thereto, what is called a smalil
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reconbi nant selection. Alternatively, in place of using the Cre-|loxP system
us to the target sequence may be

or the Flp-f t eque honol o

arr anged Pepfegatte?dﬁseyﬁmr? %ﬁ@ 35&3@%&?%%%? ot RSt ds® drepgissithae

sel ecti on neéfkeanigenle cfarthhe Prasposi tihvensebact i BN HERY kﬁreng%%wgaxhgg GUt
83]

out by means_ . of, int eni.c reconbi ngtion between the sequences. [00
Usi ng an en 6%%H%ﬁé&%gﬁiﬁeﬁéﬁﬁﬁnfehgﬁgﬁééen@BhghGF@M@.HEFQQWQﬂﬂn(nhaﬂ when

ani mal _obt aigiwkzas destiridrdeadene, as1i8,t g SASRG[d hed (gxogenous

GPR40 Tg ani mal , screening fgr GPR20 agoni sts §§%§2%¥§ﬁgﬁi§%%?xbﬁﬁfb%NA
iB nsul i n sécge‘?lgig eK%_E@@bSQCF@Irér én&?emequ?spéynsle?mn m]&ahﬂlﬁdgﬁft%@rqqés@m
ecause such.; . i mals_or ani mal s not express endogenous

or has the efbre55|o% ?ﬁggganPgdﬁégdc?g?érﬂ%gl?%i%ﬂ%?IQQRHE 175 apfigadane

are useful iceltllzat[Naftarea dnugebbal . aghs- Nog &1 9N hetgmo equs GPRA40,
but al so on endqQgenous GPR40, the action of the drﬁg'onfﬁttgéggg%ggus GPR40

can be eval ; qukAliese] 981 90 pboswpaBive tefhtiqre tto stizblzymeet ai ni ng a
DNA t hat en exag L 40 1 n_an expressihle state (Tg. aninal),
and havi-ng %ﬁgﬁgxg?gs§?0§5g¥§%%5§%%0é louS" d”bgﬂﬁeiﬁ§&§i9§t€éS€KCYKD
ani mal ), 10 heeTyeanenahfotmahkopr esettie inMENtBOh@Rthd ha KOLKRsap;mal of the
present invention nay.have one or nore other gene 35 nodifications that
produce the°§§W§r8}ai%N1F§?l Yotk 1T AT 6D 9-di FMse Desiahiech GPR4O
activity regdakatiregehy.i nvolved_ "A disease in which GPR40 activity

regul ati on kao%gyo ved" is to be understood as a concept enconpassi ng not

The antisense o0ligo-DNA and ribozyme of the present
15 invention can be prepared by determining the target sequence
for the mRNA or initial transcription product on the basis of a
CDNA sequence or genomic DNA sequence of GPR40, and
synthesizing a sequence complementary thereto using a
commercially available DNA/RNA synthesizer (Applied Biosystems,
20 Beckman, and the like). By inserting the synthesized antisense
oligo-DNA or fibozyme downstream of the promoter in the
expression vector, via an appropriate linker (adapter) sequence
used as required, a DNA expfession vector that encodes the
antisense oligo—RNA or ribozyme can be prepared. Examples of
25 expression vectors that can be used preferably here are as
described above for the Tg animal of the present invention.
A DNA expression vector that encodes a longer antisense
RNA (for example, full-length cbmpiementary strand 6f GPR40
mRNA and the like) can be prepared by inserting a GPR40 cDNa,
3% cloned by a conventional method, in the reverse direction, via
an appropriate linker (adapter) sequence used as required,
downstream of the promoter in the expression vector.
. Meanwhile, a DNA that encodes siRNA can be prepared by
separately synthesizing a DNA that encodes a sense strand and a

35 DNA that encodes an antisense strand, and inserting them into
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only diseases resulting froman abnormality in GPR40 activity 5 or
resulting in an abnornmality in GPR40 activity, but also diseases on which a
prophyl actigc d/ or therapeutic effect can be obtaine y regul ati ng GPR40
Tty o DrRh AL TRRR L G foh W tih "BanThe prVENEERFEFBLPBY by
activating veRR4R,i pekutavihgbat es1 nett i ¢ wstdd Wponotand siype alsl e be ghucose

tol erance inpairment, hyperlipema, and netabolic syndrone, as well as
ketosis, a&adodesUs§Pabet? ctvetirGE-hyn dhsberimanephlbpaRAYTPATrabbng c

[ et} nopal itnAkerboschREOSLASo Sextand Wl WiRd |0k AFRLRL gl i sease,
art hropat hy, osteopeni a, thron%otl c di sease, mal I gestion, nmenory and 15

| ear ni ngs ditgtamsisanbedanddt Aeneéaked Bmdf alits el .t hahREANche be prepared
prevented/treated 8 inhi bitjng GPR40, i ncl ude obesity, hyperlipem.a, type
|1 di abet eS¥mel > é?gaﬁdu%{éug?‘ﬂp?le%%%‘i FhEEhFFTED 09,8y agdisense

hypogl ycenmisa.rahyipeeparstea, bdi abeéhgr meurepatly 1l aetda¢ iBaPREoRat hy,

di abetic retinitis, edema, 20 brittle diabetes nmellitus, fat atrophy,

i nsul i n-al PEPFPPriasal LAeRastaneeiFostiar oxiapliehr @lonti d SditsedSepakat)
toxicity, er like ] " en ifi jons”_ inc|ude
Tg aninalsq?%%n?%ngggggggl%#§e3§%gggggrlg%?ﬁgpg hggrggeaﬁﬁgﬁ or R T an

endogenous vgenert, heneohadiegt® PolpDIit anediessn BHcaldtet, stighaaknales of-ugt her
not her, gene, KO KD ani mal s havi ng an endogenous gene ot her

. s
than the GRA0DGeHESFnack VAt'S Sl 48R RYPahF AAFSTURBR e R goneaninal
expressi ondeas baesrperueedy! ondneAl ek POiRRlE do-Reoll gbBLerleyeb py @

gene destruction due to insertion nutation and the |iKke,
i nt roduct i @rdofisafhant PsepsesBlovram abgdnauserreyes diceut nabi zhag

anti body), i pant_negatjve mut Tg.animals_incorporating a mutant
endogenouslg%%LFgaﬁar?%%a#?ﬁ%.sﬁgﬁ%OOg%%erna lveTY’Eggnbfe%?%W RedAPLe
" di seases mpdekgshhiaviengnosedewn By RN N ey @8 aWRdinly GakheRrsriRalmPRRAYVCE

the sanme or simlar condition as a disease in which GPR40 activity

regul at i onCPEPEATONTebe | HERNA eSMNITP AT LLMKItHEG Sargetalsingxp. Pahi &,
vol. 5 29, 1 B (Cri.sa t | a ab. Rev.),
vol . 8, pa82§%§m185%§?9% 7054&?&%?,g%ﬁ%deXDgsgg%ﬁﬂ%%%lQféﬁi?&gﬁ%és%%Tence,
vol . 153, prgeifl27¢xiB663]0oKK mimmes- R fiinudeoc@dowmat icGatleoYposkiBle.
Tohoku J. %68 mbd., vol . 119, page 85, 1976), Zucker fatty rat (Zucker
L.M et al [2VAhA. NY 10 Acad. Sc., vol. 131, page 447, 1965), ZDF rat,

OLETF rgg (KawanpoK. igtrdducind abeld8Hradiomthe a3e g2 <1882) aRA the
like as diabetes mellitus nodels, ob/ob mce, db/db mce, KK nouse, KKAY
mouse, ZuckBRtfanegdeatan zZpFtisansDIANR, sdRNand shR¥A|, i ke asRYBesiEt gPRodel s,

VHHL r abbi t havj [ i,n | S5, depsity. i i ei
(LDLR) - vt Shaba V2L w628 Ui o i St padh B8R0 H 0 e

( spont aneoasimiteohavhe go e el wirarion Mt alsiean asMappuspriat¥. et al .,
Manm Genone, vgl. 10, page 352, 1999), LDLR KO npuse (Ishibashi S. et al.,
3. din. |n@@g??,lQ%I?°9§¥aﬂéﬁ§¥§8§?ll' For example, for introduction

25 into an early embryo such as a fertilized egg, the
microinjection method is used. For introduction into an ES
cell, the calcium phosphate co-precipitation method,
electroporation method, lipofection method, retrovirus
infection method, aggregation method, microinjection method,

30 particle gun method, DEAE-dextran method and the like can bé
used. Alternatively, when retrovirus, lentivirus and the like
are used as the vector, it is sometimes possible to achieve
gene introduction conveniently by adding the virus to an early
embryo or an ES cell, and culturing the embryo or cell for 1 to

35 2 days to infect the cells with the virus.

44



20 1993), apoE KO nouse (Piedrahita J.A et al., Proc. Natl. Acad. Sci.
USA, vol. 89, page 4471, 1992), human apo A/ human apoB doubl e Tg nouse
(Cal | ow Nli 22] , Proc. Natl. Acad. Sci. USA, vol. 91, page 2130, 1994)
and the i 8 hyperllpenla or arteriosclerosis nodels, SPC2 KO m ce

(Furuta M et a|RegEﬁ@Eatgén“@f|1nd¥ﬁ¥ﬁué@§ fr@@ﬁanV%Er194emE§93 §64ps 1997)
and the |like_as hy 8 gl ycem a nodel s, ob/ob mce (Herberg L. and Col eman
B8 1

D.L., MetaF6&lilsrhfs slmena gl SHOUNIFTY), paeSAees dPERRRaRtEanMTand Yamada

K., Di abet p 7 FL So a,.M.et al.
Lab. Anlnlgé@%%§g0¥%g) g nd @gg g%% ‘%§9%§b3§3a5r3@ aggy Flée% Koaapove
CD55/ CD59 WQMbIee%geatcéo(fhmw&gFénhmaﬂ o .theXenelseansphaahatban, vol . 5,

pages 184-28 7% 98) and the like as ischem c heart di sease nodel s,
i nterl euki b mce (Goves RW et al., Proc. Natl. Acad. Sci. USA, vol.

92, page 11874, 1898)cangedie hdkse ashrdarnmf iy %a@d%'réss%ﬁetﬁ? KQ

i ncorporating a mutant anyloid precursor protéin gene and t :
Al zhei nmer' §Oéﬁ§ea§ethﬁdergsem@tEnfynlxdnﬂgxeSaAﬁﬁlbheghl PanjabpfTgnnise

(Trudel M . vol 1ge 3157, 199 he |i ke as anem c
hypoxeni a 1o elgeréter0|ﬁ%gen|%?%act YIS 2 (%§5§E265 poype,
DevelOpmﬁntpmpekedlﬂﬁthp@gﬁd5tﬁﬂ§Jmﬁﬂﬂ1kmﬁ&@nbﬂ&abﬂéepﬁén@@??@@'wgkéorder
nodel s, p53. KO mce (Kemp C. d Mol ecul ar Carci nogenesis, vo 12, page

132, 1995)°Qﬁ8rYﬁ€ like as liver cancer nodels, c-neu Tg mice (Rao G N. et
aI., Breastgganger Res Treat, vol. 48, page 265 1998) and the like as
breast cancer nodels, and perforln/Fas | i gand doubl e- KO 10 mi ce (Spiel man
J. et al., J |nnWheh the KO amMmabagétiﬁﬁ$wek&&8)1andnthen|hk§ B&en
endonetritis _nod "di sease nodel,s having other gene

nDdlflcatlgngpaﬁ?g Bﬁr%%%%%&ﬂ%gf?cﬁﬁp955e eXER5 dPtPhENGAERREA BaRBrBPory of

the Uni teddSkakes end gbie) i ked ©0fe C@%bcﬁ%%'rl yehe E%e@ﬁfssgtgél ag 35 a vell
known gene nodification technol ogy. 08 he met hod of I ntroducing

one or nnrQoéﬂﬁépng@ﬁ@€¥mﬁﬁ¢|Qﬁnﬁﬁnk;Qﬂuﬂﬁ ﬁﬁd@aeéouhepsameter sEnthar
condi tion disgase, i - whi i Vit ul at i s involved into
8r40 !;é XQ & uqol% Qﬁaq:th ]:% o%%& RD é‘rﬁ | OB t%m

the 20 Tg ani nal the I'nventd on o e

present i n@éﬁuoogene ot m@réctmﬂraard yedx iyt a@pl@(_a@pbeﬁelsﬂcbuﬂﬁtaﬁéé
nmet hod coggF|S|ng £0$S|ng the Tg aninal _.of the_ present invention or the
KO KD ani maf*®of?tHd p?Jés%rﬂOIF‘?ﬂF&htqforF%&lé’lﬁ‘Snbﬁgﬁaﬁhﬁ’ﬁﬁﬁﬁi élﬂdt he sane

speci es,havkbpgcOnfy Of ha0E &, AL NS 23 108Re TR \A%oElt%%t ans that. ne %H{h
y reg I ONn

sane or simlar condltlon as a disease in ch GP 40 act|V|
is invoIveéep0€2¢ragﬁ@¢rnmbkuﬁqw|buUu§nenmp¢daamuged DNA Dﬁas Ehabdeﬁcode
exogenous gﬁg4gernto an_ ear|

havi ng one or Tor & ot HeT- e % %ﬁfdlr(%%e@é]t H?rteﬁgfenﬁr 85858”1 e

alkaline phosphatase, f-galactosidase and the like. Reporter
activity can be measured by a method known per se according to
25 the reporter gene used. ' |

Useful test substances include, in addition to, commonly
known synthetic compounds, peptides, proteins, DNA libraries
and the like, for example, tissue extracts, cell culture
supernatants and the like of mammals (for example, mice, rats,

30 pigs, bovines, sheep, monkeys, humans and the like).

If a significant difference is observed in reporter
activity, compared with an animal to which the test substance
has not bee applied or a portion of the living body thereof,
the test substance can be selected as a substance that

35 regulates the promoter activity of the GPR40 gene.
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30 the sanme or simlar condition as a disease in which GPR40 activity
regulation is involved, by the above-described nethod, to obtain a Tg
animal (a r’@tolcy@q conprising treating an early enbryo or ES cell of a
non- human manmmal havi ng one or nore ot her gene nodifications that produce
the sane or sini BaraB5ecthdi 6PR40 gsranaliesease iivi twhieahaGPRAG aetigvity

regul ation | ﬁ 5% i Evogved b%ﬁge above)-’i descri bed nethod, to inactivate the
expr essi on “6f & eg_n 39 H8U_§C G M st dist éﬁaﬁ%lﬁooﬁD_héﬁilﬁﬁ! fhe(gymg
met hod corrarfféblﬂgalsnth@dagweg—@é&pfbé@rcﬁ_»mm%rgogﬁ@,%,meﬁla;f kGRLI 98BS, V\E%%

I C

produce the same or simlar pathologic 5 condition as a disease In

GPR40 acti ¢St ¢ Pegohulpehi¢sthenapawdid masendn fear Idj seasegosorhEsscel | of a
non- human LN i t hat .enco exogenou R40 by the
above- desc??gggltﬁ%t ﬁ%gf%g&%re cor?pnr(% &S it v oddl ?ﬁ@eénngFoﬁﬁre ot her
gene nodi f itodtiranse} hayppr diipeei 4 hearshi® tebaliil lsghdrempat pahegksscondi tion
as a di sea%e in,which GPR40 activity regulation is involved into an early
enbryo or E8PEELPRoFegumdtRhulrd maRfEICTRAR Aynsllend6BRREUSNEGPRAONENE

i nacti vat ednshy s hhgeabovesseseshhad ”@ﬁ}%ﬁ@lﬁ%ﬁkﬂch%gkhlée- allx{g BRRLLaIPLE

ot her gene nodifications that produce the Same or srm | ar on fon-as a
di sease1d nPwheth GRRAGcattd vadentr. eguhahidantisnj nvik VERR 40 epmsiitamed by

i ntroducin n_exogenous gene.or dom nant nutant gene, the exogenous gene
and the Ii%gggﬁ %5 Th ge%%%ecsa”efca)lgsé’n@@s UESRABS(8r a targeting vector/

a DNA t hat peophdescant f seasgpENA OladerfNio ey sha skRt 5adHced RQtosis, |
si mul taneously or sequentially into an early enbryo or ES cell of a wld
type non- hdfaHCfhfmefidle bt e %erPRFYor Q@@)lcaﬁ'ﬁ@hlrppﬁuh}’hedmlpetid:f one

or nore othegr;gepesnodifi L oS e rosimlar.condition
as a di sease in V\Elsbh C;%ﬁ](a)é%ctl v(%gt}?;'t r %rgegﬁ%;ét%i gygi%gilgggSB(/eéeﬁwgg%ﬂgje%% by
25 dest roydhgeane gnslogenoust lgen ey s taedpidh ith att heioabdes cenogensys GPRA0 nmay be
designed to eted to the endo gene tQ be destroyed, and

1 )
int roducedmf‘gsbgg%g’é@‘ceﬂd RSP A Iag‘%?)a%rﬁ&?-ghl?ﬁﬁﬁuﬁﬁﬁﬂﬁ?: I hi s case,
the targethpgiveeyosnnsediig Pref APt thesaus %%K%ahgha%ggphjd&&ﬂ Wi th

respect to the 30 above-described preparation of a I ma except that
t he endogeR68B2GPRION gihethes Faps awedhen s WichenlegEABAS georitv, band
dest royed. ] . the Tg animal. of the present.inyention or the KO KD 35
ani mal ~ of %%xgog(rgeas%%ﬁ}%v%n | oonrna}elslycroorsggd%\ﬂ teﬁaétléfi \éSa@@W’BSEI (g r

non- hunen erample pfhiensankatspeciies: hajiifg0peqel, FBHBiethesn88pe pigs,
modi fications,that produce the sane or similar condition as a disease in
whi ch GPRABOBERFT thOFEREM Faloh i0gsnvBlondeysi ardstheslikpl e t hat
honmozygot egppeegr ossed. For exanple, the F1 5 obtained by crossing a
honozygot e nouse having a DNA that encodes exogenous GPR40 integrated at
one gene | ocus &Rtk alei dibf nbes SHRAiCapeoesteel bictiusiopeshhynaobdgl driag

het er ol ozygot e with respect to both genes., O the F2 . individuals obtained

by mating ST bITRGERHITIHIS ¥ [ the feTHes E66856us Sepigst of

25 administration, route of administration and the like; for
example, in the case of oral administration for treatment of
diabetes mellitus, the usual dosage for an adult (weighing 60
kg) is about 0.1 mg to about 100 mg, preferably about 1.0 to
about 50 mg, more preferably about 1.0 to about 20 mg, per day.

30 In the case of parenteral administration, the dose of the
regulatory drug varies depending on the subject of
administration, target disease and the like; for example, in
the case of administration as an injection to an adult
(weighing 60 kg) for treatment of diabetes mellitus, the dose

35 1is about 0.01 to about 30 mg, preferably about 0.1 to about 20
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10 (+/ +)xdb/ db. [0089] The Tg animal of the present invention or the
KO KD ani nal of the present inventi on may have undergone one or nore

non-genetic hat Ry Qgdu h ane,_or | ar /5 C dlt n as a
di sease in V\%i ?ﬁég&% SRt S uba?i ?B(ﬁ ?hs’o?%vjo hgtFEe
treatment" seahnscta df eﬁhrrﬁeﬁtsttrlaatlodoes A0HoPF 9EHEE zmjg@me @ﬂlafxﬂo%ttl on in
the subj ect non-human mamel npl es of such treatnents include, but are
not |imi t ed“®BVer kil dtgTorP dikch Oér G@§Y5H€hg%§ Sy, bji admimi sfigress 20 | oads
such as highgdpf; diet |oad, sugar |oad, and fasting, external stress |oads
such as UV, active oxygen, fever, and bl ood vessel | i gation/reperfusion and
the |ike.s [ 0090] Bﬁ@m Hdleo GPR 46 opdend bar nadiel v any relprofstsa imed dryig25

subj ecting t of the present,invention t he KO KD ani mal of
the present® Pjﬁvetget era%l afot f&r Bgnne“e{:rg ?f’r%a?é?%eﬁ%ﬁ ‘ﬁgﬂ’a@’éﬁ’@t it S88ement
as descri besf ghayesLameb@apsved dbacseheaNGHPRY 0 dastiisdinae N NGne is

prophylactic/therapeutic effect on a di sease acconpani ed by the sane or
simlar pathstioyh @Sc@ndﬁrﬁpélﬁflﬁgtay’éhér@ﬁ@%‘é}@gﬁ%e%nfdfilt idirs ammeist esiced alsy

the ani mal . bﬁ;gelcegf e\bll nRp! ¥ tgf%b&jggtr@é@%%t‘%ét he aé%ollogl c

condi ti on nodel or porflo I VI hg r 0
det er m niongrédies e csryaﬂdromeof pahereﬁ hﬁlhmgtnomoi‘mljdllaijhr Ae.g

prophyl acti c/theaogp .substance, for a dji sease acconpani ed by '35 the same
or sinilar émé: A8t FBRTQYI A2 3SR bl oI5 SEGHAE®N can be

sel ect ed. suppres'fm&l f izgal hypepgﬁ}@éﬁ% Capat 0l agi 64a9R4LHI OPFel gﬂwe’e

synptoms observed in netabolic syndrome, for exanple, diab befes nellifus
insulin refixMaies, agtivésy-soPprapsengbdivegetan yal%o disesisied asyper t ensi on,

?{Lgr'OSC|?ﬂgﬁﬂﬁﬂa@%g%?tggEgpeut1nggé%€1fé%Eggggagggjs H%F Gema and the

15 hypoglycemia, hypertension, diabetic neuropathy, diabetic
nephropathy, diabetic retinitis, edema, brittle diabetes
mellitus, fat atrophy, insulin allergy, insulinoma,
arteriosclerosis, thrombotic disease, fat toxicity, and cancers.
The activity-suppressing drug can be prepared as a

20 pharmaceutical preparation in the same manner as with the GPR40
agonist, and can be administered orally or parenterally to
mammals (for example, humans, rats, mice, guinea pigs, rabbits,
sheep, pigs, bovines, horses, cats, dogs, monkeys and the like).
[0078]

25 The dose of the GPR40 promoter activity-suppressing drug
varies depending on the target disease, subject of
administration, route of administration and the like; for
example, in the case of oral administration for treatment of
obesity, the usual dosage for an adult (weighing 60 kg) is

30 about 0.1 mg to about 100 mg, preferably about 1.0 to about 50
mg, more preferably about 1.0 to about 20 mg, per day. In the
case of parenteral administration, the dose of the regulatory
drug varies depending on the subject of administration, target
disease and the like; for example, in the case of

35 administration as an injection to an adult (weighing 60 kg) for

47



[0091] Specifically, in the screening nethod, a test substance is
adm ni stered to the above-described pathologic condition | o nodel animal.

Useful test substances ipclude, |n addition to co l'y known synthetic
conpounds,tﬁ@ﬁt?ﬁ@%,°3r8§8?ﬁ Y'E*@@Ié%ﬁ%r%%§ﬂﬁﬂﬂigﬂgﬂ1F?e?bPHF Lamfr e,
tissue extfpaeiferasekl apelitunelsupespaiants mnd idie WieehpToMmBbac(Hor
exanple, mce, rats, pigs, bovines, sheep, nonkeys, humans and the |ike).

151 f a si giicf iPPRE afelBer BEFofAawf thfe that Isobdgce eéndfminhsisabbseriedc
conpared wi{h _aniaal §,09L;recei yi h et he test substance
can be sel ected as a gu@%%éngg %ﬁ&%ﬁ%‘%”%&%%ﬁ%f %%?E%tﬁgrggeéPﬁg g%%?é?ty
for di seasesnabeoapanneédtbyetihe pat hol ogi ¢ condition. 20 [0092] The
prophylacti;/égﬁrapeutic drug for disease selected by the screening net hod
can be preﬂ Pddlas a pharmaceutical preparation in the sane manner as with

the above-describad €FRAN:AGONG Bt tha NGk Shde AURNISE esedopral ly or
parenterally 25 to mammal s (for exanple, human, rats, mce, guinea pigs,

rabbits, ske&picplgslybdiinhbed Wbklserespents talddes, exprespioandft he |ike).
0093] The f th hyl acti ¢/t herapeuti ¢ dr varies 3 endi ng on
: ] e&?%gegoug EBHEBp 4 f%ﬁﬁrﬁ%t%%é%qﬂﬁﬂﬁwﬁ§ggx8ﬁeﬁ8ﬁfnggggﬁ 5

t he target sease, subject of a tion and

the likey baprexaspl &s sacthedcesetind @xain@dfat %bb@ub@nafgﬁahﬁﬁeéﬂﬁﬂé of
di abetes nellitus, the usual dosage for an adult (weighing 60 kg) is about
0.1 ng to BFBEHT106 RY, theerer it yhHR teT i e5QngRoABNeUss

preferablycaRagt IyQ,dweaboty, 204 1el9€&fd:%)€?t g?ggﬁoﬁéiéP rJO 56, parent Aer al

adm ni stration, the dose of the prophylactic peut | ug varies
dependi ng betehegsubpest tof the némicderati0rGPRA), genddithea¥g andmtbeoki kige
for exanple, in the case.of adm nistration as an injection to an adult 5
(wei ghi ng 8661?85‘1% 6?"??‘2%1?%%? %?e‘?sji%ooe%"eag%%‘? i% 6‘§J,ugt f8PaBie P§ aBbirgo. 01
to abouts 38o80onpyebar ahé Ynabotbgéhdodd @ran, 20:c"G 806 PhET shablynahout
0.1 to about 10 ng, per day. If the subject of admnistration is a

non- human &RRARAF, 1&nlandesi ks diadd the ewregsdbrbedy thei ghtiogenobe
adm ni sterggdr4o pe inactivated. The Tg animal of the present invention

having the expression of endogenous GPR40 inactivated can be
obtained by introducing a DNA that encodes heterogeneous GPR40

20 into an ES cell having the GPR40 gene knocked out, selected by
a commonly known method (see, for example, nonpatent document 3
above) or the method described above, or into an early embryo
or ES cell prepared from the ES cell derived from the GPR40 KO
animal by the above-described method, in accordance with the

25 above-described method. Alternatively, the Tg animal of the
present invention having the expression of endogenous GPR40
inactivated can also be obtained by, as described above,
introducing a DNA that encodes heterogeneous GPR40 into an
early embryo or ES cell derived from a KD animal having the

30 expression of the GPR40 gene inactivated by antisense or RNAi
technology, in accordance with the above-described method.
[0080]

A Tg animal having the expression of endogenous GPR40

inactivated, and expressing heterogeneous GPR40 only, can also

35 be obtained by mating an animal having the endogenous GPR40
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10 [0094T The sequence identification nunbers in the sequence listing for
the present invention show the foll ow ng sequences: [ SEQ I D NO 1]

h h f th t hat des h GPR S
"D N0 2] SAOUE ERGC A (6" a0 SEULHED G bR ™ChRI0. "[0088TF TAe TREn (he

present desbbivptteBcribedadhogymaisd ot tiseddrecieNoGerRasest aAkNgamEi ds
and the |i ke are based on 20 abbreviations in accordance with the | UPAC-1 UB
Cormi ssi onSBRCBEScRENTRAI KRokehdfat e wl -onFesnfvamabdr &Y afWoHEs n t he

art. Sone e g n,b g}%y& l;
Cbnplenentgésgggoéyﬁ%%%n%% e|0§%§¥%ag§AA Al enlﬁb%%%%T yn1§2 @fttﬂ%nlne C

Cyt05|ne5RNAdOBEbonacGERQOanmmbfmbfﬁ&#&nmmes@ﬁgﬁmusebandchehuman|dPH&GP.
Ceoxyadenogtng. 1) PRSSBI &, STEsc PO N ML e Lelghospbete OCTEL
Adenosi ne GPRQUOQEBéEQ Tg (+/-) mouse), and selecting a mouse confirmed
to have human GPR40 Tg (+/-) and mouse GPR40 deficiency, an
endogenous GPR40 (-/-) / human GPR40 Tg (+/-) mouse can be
10 prepared.
[0081]

Alternatively, a Tg animal having the expression of
endogenous GPR40 inactivated may be a knockin (KI) animal
having the endogenous GPR40 gene replaced with a DNA that

15 encodes heterogeneous GPR40 by gene targeting using homologous
recombination.
[0082]
KI animals can be prepared using basically the same
techniques as those for KO animals. For example, a targeting
20 vector comprising a DNA obtained by excising a region
comprising the ORF of the GPR40 gene derived from the subject
non-human mammal using an appropriate restriction enzyme, and
inserting the corresponding region of a heterogeneous GPR40
gene instead, may be introduced into an ES cell derived from
25 the subject non-human mammal in accordance with the above-~
described method, and an ES cell clone having a DNA that
encodes the heterogeneous GPR40 integrated at the animal’s
endogenous GPR40 gene locus by homologous recombination may be
selected. The clone selection can be performed using PCR or
30 Southern hybridization; for example, when a positive selection
marker gene such as the neomycin resistance gene is inserted
into the 3’ untranslated region of the GPR40 gene of the
targeting vector and the like, and a negative selection marker
gene such as the HSV-tk gene or the diphtheria toxin gene is

35 further inserted outside the region homologous to the target
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EDTA: Et hyl enédi am netetraacetic acid SDS: Sodi um dodecyl sulfate Qy:
G ycine Ala: Alanine 5 Val: Valine Leu: Leucine Ile: |Isoleucine Ser: Serine

Thr: Threoni ' : t.ei : hi oni ne u: ut.anm c .aci d,_Asp:
Aspartic agé(}ﬁlLéyrgc:eglj_%sihngé%}ggﬁrﬁﬁ%%\rcﬁﬁﬁgn i%?n%)%tsleienc_et é”:lt(fl ariy’ _
Phenyl al anixes iBfrancEy resiane ifidpx . Tr ypt ophan 20 Pro: Proline Asn: Asparagi ne
A n: dutam ne pg?u:ap?rogl utam.c acid Me; Methyl group 25 Et: Ethyl group
Bu: Butyl group PIFCBRENG PERdtpVECSeFRrhzon Brhked (IO HWSdmese gr oup

interferes with the expression of the introduced heterogeneous
5 GPR40, it is preferable that the positivg selection marker gene
be cut out using a targeting vector wherein the loxP sequence
or frt sequence is placed at both ends of a positive selection
marker gene, by allowing a Cre or Flp recombinase or the
recombinase expression vector (e.g., adenovirus vector and the

10 like) to act at an appropriate time after homologous
recombinant selection. Alternatively, in place of using the
CrteoxP system or the Flp-frt system, a sequence homologous to
the target sequence may be arranged repeatedly in the same
direction at both ends of a positive selection marker gene, and

15 a positive selection marker gene may be cut out by means of
intragenic recombination between the sequences.

[0083]
Using an endogenous GPR40 KO/KD x heterogeneous GPR40 Tg
animal or KI animal obtained as described above, as in the

20 above-described exogenous GPR40 Tg animal, screening for GPR40
agonists and antagonists, or for insulin secretion/glucose
tolerance regulatory drugs, can be performed. Because such
KO/KDxTg animals or KI animals do not express éndogenous GPR40
or has the expression thereof reduced to a negligible level,

25 the same are useful in that, for a drug that acts not only on
heterogeneous GPR40, but also on endogenous GPR40, the action
of the drug on heterogeneous GPR40 can be evaluated
quantitatively.

[0084]

30 In addition to stably retaining a DNA that encodes an
exogenous GPR40 in an expressible state (Tg animal), and having
the expression of an endogenous GPR40 gene inactivated (KO/KD
animal), the Tg animal of the present invention and the KO/KD
animal of the present invention may have one or more other gene

35 modifications that produce the same or similar condition as a
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Exanpl es 30 [ 0096] The present invention is hereinafter described in
nore detail by neans of the foll ow ng Exanpl es, which, however, are not to
‘be construed as Iimting the scope of the invention. [0097] 35 Exanple 1
Const ruct i ocﬁnsﬁa%xpmes@ul@hl GERESOr aEbi v hEE pER IR it S GPRAG V§she
transgenic mce Ta high X ‘py{?‘l n the nouse
pancreas, the pl a Sﬁlagfl 4/ &bﬁﬁg,g?ﬁégrgﬁ%ﬁ% ti %eh%:ﬁ%%n%ﬁp%glmo gene
i ncl udi ng theydl vaart r@niloabéduhelgirengodomsarcecarme;xﬁt Fertdrenpamssiad motl in ||
pronoter, was prepared as descri bed bel From a(%gﬁuq%eg% nom c DNA
n

( manuf act ur@l by IGeENTECHESUASERG ATHR ﬁ%rak&%‘ﬁ{}?‘iﬂs}r% H Y
restriction d%%%%%;Gthn SneRebReEe9E v (Pn-GPR40 activity, but also
ATTAGAAA GATAGAGGAGGAGGEGA TTAAGTG 3'; SEQIDIlo NO3), a
primer conpdiseampsa dalwhics br propbrlsit écagndfer SthesmpaHaresiffect can

(5" - GTCGACACAATAACCT GATAGﬁ%gGEEW T "; SEQ ID NO 4), and KOD
pol ymer ase ¥ ‘% &Y By Fd7s58§ Egéﬁvas per#g'r med under the conditions
of 94C 2 mn -* (RACESRA e, HB8Cadbsechar2banyist esreanit ad frmgitent by
conprising a 15 nouse |nsul in |l pronoter was subcl oned into 4- TOPQ

Bl unt (nanuﬂifa*cl‘(ﬁf@dl%ﬁﬂw drsgenr. dirRerrsemet o RufRh Y i RSNAT) -
(manuf actur o, D& %p][“% quﬁeﬂ%l,nﬁpp@méﬁwg A4 Saddapesid i ction

site at t’he’
ATTATTGT CGASGAGER mmuaeeq. &GO GECCIE@%@@'CT ATSTEG Q' neRPISROY,D
{SEQ ID

NO 5), a prinmer haV| ng t he sequenge 5' -

NO 6), and KPPt MSRITOR ar?z‘ﬁ’uf Q&FEPFEGCW@"FWES 8§ﬁyPCﬁr rsl%staéf%l?oneds ‘under
the conditigons,of SAG AP, deatrlasgscal 68Ce38kn)ax2rsysties, a DNA
fragment conprising a human GPR40 gene codi ;g region and 25 3" untransl at ed
region was ssbebmeredh,i Mt QERLITOROSBRER (n digastiped rb%fn%sm%gen)

The plasm d.into, V\/m hth m)use I| subelgned was
doubl e djt5ge;§?%]aan % négl l[}Jl fnLﬁe %ggﬁégggg%g%g%se insulin Il
pr onot er frﬁﬁé@éﬁté@ﬁtﬁ@a’ddﬂ rkgdlieﬁdbahlelgnleRklOamchaﬁda sbé¢sstpf pCAN618
(described in WO 00/14226). Next, a 2256-bp _DNA fra nt obtai ned by double
di gestion whypeshipeminy dp@e fIrIorﬁltaI]?@tﬁlsag‘ﬁ‘ll&ltHFo %H”gch DEhetRuheit

gene codi ng a nt ?%tgq I 8881 8HbCH oRBE: NaS

i nserted at {,ﬁ %‘F‘?enérjsegd ;)il na{gsapé} @Ceﬁ\ga g?gégtl on of this pl asm d
wth Sall andufmpﬂthyﬁ)@m&ﬁqtﬂduaephropathy, dlabetlc retinitis, edema,

20 brittle diabetes mellitus, fat atrophy, insulin allergy,

insulinoma, arteriosclerosis, thrombotic disease, fat toxicity,

cancers and the like.

[0085]

“Other gene modifications” include Tg animals spontaneous

75 disease model animals having an abnormality in an endogenous
gene thereof due to a spontaneous mutation, Tg animals further
incorporating another gene, KO/KD animals having an endogenous
gene other than the GPR40 gene inactivated (including Tg
animals wherein gene expression has been reduced to an

30 undetectable or‘negligible level by a gene destruction due to
insertion mutation and the like, as well as introduction of an
antisense DNA or a DNA that encodes a neutralizing antibody),
dominant negative mutant Tg animals incorporating a mutant
endogenous gene, and the like.

35 [0086]
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human GPR40 gene expression plasmd plSLI|4/ GPRA0 under the control of the
nmouse insulin Il pronoter. This was introduced into Escherichia coli DH5a
to obtain the transformant Escherichia coli DH5a/pl SLII4/GPRA0. This strain
has been .5 depo¥¥eBRlARdef LEEERs)ShSFRFHEICFERVBN10462CaP t Rare

Internatio 'he@agé% rgani sgy DEROSEL A Ypr Hatdonale Is%%{e'-Stolﬂ %iﬁﬁlﬁ@vanCEd

I ndustrial Science and Technol ogy since Decenber 1, 2005. The '
above- descrddred tpb8L bE4AGRPR4Gapasin rvipl eh dikfRedl et tiy vt repfudet ikpnis and

Spel, after, whi.ch it .wa ubj. ected to, el ect rapharesi.s on_ | ow,0®l ti ng-poi nt
agar ose geIln(vr?&ﬁ’l?fiactlﬂi:iaaﬁyh$§klﬁ%%\e Sﬁbgaz}é]f}o g‘cg'd A 5978- t%ﬁ‘pmﬁ%ﬁ?“agngﬁ “was
exci sed gutrg ThRgoNA, f 1agueNt BRAsapyr (EiBsh US) ng: NIcl eatibdp terangtant ur ed
by Japan Genetics), whereby a DNA fragnent conprising_a human /5 GPR40_gene
expr essi on Rt @ lac§ui Pede( £t GLO92). PROYBMBESDI®/Sbrreyarat FoRmEH
human CPRAQ. ggne hr ansgehee ! 681 . 153, pEEPAIAL! OB ! KANSARILC RkAe DY

m croi nj ecti’on was ‘perforned’ i n accordance’ with the method of Hogan et al.
20 (Mani pulatuseg Gie ralbug6oetobiyoet Cal d, Spohaigr Har Bixp -L #Msot.at ooy .Piéss,

1994). The DNA fragnent conprising a human R40 ne, expr essi on_uni
prepar ed i PASafprel 76%@5%38}‘6& gﬂtﬂf) bt aﬁuéﬁggﬁﬁ?at 0ITs “of El’f‘nt‘ok]g. 3
pg/ m in,1/AQ qTEssQl Ut bgn  (13M Fags- HEL, DodsyM B AatiHA3E)F rAt

fertilized egg derived from25 the C57BL/6J strain was placed in a drop of
M2 nmedi um cldieeraend -t Btrher aPiabeteandvabpi bt eerEhdl 4 Bi9922e@ndsithg a

hol di ng pi pette, and_the above-d rj DNA tio i r.ated. into an
i njection Qilﬂ(eet e %éﬁéei%ﬁjse@?g%illgﬁ%om?ﬁgl nal eggéﬁlon%lc énﬁd%o/?j%?rl{g%%ér 1lized
egg usi Ng andi<:y,ORRAl prbas®); Beckemnidact waad BpENakitshOgeXr The &edtthézed

egg receiving the injection was transplanted to a pseudopregnant, fenal e
nouse, and 1tla@ [FoUSESRAE Yr @Qﬁéél.srdmflﬁer%%}ﬁ%t%bf}éﬁ‘f%ébﬂ "E‘)ﬁﬁ‘ 0o P¥ct ed

from the  aidrbidly 13bcpsanednnigeophen Doy carheshaek: ol d. The

acquire to PCR using a 35 priner set having the
sequences HtHEGAGHGEGEGEGET TAATCCEET g8’ 261 SERY 8D NGHOM afapontaneous

5' - AGACTGCCT.CCTCCTT.CCCGTAAGTACAA-8' (SEQ I D. NO and 27 tyansgenic mce
were acqui rede %@@P apOEy g I181§n6§p’|n§§§€% " an Tg%uhsf)krrlemaanﬁé"i'l yezclgsarldf' human

GPR40 gene pndrf ARsGRet Wbd€ 10, pagéhgsagquosed, humem K&PREgene
transgenic mce, at 8 week-old or after, were mated with C57BL/6J strain
nmce to obt@ishihashi Brortamdng vhi EAinr ahBYeRt ¢/ nbtse IPdiRAIRIAES wer e

SeleCte%obﬁjkhﬁ,s%gﬁﬁP%B %%b@%d(§§e5§§HE£§ 3:AFOéte§fh, Proc. Natl. Acad.

Sci. USA, vol. 89, page 4471, 1992), human apo A/human apoB
double Tg mouse (Callow M.J. et al., Proc. Natl. Acad. Sci. USA,
vol. 91, page 2130, 1994) and the like as hyperlipemia or
arteriosclerosis models, SPC2 KO mice (Furuta M. et al., Proc.

25 Natl. Acad. Sci. USA, vol. 94, page 6646, 1997) and the like as
hypoglycemia models, ob/ob mice (Herberg L. and Coleman D.L.,
Metabolism, vol. 26, page 59, 1977), KK mouse (Nakamura M. and
Yamada K., Diabetologia, vol. 3, page 212, page 1967), FLS
mouse (Soga M. et al., Lab. Anim. Sci., vol. 49, page 269,

30 1999) as a fatty liver model, CD55/CD59 double-Tg mice (Cowan
P.J. et al., Xenotransplantation, vol. 5, pages 184-90, 1998)
and the like as ischemic heart disease models, interleukin 1 Tg
mice (Groves R.W. et al., Proc. Natl. Acad. Sci. USA, vol. 92,
page 11874, 1995) and the like as dermatitis models, mice

35 incorporating a mutant amyloid precursor protein gene and the
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/0 transgeni c nouse pup, total RNA was extracted fromthe pancreas at 8
week-ol d using | SOGEN (manufactured by N ppon Gene) according to the
attached praotocol . m crpgram of the t ai ned _t I S | with
a random prh a&né%ﬁﬁé?%ﬁ?gp lﬁefasree\%)rd(s?%st’rg)ﬁggr g% i éﬁ%;\?%ﬂfﬂgg oy
(manuf act urgghiRy) 159! AYEET @oeadel Q1.SWH Rasi,z@EMBO i, stvodt r and pNA, 3857 er

et hanol precipitation, the precipitated cDNA was dissolved in,40 Rl of TE
O this soll®%ldnandnthpi 4ike % FIIW JURPHBHE 19988 Sng SEFTRNACHRR ' ased as

the tenpl ate for Ta .apal ysis. ' a pry f Egiwafdgprhges
(5" - oo T AP R PR s T B o8 N8 By e aa ety Lo P bAE
(5' - GAGGEAGAACACGTAGCANE' thSED kD A diiadadndliFAvdeabaiode 1FaghBa Kei miee

probe (5 - TCTGCCCTTGGCCAT GCCT-3! ; SEOQ I.D NQétl) for degeg?'&onl%sghe
human GPR40X§ERe C - FagMiRI&AULSTEI YT 54 77605889 of P iar &

manuf act ur ed Py HAPRL k2B 9S¥SE Bl caSIRRITOr MBthe 2 TgThe 80N REBYGCNL Vet
used to cal cul ate copy nunber was generated from CT val ues det erm ned usi ng

known concerit.,aBireastofanchunBes Gt c DI f rdfgndgscofri $PA§) t Red the
anplified region in full lLengih ai [ Qgar] A g ;pahat 8ofHeRLAE6
copi es per ]\R%Iel atsogfﬁfsgoﬁi—ﬂégéﬁeég%\ee ﬁt’. ag‘bosﬂ‘?(;ellexpr es/tsi on c%% the hunan GPR40
gene in ;phenipRNqspaslinanedchest sai N of Inmurerl .GPRAQ .gdréd ,t pagsg@nid, ni ce at
8 week-old is shown in FIG 1B. In nearly all t strai ns exam ned, the
expr essi on 1908 henRuiks E&PRE02§ePRAMRR oYt \}@f{e Thre 47M strain and 81M

strain exhibiteds ie%QeF‘d%g%%%%&@ei§W&%lx§iﬁ<j1aé‘c@13%&ié1&@Jdiitﬁcafti@héai ns

i ncludi ng the 14M strain, strain, and 61 23F strain. For the

above- descrareegufrichessbiai fisonf feoansgem e mitde Jagkson R@bDIRCSrYaPh, 4111
strain, 4711 strain rain

.. 8111 st and. 23F strain, i anal.vzed
by Sout her iy P ESacitah 552 ﬁe@??ifcj Fty.°5 S o%%ﬂ?%%gggﬁgagggx% th
EcoRl and Boldeh1 andwh Q¥Unaoabasei getieh ecddlopdios@si s was performed, after
which the DNA was transferred to a nylon filter. This filter was hybridi zed

with a prodd®08f/la DNA fragnment containing the human GPR40 gene, previously

| abel ed using a D) | abeli ¢ j maouf actyr.ed by, Ko
D agnosti cs), ovellrhr% g%:t%,ho\%agkegg%%mb%%é%(% h ZXS%%IHC(K). 1% SDS gé%reoom

t enper at ur gqoddTd dahansashad pwodecai tie OsdwSSG; DinbhB8DIEdidE0n Fer a
detection, a DI G fluorescence dﬁt ection kit é‘glan,gf actured 3%& Ro het "

Di agnost i c$Spaseud@d Whasha GFBEM| FCt AR Bhotit9 B 8- kBp band WHY Suemtt 8§ 15
from thege 1ig e 1$NaldS ¢ nEOBELEBRAT hikent 1oF OSHCEROKOIKES R iMATRD (CRRED
gene. It was also found that strains having the transgene integrated _into

t he chronpsomseait Hinglencépy nanbet mr@i@%gaqlwl Linhied; SremmEasaiincdnge

8111 strain, .and strains havi.ng the_transge it e i At

chromosome @t Foledosy f@“‘ﬁﬁﬁﬁg?%ﬁ?ésgﬁzgz s?‘? a%]ﬂg%g (Elf;lt%ets (refzﬁsr?.ntThere
was a generiglvee@ilcsl atd @heb&bOeENahh@al estll tise f presduet atmumitt iafn tdrel kuman
GPR40 gene expressed and the results for the co g/ nunber integrated.into

t he chr onoSwfEhuEsng MRER le@fr 58 6ﬁm§t?ﬁ?ﬁ}e§h}g %79 ST & HE&dn, as

a Stand%gdgﬁ%ﬁ!%@%fﬁldﬂf?%%@‘thgg produce the same or similar condition
as a disease in which GPR40 activity regulation is involved;
(2) a method comprising introducing a DNA that encodes
exogenous GPR40 into an early embryo or ES cell of a non-human
mammal having one or more other gene modifications that produce

30 the same or similar condition as a disease in which GPR40

activity regulation is involved, by the above-described method,
to obtain a Tg animal (a method comprising treating an early
embryo or ES cell of a non-human mammal having one or more
other gene modifications that produce the same or similar

35 condition as a disease in which GPR40 activity regulation is
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25 23F strain was chosen, and the subsequent anal ysis was perforned. The
above-descri bed mce were propagat ed and mai nt ai ned by mating with m ce of
the C57BL/6J strain. [0100] | e Expressi on of GPR40 gene in

i slets of L%H@@r"f?@n?yofth?oaﬁ@ﬁﬁnd@ﬁ%b%@dée’f?%ﬁinsg@uJd“arﬁtdé’ate the giarting

at 8 Week-%gg édéﬁrb%g%rf' %nmeﬁeogénwe éﬁéos(géﬁé e Qb 23 S ik kprer e fed
wth a | owfat et (D124SOB 10 kcal % f manuf actured by Research Diets,

Inc.) or a dnigellat @Het @@IM@ZCOﬁDrkeaﬂl% ilatroqhwnﬁqaanﬁr@t b rRe S&Edech

Diets, Inc.) 35 fo eat 16 week-ol d .had the odenal
RPNV %ano%fﬁc?aﬁéoesm%ﬁgbpr 8 e HERs o SR A patidenal
col | agengse:gliticn a(srrenwflaetaeéednbyhy\akoc;?me ﬁﬂtﬁﬂm} )ret_vfiﬁlatrijceﬁtleﬂ into

t he nouse pancreas. The pancreas receiving the injection was_excised,
pl aced in alrt‘{ﬂiéf%d{%%laﬁge?ﬁ&saﬁ%rsoc%ﬂ%@e‘ﬁ%% blat PeR - NERE"sRakBALat

37C for an@@%@eﬁ(ﬁ%%%x fl@gdégl%' kbOn 4@ d@%fﬂé;ltmem%dvef_or 30

seconds, er solutron Bal anced t Sol ution
conpri sing dbﬂfﬁa%dﬂﬂMhoaindaZﬁeﬂNb&lE@E@)rmsmdl mtrngodkﬁ%@&nﬂasnaddﬂﬁh to
make a total volune of 20 nl. The s}%m&l on was JQ transferred t.o a Petri

di sh, and v%i‘é}?e%l ISR SRR cAtdORe B BArFer SR tATOPT atfEr dthi ch

islets h"@{} S WeIrRIikeeavaLsed HskAgsa Phpehien unsteso aadliGrascopy, and
this vvas used as e test sanple. About 100 islets of Langerhans were

i sol at ed frmglela‘iﬂlqmdlanl@d’aﬂlve%m‘éol 8b| aasdy| ehler¥o o?r ahg@Harest ier e
honogeni zed i n ISOGEN u5| N9, 2 é%Aggugg 8§§ﬁggs @pg %@A %g@%
U9 " Pact 6 was ?u u

extract ed. Mt rac pur| si'ng an as’y
Mcro kit (wmmﬁa@w@dasc@hbeﬁl\%etaad f anal tryeDNa}se t Meabmenbrvasre
perfornmed to renove contam nating Not nmore than 1 Rg 20 of, total RNA
was treat edP®ieh LT Wﬁdlsftlﬂéﬁdoemhg*ﬁni’ﬁ@gilge kFRe (FRIFfIFHCt Trvd ady

Amer sham, Phat nmci g, Bi-of %Cbi)lséﬁsg' ERChRdchNcbREgo PEOE POty 1 RSt & a

cDNA, which was used as the tenplate for TagMan anal ysi's. For detection of
t he human G?R#ﬂlwereTagjmrevadabysmetmeupen@oarredxmmrgli heerpr igmer set

descri bed i |.e For d ectl on of the nouse R4 ene S on
demand (na at%s:eg;{) nzipﬁlelngd 85§§?gﬁ§?uﬁa%eﬂ§e%ndc?he |rb(£‘saoq%{'ph
18S ri bosongn HNAgene Helgehbasi abaroal ost andaf:getixh@ TSGR/ Fﬂ g0 i a tRNA
Control Reagents VIC Probe set (nmanufactured b plied Bi osystens) was

used. The v@ndQdrp I tdnapsausdd o5 €aR¥A) aﬁ‘éycéﬁylﬂﬁﬁ%@ﬂ%e@vas gener at ed

fromCT yval e i r f GDNA,
= mouse LrriTTEONAC B Y oA o e LRt Scadea mblsa 5L 1 bosore’ A
gene, conpreSiagvile e |nfdnedumeg| oamna 1f ubl obeagbha Te Ot KOV KRUr

| ogarithm c poi nts from 106 copie er 35 well tq 103 copies, . per vwell
As shown i riRTEREL 2AFUERBeRTRER/ Yete THtT d Qﬁa‘sép GRSt he

i sol ated islgls o &Pé@@fﬂ@%%m%nbﬁﬁ Is@m&mert t8nagenbs gkce @iséa?é\é sif ai n and
23F strain, andthe amount expressed was higher in 47M and correlated with
t he expressﬂ@mﬁnGPR4O activity regulation is involved are achieved by
25 destroying an endogenous gene, a DNA that encodes exogenous
GPR40 may be designed to be targeted to the endogenous gene to
be destroyed, and introduced into an ES cell of a wild type
non-human mammal. In this case, the targeting vector used is
preferably the same as that exemplified with respect to the
30 above-described preparation of a KI animal, except that the
endogenous GPR40 gene is replaced with the endogenous gene to
be destroyed.
[0088]
If the Tg animal of the present invention or the KO/KD

35 animal of the present invention is crossed with a disease model

54



s level in the pancreas (see FIG lB). For both the 47M strain and 23F
strain, there was no significant difference in the expression |evel of
human GPR40 gene between the lowfat diet |oad group and the high-fat diet

g
| oad gr oup PAERVRRR Bapal B85t ke neeRT MRIG i ayd 3PSt P&i ROTFn OFBRRs of

the amount Qf, 1@ pRYSE e0dREEPRNS FRI-deNt edEsed ininene WagiiR9on
significant” difference between the control mce and the transgenic mce;

the expressisor ldéveksef inpubdclGPFARA @eret et hemgdul adtionhé ssamyollaedl, it
between the | owf.at,diet.lpad group and .the high-fat _diet |oad grou FI G
28) - The exii ESISREt BveP=b MRThAI e Gere SEd n For et §RTenEhF s
increased #thiines by tRes47My S redioz pdsk @b@iisa3haviings al DNRhehd3F strai n,
conpared with that of endogenous GPR40 gene_in nouse; the transgenic mce
prepar ed WEIEOSRSeEKEECTBURATBRAC physe B dFt at Tl WISUIFE dRCUSCAPEN2 [ 0101]

20 Exampl e b, GEnGakPapehLLes ADth BhucASS.dalehanes 1 88! ral ey GBRA0

gene transgenic m ce ransgenic mce of the 4/Mstrain an
strai n wer eviftéd reispecaé hor mathdgete$ CEOF, th2 Keal8dfatqduaren uflatctiurest dyy

Cl ea Japan). After ,each nouse, was i gh bl ood was drawn_fromthe 25
ocul ar f undi¥siGsi ﬁégzlﬁgﬁai’ nFoLy %’gp%ﬁ% a nﬁﬁﬁ?&BPHFeé@%ég’u urmond
Sci enti f;hc (Goupayydapand plasma was acquired via centrifugation. Regarding

pl asma conponents, glucose |evels were determ ned using Fuji Drychem
(manuf act url®®8% Fuji Film Medical), and insulin levels were deternined

usi ng a Morinaga Lnsul in_EL it J en-C Resear ch
Laboratory, Mori r?ggalrﬁ/l Eﬁkﬁnﬁguéffgﬁ%o?§% ?l%wnecqoq?&ogjl Eg%se%ot/o Derance
test was penfieanredfashdepeesbat beveontiGpataf ilcald yundesdaor onaf oer mole
start of fasting, blood was drawn fromthe ocul ar fundus of each nobuse

usi ng a hePA EPe#1S5tESRITEAEY, LRl RHP GRS IR P ISs PhéFekut e sanpl e.

Next, a;64 cchoXrgbHCase,sqal Ubhon YRS, RAM Nisial ehtaraldy Rlguh o8 i8S ikg of
body weight; 7.5 mnutes, 15 mnutes, 30 mnutes, 60 mnutées, and 120

m nut es af tiewotllvedadnY i sem-ageroi; 1 b towd twes: tdr aganfr entrhatoentarh&tindus
using a heparinized capillary, and these were 5 used as.t.he_.sanples for the
respective dt%ler?e nﬁ%l ng.gu‘fﬁegeggréﬁp]f‘%glﬁb?%\@ Eht fS’cugeedg ERY e|Cstolnzr§t%e 2&ma
conponent s magi 19! UcesEo Bl dNHildi dreehdenter e neeagyl, eBuasadesabibed
above. At 16 week-old, for both the 4714 strain and 23F strain, in

terns of bddyikeidghe, vandestaenfeHtRndrE@stse dherld wakigigry stress

20 loads such as high-fat diet load, sugar load, and fasting,
external stress loads such as UV, active oxygen, fever, and
blood vessel ligation/reperfusion and the like.

[0090]
The pathologic condition model animal obtained by

25 subjecting the Tg animal of the present invention or the KO/KD
animal of the present invention to another gene modification or
non-genetic treatment as described above can be used to screen
for a substance having a prophylactic/therapeutic effect on a
disease accompanied by the same or similar pathologic condition

30 as the pathologic condition manifested by the animal.
Specifically, by applying a test substance to the pathologic
condition model animal or a portion of the living body thereof,
and determining the amelioration of the pathologic condition, a
prophylactic/therapeutic substance for a disease accompanied by

35 the same or similar pathologic condition as the pathologic
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| a difference anong the respective control mce (Table 1). Fasting plasm
gl ucose levels tended to be lower in the transgenic mce (Table 1). A
gl ucose tol erance test was perfoLmed on mce of the 4714 strain at 16
week- ol d amdnnﬁ¢eoufcaheb23§e$®¢e¢® at 18 week-old; the plasma gl ucose

e e e cont BhechfERs KanBaeEs Ll £ S MHndh bl o Ll A0 23R Thbel 1

than in the con eriga s 1'n inle I'gher in

the transgengtdnge obEkGred) 1nTIh§§£bd5_"e:B¢l| dyindaraenet, hdeghtextaopdlegwdtihattien t he
transgenic mce, the glucose tolerance inproved wi_th enhancenment of insulin

secret i on. MEIitHGe SNAPLAP FestPERNGRr I VM EP TGN Mt &i¥ns of
T T R i e A
.0,..0 -.LDL-C-emia, hypo-HDL-C-emia and the like.
[0091]

Specifically, in the screening method, a test substance
is administered to the above-described pathologic condition

10 model animal. Useful test substances include, in addition to
commonly known synthetic compounds, peptides, proteins, DNA
libraries and the like, for example, tissue extracts, cell
culture supernatants and the like of mammals (for example, mice,
rats, pigs, bovines, sheep, monkeys, humans and the like).

15 If a significant amelioration of the pathologic condition
is observed compared with animals not receiving the test
substance, the test substance can be selected as a substance
having a prophylactic/therapeutic activity for diseases
accompanied by the pathologic condition.

20 [0082]

The prophylactic/therapeutic drug for disease selected by
the screening method can be prepared as a pharmaceutical
preparation in the same manner as with the above-described
GPR40 agonist, and can be administered orally or parenterally

25 to mammals (for example, human, rats, mice, guinea pigs,
rabbits, sheep, pigs, bovines, horses, cats, dogs, monkeys and
the like).

[0093]

The dose of the prophylactic/therapeutic drug varies

30 depending on the target disease, subject of administration,
route of administration and the like; for example, in the case
of oral administration for treatment of diabetes mellitus, the
usual dosage for an adult (weighing 60 kg) is about 0.1 mg to
about 100 mg, preferably about 1.0 to about 50 mg, more

35 preferably about 1.0 to about 20 mg, per day. In the case of
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parenteral administration, the dose of the
prophylactic/therapeutic drug varies depending on the subject
of administration, target disease and the like; for example, in
the case of administration as an injection to an adult

5 (weighing 60 kg) for treatment of diabetes mellitus, 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, an amount
converted per 60 kg of body weight can be administered.

10 [0094]

The sequence identification numbers in the sequence
listing for the present invention show the following sequences:

[SEQ ID NO:1] Shows the base seguence of the DNA that
encodes human GPR40 (CDS).

15 {SEQ ID NO:2] Shows the amino acid sequence of human
GPR40.

[0095]
In the present description, the abbreviations used to
denote bases, amino acids and the like are based on

20 abbreviations in accordance with the IUPAC-IUB Commission on
Biochemical Nomenclature or on common abbreviations in the art.
Some examples are given below.

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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UEDTA: Ethylenediaminetetraacetic acid

SDS:
Gly:
Ala:
Val:
Leu:
Ile:
Ser:
Thr:
Cys:
Met:
Glu:
Asp:
Lys:
vArg:
His:
Phe:
Tyr:
Trp:
Pro:
Asn:

Gln:

Sodium dodecyl sulfate
Glycine
Alanine
Valine
Leucine
Isoleucine
Serine
Threonine
Cysteine
Methionine
Glutamic acid
Aspartic acid
Lysine
Arginine
Histidine
Phenylalanine
Tyrosine
Tryptophan
Proline
Asparagine

Glutamine

pGlu: Pyroglutamic acid

Me: Methyl group

Et: Ethyl group

Bu: Butyl group

Ph: Phenyl group

TC: Thiazolidine-4 (R)-carboxamide group
Examples

[0096]

The present invention is hereinafter described in more

detail by means of the following Examples, which, however, are

not

to be construed as limiting the scope of the invention.

[0097]

Example 1 Construction of expression vector for preparing human
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[0103] 5 Exanple 6 G ucose tol erance test of human GPR40 gene transgenic
m ce under fatty diet |oads To exam ne the effects under high-fat
di et conditjon trans%enic m ce of the 47Mstrain mce were fed with a

lowfat di GERDLIFEGBIT2HSKERG FAES manufactured by Research Diets, 10

Inc.), a high-fatdi ﬁ&gﬁ@?tékﬁié@s den Kol d apRdBLl45L, iampdbkagbysed by
Research Diets, Inc.), and a high-fat diet containing 60 kcal % fat (D12492,
manuf act ur @gngyreRsseadhehrbrensd pTHkI 4 fGRRA0 neigke Mucomts nge gkeo hamaaf t er

whi ch a g|l§.‘%§] t r 5 erfor med t j.ce at, 17 ek- ol d.
As shown in é g%,h%t %gl%gfléggée@?%lgr aé\rcl:ter%r%sgaoncn $gﬁerq‘]ﬁoglé \%Dr@g\r% N he
45 kcal % f athehinghrskati ndiu@tinl 0adpgoasipe BN dvd 1 epeBl &t als¥deaic rhibgh- bat ofi. et
| oad group conpared wWith thetowfat diet |oad group; effects of the

hi gh-fat diet werf&BvRdBRESCCBRAPEF fgP he it FHTtURsSk PanFLONE ECHans geni ¢

mce of theAMM st bakiRert BEmBLYSPSE HONET ANCEPIMIYRNIGEN; ¢ IGe s%%sb%t er
than that of the control mce, in all the lowfat diet |oad 10 group,
kcal % f at HihghSf aendi éhelroadl ¢pbbup, and 60 kcal % fat high-fat diet |oad

m ce and AT PRRTET R R R P A R o R poaBp Blp. At
the samgot iN@R3)i,Nal peiheR s6MpritVAgYa SAET eradrSr A iGN itdl GHhererces/ S5
bet ween the control mce and the transgenic mce. These results are thought

to show t h&nd fhereofr 4RSgeRFEAFRER TAMNL K GRAHT AR E AR IPEE AR h

enhancerent o SERedlt NoZaf cehdron i iinet At (Marlpler 028 900 epey

these 20 r es® wasweeerbamed andéhetKPRIGh@ettons of 94°C 2 min — (94°C
15sec = 68°C 45sec) x25 cycles, and a fragment comprising a

15 mouse insulin II promoter was subcloned into pCR4-TOPO Blunt
(manufactured by Invitrogen). Likewise, from a human genomic
DNA (manufactured by CLONTECH), using a primer comprising an
SalIl restriction site at the 5’ end thereof (5’-
ATTATTGTCGACCACCATGGACCTGCCCCCGCAGCTCTCCTTCGGCCTCTATGTGG-3 ;

20 SEQ ID NO:5), a primer having the sequence 5’ -
TATGCACGCAAACACAAACTCTAT-3" (SEQ ID NO:6), and KOD polymerase
(manufactured by Toyobo), PCR was performed under the
conditions of 94°C 2 min — (94°C 15sec — 68°C 3min) x25 cycles,
a DNA fragment comprising a human GPR40 gene coding region and

25 3’ untranslated region was subcloned into pCR4-TOPO Blunt
(manufactured by Invitrogen).

The plasmid into which the mouse insulin II promoter had
been subcloned was double digested with HindIII and SalI, the
obtained 673-bp mouse insulin II promoter fragment was

30 introduced at HindIII and Sall sites of pCAN618 (described in
WO 00/14226). Next, a 2256-bp DNA fragment obtained by double
digestion with Sall and Spel from the plasmid into which the
human GPR40 gene coding region and 3’ untranslated region had
been subcloned was inserted at the site resulting from double

35 digestion of this plasmid with Sall and Spel, to yield the
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[0104] Exanple 7 Insulin secretion fromisolated islets of Langer hans
derived from human GPR40 gene transgenic m ce upon glucose stinulation

25| | i ti f i sol ated isl et f. jved, f
Cransgent c B SR S f PAFRSI T BUBORLE T Bl LLAue {1 (P v

exam ned. |sdetrolofoflangembans weksalisolat pdofissr M aaikedaw thraonaraal
diet at 10 to 13 week-old by the nethod described in Exanple 4. After
cul tivati ontiihP &F G RPN 2640 LieBHOM tAaAbTath utlel byarnshianmasgen)

cont ai ni ng . 0Se, ;1 % FBS .for .16 .hours, .the islets
of Langer ha%ﬂm%lghg‘é] t%g)rléd Dg%zgﬁrggggazagﬁgg(r{' b:%?l&rsbgﬁé émbufafsepefafw 1\
Nadl , 4.7 mdp<0ited vhderMakE2PEdpn1ntfbai MEBSOBIHID 625 tmdaHCO3, 2. 52

mM CaCl2, 24 .nM HEPES, .0.2% BSA) containjng 1.35 mM gl ucose and 0.2% BSA
for 30 m nUCEE KT AehE AT uNF RS 6% PPRRT HEoEy wi'tH Tk e g6 highe of
bi car bonat exdiwfd®id aemiuaitRing 8civhebUSASETOENAS] 6B HULASHeihd g i sl ets
of Langerhans were cultured for 1 hour. In the case of an experinent with

the additi &?P®*- palnitic acid, palnitic acid was added to a Krebs 5 Ringer
bi car bonat e buf f c i_ni tain cancent rat.i on of
0.5 mv and isl et%gleo%%kg]ﬁgg?%g%%b\%glrgkgﬁﬁg{%%%r‘%ls AP E e Seed

cul ti vatbomwittthetledl, t ®paIsupadnapani wiscasshayel ftorwdanidbjedqenrt e usi ng
a Morinaga insulin ELISA kit &manuf actured by Biochem cal_ Research

Labor at or y, ST ORELTRSIR PPoLPHATEL FyEoP 01t (g2 r Marifi | @angtfagitured
cul tivati oy itgli@l$ @ﬁ'lulz%ryg‘l\aﬂégégﬁl 985 8-0h SHRR £Fh AeSON L0 43 Ng,2

soni cator (nmanufactured by nstrunents Trading Inc.), the anount of
DNA was detTdyeniDiéd fursiomgna @aanpurIThe®i vogneaiudse @NRAsEmnKidctured by

(manuf actured b | ecul ar Probes), apd.the amount of i.s .insulin secreted
was correct‘%1 .ary C’J\é%e%lclsﬁ’th’ eﬁﬁ%&n? @‘gAi EE‘EIW%”E&?"&%@%W thé' P& ence of
3 M gl yeoSFPRATO il expressWas ahserwad hegweesdt hergontxyol mce and the

47M strain (FIG. 5A). In contrast, in the presence of 16 nM gl ucose, the
amount of i 8ln secreted was higher in the 20 47M strain than in the

control '“<E%AHﬂﬂ§ 25@kep59akﬁgn of human GPR40 gene transgenic mice

Preparation of transgenic mice by microinjection was
performed in accordance with the method of Hogan et al.

20 (Manipulating the mouse embryo, Cold Spring Harbor Laboratory
Press, 1994). The DNA fragment comprising a human GPR40 gene
expression unit, prepared in Example 1, was adjusted to obtain
concentrations of 1 to 3.3 pg/ml in 1/10 TE solution (1 mM
Tris-HC1l, 0.1 mM EDTA, pH 8.0). A fertilized egg derived from

25 the C57BL/6J strain was placed in a drop of M2 medium covered
with mineral oil, and aspirated and immobilized using a holding
pipette, and the above-described DNA solution was aspirated
into an injection pipette, and injected into the male
pronucleus of the fertilized egg using a micromanipulator

30 (manufactured by Narishige). The fertilized egg receiving the
injection was transplanted to a pseudopregnant female mouse,
and the mouse was reared. Of the pups obtained, DNA were
collected from the tails of 154 weaned mice when they reached 4
week-old. The acquired DNA were subjected to PCR using a

35 primer set having the sequences 5'-GGAGTGTGGTGCTTAATCCGCTGGT-3'
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experinment wth the addition of palmtic acid, one of GPR40 Iigand, t he
anmount of insulin secreted increased about 1 5 tinmes in the palmtic acid
added group of control_ mce, conpare no-addi ti on Jroup and the

“amount of i AR i 4P 2 i MePess &d ’%@&T%CFF%@CTW@%TZ%}?‘% T mMYE 1D

compar ed Wi 41e d1Rs a0l ia0R8hAUPnE ELGyeDB) aciprbd hese results, It was
found that the anount of insul’in secreted upon stinulation with h| gh

concentrati b@ﬂ%ﬂhcose inislets of Langerhans derived from t he transgenic

m ce was hlﬁ%?er Efﬁ of. the _contraol mce 30 an t hat g%

responsi vi | Rjoe palfiieS >add avvgsgﬁ gh&r *EARASthat o}furflah dontd 5119 ce.

It is sug;geeﬁ;g@sgé}aitc b(g_tdé may be attributed to the high expression of the
GPR40 gene. [0105 npl e 8 Acqui sition of honol ogous reconbi nant ES
cells for 35 pre ﬁcmlefe@nz;e gERBAlePPBPchfaRFERN B8 Mice, at thevasPR40

gene targetifg yeciare Sw%sfgd‘?n%‘ir PR chn cByafpk e %&Lré’{n Hﬁ‘i@é‘ttgo%‘é‘éei’}{ 3.

Escherichia coli transfornmed wth the vector erichia coli
DH5a/ pGT- GRiRbs , ffasommmtep}d)ethecltrandgenaccmeesenlnndmhedua?ERM@Fe 8259 at

the 5 Internati onal Patent O itary, |o al nstit eof
Advanced | LIS B S S 2Hihd PR ARGy 261 HEETDLE crbert oF1 ©

Twenty mcrogdpdeic it PRAD, 0@k allaRaat vag gg@i@étedﬂlﬂﬁaﬁlg@@ ;vaﬁékeas
restriction enzyme Notl, was introduced into ES /0 cells (AB2. 2 pri e,

manuf act ur et by vLeeedncdr@ usingl dSOGENor(aanviactroad appiyirpren se¢ret ed 384

ver o sol eot S B PR LTl FEATTYS BEFRg o mar bt Aan i 4. e o

CAGCCAGT CCCHHM@EJ’ TAaY RNBERalsDtNeat2l, watkequeanseomi phimet h@ndS Neor in
the targeting vector, #2: 5'- GCAGGTCCGAAATGGTCAGGTTTAGCA 3" (SEQ
NO 13), a s%‘éﬁ%’?ﬁf‘e“d?ﬁ dildeasess tapRSeriPhéORafREYMRg %%%@?tw Lw Taq

pol ymer req, Takarg Shu P or t 94 rl
mn -* ( 8CIF ]csﬂmféﬁa?oc %}ﬂ’rﬁ n 30?&% %%sgy%lgggﬁfa ggﬁ‘&? gggeﬁ] nt%glgp

resul t, froprecioisidtivm,cltoreprand pi2aftaksedpaswasveissohesd ine4o mltdﬁ al
of 19 clone a ut 5.1-kbp band was obt ai Qut _of the ones

i ncl udi ng t %fggtlisvéoiflgngg’ Q\Br% agarP € %?%ae% \ﬁéﬁr{ﬁ] Zt%né] Isame
condi ti ons;oseMeN wdHPNBfed iast theNeSmpdaite2$br @é@)’la325na§§7§1s 23 Uhhg and
391, were positive. Next, to examne for the presence or absence of

homol ogous PRI $RiE | Farvere GrRIG rgdRd -C6EGSCTEoREREFRTEThA | di SBR i Bh
was perfor igd. 29 Sfﬁlgéx;éxcsaé I;r%hfn‘@rt hsa —%A%G%R%CééﬁbG%ﬁe&k ki agspat 1hed G 0) ,

present outsi
and FAM-labeled TagMan primer probe (5'-

TCTGCCCTTGGCCATCACAGCCT-3'; SEQ ID NO:11) for detection of the
human GPR40 gene, TagMan analysis (TagMan 7700 and 7700SDS
software, manufactured by Applied Biosystems) was performed.

25 The working curve used to calculate copy number was generated
from Cr values determined using known concentrations of a human
GPR40 cDNA fragment comprising the amplified region in full
length to obtain six logarithmic points from 10° copies per
well to 10! copies per well.

30 The expression of the human GPR40 gene in the pancreas
in each strain of human GPR40 gene transgenic mice at 8 week-
old is shown in FIG. 1B. In nearly all the strains examined,
the expression of the human GPR40 gene was observed. The 47M
strain and 81M strain exhibited higher expression levels than a

35 plurality of strains including the 14M strain, 41M strain, and
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30 targeting vector as the probe, the DNA of the ES cell was digested with

EcoRlI, after which Southern hybridization was perfornmed. Thereby, a 9.7-Kbp
"band is obtained fromthe wild allele, and fromthe targeted allele a

4. 6-kbp barffi $t3Bt&i-ned. Wth a 0.9-kbp Sacl-BanH fragnent being present

outside the 5 3% ar myaf sbRG-LALEELIHIq VELEOr s@sa e Jr ahen e 1N ek the
ES 69 cell was digested wth Sad, after whi ch Southern hybridization was

per f or med. lTr@er,etwme a4y s2rKbhp, bahd ssrabrai ‘h"élﬁi $1rmmrt,h681M ISdtr@IllneI endand a

17.4-kbp b obtained fro e largete d a es |ncI udi ng
the 7 cl on%g3 i lf% gér’t’ogsgoﬁ%gnﬁqgew e ¥or oY ‘153%% ([%W

hybri di zat isgR Was Rankor sedq 5erthbepia §é§lecﬁééﬂec§%ﬂﬁ?ﬁrﬁ&&mb%h@' BRhian
was perfornmed as descri bed Cb;el ow. After 2 pg of DNA of each clone and npuse

genoni ¢ DNANferle 06i gesregewreh Eé@R’FrOEﬂl%ﬁb‘f)H@%sﬂ%rwefb ﬁértﬁér ﬁ’@éC@n
0. 4% TAE . f
a ' 2%8?)%%?‘311%@8]:% %5 ﬁ]&‘?dﬁﬂ: nyhaRs ﬂﬁgéel v

EcoRl - Sacl ragnent out SI arm was usi ng
[ a- 7322] d(B'&Br(ﬂtE%ﬁSZr,lthaaupaobereﬂ h)meuPﬁMdeayt acararedomgy ithe hetdaod

Mul tiprime Iabelln e 1 Y, nmanuf r Amer sham 15

bhar i & GROPCHE eand T S a0E hEBALEE FAETRrORELe OB i DRI oh Mds

per formgg i &aalu%@tm@eaabyonoeﬁéfgiaéﬁoéﬁé&@j @éﬂw{]}aﬁe»@gﬂe@ thilce 2, 7%
SDS, 1% BSA, 1nM EDTA) at "65C overnight. Fi nal | y, washing with 0.1xSSC,

0. 1% SDS ma@t@er%ﬁﬁed Of.dr Eoswhur@@mxt@np%r@tw alawt atdle@grv@mhmls tvdken

oA of " Gach roR it Cradsd ‘GERaNE. B wel - aRGOSEEHON (h L, and with

t he Sacl - Baitidlor@s2-<klop BNAef:tagﬂenitowhhandeacth@réd ksydﬁ)cﬁfdntﬁ,%qrﬁ%tﬂrc%be,
Sout hern hybridi zati on was perforned as described above. As a result, 25

both the 4“@Sl<b]§e§and}\6b%e¥%%‘dl%éﬁ‘ R o Jofs ke Srpich #eodRBE 166 80r I ed
in the 35 sdg 34O e&u% sand; ﬁ@e éznélm,@n&a@ﬁeom@wﬁkw Jpreng ogous

reconbi nation has occurred in t de armregion, were obtain from
si X cl ones humag. GPRA®. g8be .230t WY aBﬁCS @373 tdrad, safagnshbs@rlsgxtbéones

becanme 30 haonol ogous conbi ngnt date strains. wever, si nce t he
o Rbp bard Ao BE G008 TREBoNR oF BRELS SR ot Shfelh e Pumtind:

anal yzed. were thelQ48PREir&AN haymt Berhahgghd Ng1Mest 841 MRsarOtstisierd ed
into a position other than the honol ogous reconbi nati on region 35 on the

chr onosone hagringott heafdepsgenas éﬂ?@@rﬁﬁﬁé LREC hBRD | SYERIROS e Gibi rpat icoPY
site, ang %nu?rﬁ)lelrk%erteh%hge% agg ét ghaussd Lo -ihe Sayther Qa@y? bgwégg%on

analysis o regi on OUtSI Idé armwas reprobed
Sout hern h;dmrm@la&hm@nbms:epﬁr tberredswltb fbe 4h&o- akrqurBarmﬂ -tHeo Runfaragnent

5 correspondln to the Neor region in the targeting vector as the probe. If
accur at el y & %C@Weofexpﬁésﬁﬁﬁo?ﬁaoﬁgerEEBH@F% %?rl‘é N WY ™S 17. 4- kbp

band wi Il Q@nﬂ%&%%%%dlnEB Nae €Afom348meands3d4ne Qn@§pré§§ﬂdﬁfgﬂﬂéﬁdﬁ
bands were obséerved; therefore, the targetl ng vector was likely to be
i nsert ed oﬁh@hé7@eﬁ¢melbywas chosen, as a standard expression system, the
25 23F strain was chosen, and the subsequent analysis was
performed. The above-described mice were propagated and
maintained by mating with mice of the C57BL/6J strain.
[0100]
Example 4 Expression of GPR40 gene in islets of Langerhans of
30 human GPR40 gene transgenic mice
Starting at 8 week-old, transgenic mice of the 47M strain
and 23F strain were fed with a low-fat diet (D12450B, 10 kcal$
fat, manufactured by Research Diets, Inc.) or a high-fat diet

(D12492, 60 kcal®% fat, manufactured by Research Diets, Inc.)

35 for 8 weeks. Each mouse at 16 week-old had the duodenal side
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10 non-honol ogous reconbi nation in these clones. Regarding No. 85 cl one;
only one band was obt ai ned, but because the band was denser than that of
any ot her t g h e Jn;g

tandemy in e%‘?c d 5 (J)C%t%hg:%ﬁ}“grgll %Dg%s&?cg%o%l najf%ngena/r (e%n?{)n |lnq}gr4?§ cl one.
Finally, tv&lﬂ&g@r@m@s slon @i whi Qhaﬁnfycsuﬂ@diebsimalkckb@naMama&adbt alared,
i.e., Nos. 231 and 325, were identified as honpol ogous reconbi nants. [0106]

Exanpl e 9 Prejsartadt 3RO tEPRAGU§ENBARGHD? Hef i 'Cice MR EEESangCeL BLBYsFBR of

GPR40 gene ;i rg,ef&% defisCieqll sBlcep20F88 NOMD! Gk Sc& eI RANhES A6R] |
strain No. 231 was injected into a bl astocyst derived froma nouse of the

O057EL/ 6J sstadilrageHaesel rsjoéuttednbl astioslyskelwaatt?b?a‘ﬁs;ﬂoamﬁ@dmuoulthe ovi duct of

a pseudopr egnant Mou: Lmera_mce were I

showi ng a %th qr‘\ler?eié/ SOlPElgn ES° 05" f?usgﬁt I‘I)g (fl on'\éaﬁgotergl S5 or
nmore were rmcidech tgmemt@n@ bﬂ@fsﬁ-sehht_deﬁi Viesn 13 Cea 1 aviet e [Ba 1gergdlivid on
transm ssion was confirnmed. Genom c DNA was purified fromthe tails of

t hese m ce,COMRY igdmst YpiORg *wa¥agertf 6?%35@“#@%) nePH e e 0% FBhd #2
descri bed i,n, Sl £ nfaﬁqemastafegmdvgb%?‘l@f'@@“a{i duahs 301V858n was

het er o- def| cilent mce. Next, genotyping of the pups obtained by mating the
het er o- def |tmaeTermr©ei was ap@etaingdshs dedcwabedd bekbve WAttth DNA prepar ed
fromthet thet | at e S|ngt rimer, #1 p r #2.descri bed
i n Exanpl e @& o rhttator SEREE COREFR | bHEoE "o AR g TS 080

| Gsec -~ 7%&3’“1@0@@@?{% %23 ngYy &l §§peft52§}1éé’rnéﬂn1&§b§dop§baﬂﬂﬁj af s was

detected in sanples fromw |ld mce, whereas an about 5.1-kbp band is
det ect ed i mssghpised ey Emshiesenplaef iAbart FAGd Hntshofoleagechans neee.

Li kew se, usj r# GCCCGICTCA-3' (SEQ ID NG 14), a
sequence |nstqrr11%t1%ac@ %ﬁc%r%t %Bn o] € nmouse GPR40 gene) and prinmer #4
(5 - AAG@TTCGATG@’B@A@@G(‘L@GEGA13le(:SEQfI Dah@ex’tﬁz)ns awses Uesosganitzsidlet he 3'
side armof_the targeting vector), performed under the conditjons

of 94C 1 milSQGEN geEndose: F6CIBRER g@@@&)%x%@dc%%% RNA 7475 #XtRafrt

bands are qgi.8ct eqd RJi9 3qup) @ﬁmf vag !@eg’ehgﬁfbﬁtfﬂem &5 ndNEY g8 AN, about
5.4-kbp band is detected in sanples fromw | d mce and hetero-deficieént

m ce. The Wiadarikieg, (metrerfecdefriedi byt OARGEN) andnﬁofn;n@ibl}’ chNarge nti 1o e

acquired as described above. Thereafter, .these e nai ntai ned_and
pr opagat ed "6 RS g G- Cd SETEN &nFoﬁFé’anﬁEﬂwgb’gﬁe% MG Sl Pner 89
nai nt ai ned Md dqH-0pagat ed sby redteagdwithdanFeestt sesendi €BNARS enisugpl 4 e o or

t he experinents. )
(manufactured by Amersham Pharmacia Biotech) as directed in the
protocol to synthesize a cDNA, which was used as the template
for TagMan analysis. For detection of the human GPR40 gene,
TagMan analysis was performed using the primer set described in

25 Example 3. For detection of the mouse GPR40 gene, Assay on
demand (manufactured by Applied Biosystems) was used; for
detection of the 18S ribosome RNA gene being the internal
standard, the Tagman Ribosomal RNA Control Reagents VIC Probe
set (manufactured by Applied Biosystems) was used. The working

30 curve used to calculate copy numbers was generated from Cp
values determined using known concentrations of a human GPR40
cDNA, a mouse GPR40 cDNA, or a DNA fragment that encodes mouse
185 ribosome RNA gene, comprising the amplified region in full
length, to obtain four logarithmic points from 10® copies per

35 well to 10° copies per well.
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For the GPR40 gene hono-deficient mce, GR40 gene hetero-deficient mce,
and control mce, total RNA was extracted fromthe pancreas at 8 week-old

usi ng | SOGEN, as 20 _directed_in t t.t ached pr ol . One_m crogram of the
total RNA obtainé \ﬁ/glgwflr sat g%&'w %%’ ?ta}h%gnrhmbarrfW%Rglcoaﬁ&n@ﬁ@}tégﬁlg?gl fas
reverse trangasgedonneniy Mesasatked etd bk d ot Mexrajdrached opngt aeokhto
synthesize a first strand cDNA; after ethanol_ precipitation, the

preci pi t at eFEBRENMEsTAFEsef vadM | ftuphn Pt 2 FETan,t RRE §HPURMEHNtan

al i quot of LINAsedui yakent oh9r 25, ngyef M&ma%%dawthethgﬁek@&sswgn
TagMan anal ysis. For det ec?l on of the nouse GPR40 gene, a primer set o
forward prilemel( 3n- TIECOOCTESSETIIGC-BIG. SH) | DFNO. b6¥h theeetde priaven

(5' - GCTGGGAGT. GIT -3'; SEQ ID NO.17).,. .and .a FAM | abel ed 30, TaghMan
bri mor  probE( 8 CEATOUA PR EACRI Gt S S MG KB16Y SRaS d8ebnf or
detecti on @ixgrkesaehi NegeDeof anPrAMeEPIEl ind HadedrPHhEEN ow-fat diet
(5" - CGTGAAAAGATGACCCAGATCA-3'; SEQ I D NO 19), reverse primer

(5' - CACAGCEPecABoearAEEt- Bhe Iight ROl | 1oatl raumv | Meeewh ThgMakopri ner
brobe (5' - IGAGACFITEAMCACOORMCATS 35, 3,4 SEQ IRNQ 2D) 1S sl Th

wor ki ng curve us cal cul ate copy numbers was generate rom
val ues det enomiseedndsiygagoksoBPR L0 Npend reatporsseaf, ahwus #a@PR40 sggneficant

containing g plasmd conprising the anplified region in full | ength, or
a syntheti & rFP&@ngg’tAW%%? ng"a %‘g‘ﬂ‘tli’%]n HC] FEGridse tEersHeE 1geRdce’

(manuf act urggd QXE§E§@@b§EDQ§¥§,o§'mouse GPR40 gene was nearly at the same
CCAAGCGTGAAAAGATGACCCAGATCATGTTTGAGACCT TCAACA GCCATGTAC&TAG

CCATCCAGCGCEEeVeLTErFEveen S50 1ovN@Rjiett olast ainou »xanidodduei bhighe fpoi dist
from 106 cqpi.es per to 1 ies per. well. The expressio el of
the nouse %%I?{%Ogggﬁ W?shio Ze% F essed eéggrgsl%toflo1fage§h8%e§'ﬁ?%%s$%%5¢{e@%ﬁ‘e of
the actihh genéslets of PSngEHMENS MidEsadihd Uik vmuse iGPRA ggme sexpiassi on
| evel in the pancreases of the control mce was evident, whereas the

expr essi on2PgvaPorh et Pamer HasEie of 3k (g Ru0 WaIRa et aibdefthatent nice
had decreaseol@nBROUERRRY gt N Bhdfd Nalndle dahddicoRlidl pYlpe, And the
of t (0] - mce a

expression 1 n the pancrease e GPR40 gene ef 1 crent d

di sappear ederEr erpthesé tesudts,a ipphyeaiso fauind itlhatsufife caxepressitannl. evel in
t hese m ce rcelated with the amount of the nouse GPR40 gene, and it was
expect ed tf@?oiﬁe GPR40 gene hono-deficient mce acquired would 20 exhi bit

phenot ypgsrasaptiatedemb i t heoSHRM: gane defidRnabidedce Restabieng the
above-descri bed hetero-deficient nouse or hono-deficient nouse with a

C57BL/ 6J nmbuBal RBREP odene cheamsIRREC ik acquired (first generation). The
het e ouet] ot FL 5500 AT Yof SR By RhLI0 ! e ALIERFS GLU U
with a normal diet (CE-2, 12 kcal% fat, manufactured by Clea
Japan). After each mouse was weighed, blood was drawn from the
25 ocular fundus using a heparinized capillary (manufactured by
Drummond Scientific Company), and plasma was acquired via
centrifugation. Regarding plasma components, glucose levels
were determined using Fuji Drychem (manufactured by Fuji Film
Medical), and insulin levels were determined using a Morinaga
30 insulin ELISA kit (manufactured by Biochemical Research
Laboratory, Morinaga Milk Industry Co., Ltd.).
A glucose tolerance test was performed as described below.
Specifically, 16 hours after the start of fasting, blood was

drawn from the ocular fundus of each mouse using a heparinized

35 capillary, and this was used as the O-minute sample. Next, a
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deficient mce. Thereafter, these m ce were naintained and propagated by
mating hetero-deficient mce, or control nice or hono-deficient mce; these
mce were sy plled for the experinents, 0107 npl e 10 Genera
properties @éﬁ&@86eﬁelﬁsﬁ8ndwc?@mn+ﬁ %{ d Jraﬁﬁs& &'t ilng &FT8 Helk- ol d,
the GPRA0 gepg n@ef hCkept ntes, Wes enf ek v t @ rligwrfeal, doetnihR124508,
10 kcal@bfat nanu act ur ed by Research Diets, Inc. ) or a hlgh fat dief 35
(D12492, GGHKbéB@)manutﬁanaféerutb@ @@m$@s%%waﬁﬂqmmnhioqduwaﬁ awhofrgm
weeks. Starting after th |n| n t i ing,. e nouse was
wei ghed wee S l?ﬁ gP a%ég t%r%g%erfﬁ 2€§d§a ]ﬂégﬁgcggga%%ese were
Speci fi cal Iuys,ecbla@Odh‘éaSaﬁlpaWQ foenmhberospiatifaindiuge yRiing sa hep@ge ni zed
capillary, plasma 5 conmponents were acquired via centrlfugatlon and plasm
gl ucose Ie¢€W§ﬂ§ﬁdwﬁF§sﬁﬁnFﬁéﬁPgﬁdlE@e}%o%@ﬁ%a9&%&ﬂﬂwﬁ?mﬁf SmePREd

descri bed 'd}u@&%@plaﬁd51nggh_h¥ ?é{rQiéf‘b&:é ke a8 JLRRINE 1% % SGEi. bed

below. On t'he day before the start of neasurenent, the weight of the food
on the feedi ng wAtelgetverisohBastioedpotl %hmi%ﬂMt&Erdxnlamd P sy rahe,

ht of the food h d_th f ttered
the oage were FEAUALdCaKer R EBE Ar GrEC of o MDY datr Cllan Wigee was fo |

det erm asd digFerchice wasngUthepkbefebyivdecsdt €51 ficcey alTug1@f 19ach food to
calculate daily calorific intake. 15For both the |owfat diet |oad group

and the hi gr@sftamgdpéﬁsméaalgia@ﬁ@ leviel pognded gt kel kawest ithdhePR40 gene
honodefi ci u t hat of n and E),
and in terﬁggggb%% or it 88 ?E? ge,T?he?%gaggx%%EEggfgggggeQEégkgéﬁ t he
hono- def i cipentf orinee andmﬁbe oﬁnthel4mMcstﬁﬁhdF%Kaleﬂ&eﬁk}dbd aror mietkh offhe
| owfat diet Ioad %roug and t he hl% $t di et ] oad grou in ternms of both
pl asma gl uddSe 4P&vEILE2aRd2pl 48 et satin Hag plashy, GgAss dsme ldMefer ence

was 0bSELvad, et %e@héh%rﬁﬁgﬁéﬁhcn?nﬁéea@ﬂ ihe horordefdLient 8.8 EhGn 70,
D, Gand H). Hence, It was thought that in terns of 25 body wei ght,

calorific iim &ke, cohdsrd pliaeoswhéreees, thade prsmmainnsn rieh@/]elwaSt here was
no maj or dlff ence en_the GPR4O gen omp- def i cient m and the
control %fﬁldg]géf FESIT "G u o%e E*%rg%ce %%eéSRiﬁ Eﬁg are

hono- defi CItelr@tugmirtceo?»@Sbar thag ah SBhweekawsgenideniRRACGgeng Jryse- defi ci ent
mce were fed with a lowfat diet (D124508, 10 kcal % f at, nanufactured by
Resear ch DQQ;§rapﬁ@ }mgpogeﬁlghthagnagggement of insulin secretion.

20 Since similar results were cobtained from the two strains of
transgenic mice, the 47M strain was mainly used for the

analysis that followed.
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(D12492, 60 kcal % fat, manufactured by Research Diets, Inc.) for 11 weeks.
On mce at 19 week-old, a glucose tolerance test 35 was perfornmed in the
same nmanner as Exanple 5. 74 For both the |lowfat diet group and
the high-fdt®1828t group, there was no major difference in glucose tolerance
bet ween thqr_[%@)%rqlt] m ce and the hono-deficient mce. Fromthese results,
it was thought that the deficiency of the GPR40 5 gene did not influence
the glucose tol erance. [0109] Exarple 12 Hybrid mce of husan GPR40 gene
transgeni ¢ mce and GPR40 gene horfordeficient nmce To prepare mnce that
express the human GPR40 gene only;s 0 the foll owi ng was péﬁ’or med.
Specifically, by crossing a human $GRRA0 gene transgenic noside of the 47M
strain acquired in Exanple 3 and & GPR40 gene hono-defici emt nouse ac%Ji red

in Exanple 9, individual tai ning the hupan GPRz@ gene, and having @«
het er ozygous for deficien of the mouse GPR40 gena, | /5 were acqui red.ﬂThe
mal e transgenic mce thus Dbt ai ned were crpssed WEh| fegple GPR4Q, dened
homo- defi ci ent nice, and thel f eRere tr§n§gani c nce perg gross@g\jth Fral e
GPR40 gene honodeficient| 8 ce, Rtgr eby%%b id mpe2rptafning t ke thiyman
GPR40 gene, and havi ng horozlygogszf or é}% i ¢i ency  heShBuse GPR¥Q 20 gene
(47M TgxKO), were acqui recg t +hé same &i fre, coptgol nite havihg
honozygous for deficiency ®©ff the nouse GPR#0O geng,sahd not havi ng tthe human
GPR40 gene (NonTgxKO), were jal so acquired. | Subsefuently, m ce obtailned by
crossing 47M TgxKO and NordgxKO were exam med fof Fhe presence or gbsence
of the 25 human GPR40 genes ereby 47M TgxKO anfl BohTgxKO were sellect ed.
For the human GPR40 gene| t¥ ansgeni,c mce ol the 23§ 5tread A« as wel, ,{ hybrid
m ce retaining the humanj GPR40 ) je, ard<having hogorygfps; for "(?e_ﬁl ci ency
of mouse GPR40 gene (23F BxKOSahd H H =) NN fio
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[0103]

5 Example 6 Glucose tolerance test of human GPR40 gene transgenic
mice under fatty diet loads

To examine the effects under high-fat diet conditions,

transgenic mice of the 47M strain mice were fed with a low-fat
diet (D12450B, 10 kcal% fat, manufactured by Research Diets,

170 Inc.), a high-fat diet containing 45 kcal% fat (D12451,
manufactured by Research Diets, Inc.), and a high-fat diet

containing 60 kcal% fat (D12492, manufactured by Research Diets,
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control mce therefor (NonTgxKO) were prepared as descri bed 30 above. The
47M TgxKO and 23F TgxKO m ce are thought to be mce characterized by the

| oss of the_expression of .the nmouse GPR40.gene._and the .expression of the
human GPR4016%hL Ig?ﬁ yg Tt ro o §E>“<'Sﬁgl 81%3 %ﬁ%ﬁ EPEAD ag 1494 hsgeni ¢
m ce havi ngtbhergeneti«st3vdackgrounddobnKKAY mice adolExamBlipaethe ef fects

of high expression of GPR40 gene on KKAY m ce, which exhibit hyperglycem a
and obesity, hume® CBIRIG géné r afisgERPcIHERSRAlP YT AMeS gihetqnt dsdle krasund

of KKAY m cgoWeLgPrePaed.455peGHEI | Ki gAY £SGF O§SL O T UHBA- e
transgenic n?ce o? t he 4}%1455&%%% g%gu%{%%g F%EE;é(gérarglle 3 andquKA C?ntglgen

m ce reta nbhgkehk? himmmi@R4@tgener anddhavong ¢brepded) eme:fast hoetlerwn faad
fromthe coat co]or,(47M. Tg/ , re acguired. At.the same tipe, mce
et Al ni g LRE® bt CERID g8t Sobi Chot MRaORHG hb MF Qe 4 R0
were al so l@omsatin@thd- ideemirse, m23E FHAKKAY apgh 23 T@/Hdcars©e HsS QM
prepared. In either case, NonTg/ KKAY and NonTg/ KK served as control mce,

respecti vel §tr3Hausths glusese éabrrppgel of1tFansgerbe el ¢hevamy katdka KO

ani mal s of £se ihventi xhi Qi t enoty 1t e,.nr

reflective % tP\Ee no?ggalt%&%%k}%?a;c{a?g%é, E{}hggia?%éuise uﬁ%sdlge%r gLeona}dng and

drug efficcagyowval dfathaai ssyattemghAfatvaiéor 1GRRAGraah | and egullat=0rgy ftugs.
i nvention has been described with enphasis on

[0112] 20Whi ] e the pr.esent
pr ef erred%l{lﬂatntil,eti g gb%HBus 1 3o P83 IlékFUilﬁn_t ﬁ@c_éreitlpﬁat t he
preferred epbogidey sifcarabe MRdihbedradb§eRi 8SRNte | NYEDTHION 'ﬂgrmgg%{: P?L o

the present invention can be enbodi ed by nethods ot her than those
25 in det aivas nrener keakdsenn $pechipbafabndidtcbedd ngtgup t hdtptésestme

roon’ of", FoGRPass Sh bl eabie)? eRsPIPAsseto AL dfeSRIdd and

15 between the control mice and the transgenic mice. These
results are thought to show that in the transgenic mice, the
glucose tolerance improved with enhancement of insulin
secretion. In the high-fat diet load groups, enhancement of
insulin secretion was remarkable; it was suggested that these

20 results were based on the GPR40 gene.
[0104]
Example 7 Insulin secretion from isolated islets of Langerhans
derived from human GPR40 gene transgenic mice upon glucose
stimulation

25 Insulin secretion from isolated islets of Langerhans
derived from transgenic mice of the 47M strain in response to
glucose stimulation was examined. Islets of Langerhans were
isolated from mice fed with a normal diet at 10 to 13 week-old
by the method described in Example 4. After cultivation in an

30 RPMI1640 medium (manufactured by Invitrogen) containing 11 mM
glucose, 1 mM HEPES, and 10% FBS for 16 hours, the islets of
Langerhans were cultured in a Krebs Ringer bicarbonate buffer
(116 mM NaCl, 4.7 mM KC1, 1.17 mM KH,PO,, 1.17 mM MgSO,-7H,0, 25
mM NaHCO;3;, 2.52 mM CaCl,, 24 mM HEPES, 0.2% BSA) containing 1

35 mM glucose and 0.2% BSA for 30 minutes. Next, the medium was
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This application is based on a patent application No. 2006-022913 filed in
Japan, the contents disclosed therein 30 are incorporated in full herein by
this referencel gh cont ent gjs%rosed hn an¥ guEIica%%on cited.hereky,

i ncl udi ng paPBRTS AT Patert KSp-O4EToRs C2APRIAEF eBY T e ST POra e T P tHEi r
entireties §yueeser&nces inM tiadpesenhaspaei iktats08f Landdenoxd adrd hat

t hey have been disclosed herein._ Clains 1. A transgenic nouse retaining a
DNA t hat en€Bdedresh Exogedsws -GPRAOERR @sexpf edsiBire Bingnd, Witkdr dihe (1)
the insul inaseet ebh A GADARILY BRIJDeBN kel gag8dy 00/ PiadR)cd e Bldsose
tol erance has been inproved, conpared with the correspondi ng non-transgenic
nouse, andRwheeeil¢cdib@adgebolise@GPRIOtRSNhBt el Dgeegliscdwe tthe ohmtsin and
the nouse is deficient in Qﬁ expression of the_endogenous GPR40 gene, or
portion of SHECTIUIHG By ther B8 359 FRACHHUSE HEROTHITRF CEF et it dired
wher ei n t herONA thatr enagdes anl exPenons GRRAN: 181N d8IH drhe teeRt kals of an
insulin pronoter, or a portion of the living body thereof. 3. The nouse
accordi ng t®sgrgeniior vinsudilin chatersgurdny aPaDinaga t Heswhie BFISA kit
subst anti al ' .aclk e h 1N i d,sequenc own
by S | D NP AT E R 3 B CRESC B8 ch "EaB AP A e X
accor di ng t ondbst 1y IGo whartei.n .t heeletier bgenetitsr GRRAG v ider,i ved eftisome
human, or a_ portion of the Livin% body thereof, 5. A screening nethod for
a het er ogensoRESEERD WIenider9PtadhBY e FERERRBLST CPRURT aht SRJOHF&EOT

conpri sing apph Vi &d £y $OMPURLSERLLARL IPESE4 26501l NG 10, £l Al ik Ur @
portion of the living body thereof, and determ ning the R40 agoni st
activity orDN@PR&G altttagonined actingi By QuentALEEr @énbggerst HedDRAr Aanayl)
insulin secretipon and/qr (2 | ycose tol erance regulatory drug in

het er ogeneois" wﬁ%@a%&%f# ?g’nglogﬁﬁflénaﬁg 50}?8§E ’ c%?r‘goﬁﬁ% ?%O‘?'h% ‘?‘guse
accordi ng ttinhslaimMmsedtetaPatalsi ebrekctba.l i vi ng body thereof, and neasuring
the (1) insulin secretion and/or (2) glucose tolerance. 7. A pathologic
condi ti on nodel nddséheedBPEPRgOfr bHFAL LY FREIRETDNbrikg messenmmliafg Son

the nouse QﬁﬁcngéH%éf)daiﬁf@félence was observed between the control mice

and the 47M strain (FIG. 5A). In contrast, in the presence of

a

16 mM glucose, the amount of insulin secreted was higher in the
20 47M strain than in the control mice (FIG. 5A). 1In the
experiment with the addition of palmitic acid, one of GPR40
ligand, the amount of insulin secreted increased about 1.5
times in the palmitic acid added group of control mice,
compared with the no-addition group, and the amount of insulin
25 1increased about 6 times in the transgenic mice, compared with
the no-addition group (FIG. 5B). From these results, it was
found that the amount of insulin secreted upon stimulation with
high concentration glucose in islets of Langerhans derived from
the transgenic mice was higher than that of the control mice,
30 and that its responsivility to palmitic acid was higher than
that of the control mice. It is suggested that both may be
attributed to the high expression of the GPR40 gene.
[0105]
Example 8 Acquisition of homologous recombinant ES cells for

35 preparation of GPR40 gene deficient mice
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1, or a portion of the living body thereof. 8. A screening nethod for a
prophyl actic/therapeutic substance for a disease acconpani ed by a

pat hol ogi ¢ conditj.on, rising a i n a test,. co nd t t he nouse
according to cIaﬂ#i C%%'ngSPFigﬁr§$L¥ ?%F%@'ﬁ%d%y Cg
detern1nlngaiimpzﬁnﬂ1.Qﬁaka@andbaam@ﬁthylngﬁﬂﬁaﬁyﬁmaboaoll9trlh§faﬁﬁeed
according to claim38, wherein the pathologic condition or disease is

met abol i ¢ sYHe? dite o G9E 0P SEbPE1 shapt opbL t EPRGIGT-GRYIENGR L PSEING <110>

Lakede, PhaCRBESU G2 RIPSPY M TR, A0 ERISH Ry JEg D AN, w0

<170> Patsentitremertsicor13 P2ts2t00rdar2di >DOO0s K24 2w, DNA i<HEI> Thicitd tsapl eits

<220> <221> §1<2 %6E%§Q 5900 eéégogh&'fééhégﬁoCtoﬁ?%a%yg cag etc tee

tto ggc otc? %ﬁ Gt G8datt oF gy since December 11,
2002.

Twenty micrograms of the GPR40 gene targeting vector,

linearized with restriction enzyme NotI, was introduced into ES
10 cells (AB2.2 prime, manufactured by Lexicon) by electroporation.
From among the selected 384 clones of G418-resistant strains,
homologous recombinant candidate strains were selected by PCR.
Specifically, using Primer #1 and #2 (#1: 5'-
CAGCCAGTCCCTTCCCGCTTCA-3' (SEQ ID NO:12), a sequence within the
15 Neo® in the targeting vector, #2: 5'-
GCAGGTCCGAAATGGTCAGGTTTAGCA~3" (SEQ ID NO:13), a sequence
outside the 3’ arm of the targeting vector) and LA Taq
polymerase {(manufactured by Takara Shuzo), PCR was performed at
94°C for 1 min — (98°C 1l0sec — 70°C 5 min 30sec) x35 cycles —
20 72°C 10 min. As a result, from 7 positive clones and 12 false-
positive clones, i.e., a total of 19 clones, an about 5.1-kbp
band was obtained. Out of them, 10 clones including the 7
positive clones, were again examined by PCR under the same
conditions; seven clones, i.e., Nos. 85, 231, 247, 325, 373,
25 374, and 391, were positive.

Next, to examine for the presence or absence of
homologous recombination at the GPR40 gene locus, Southern
hybridization was performed. Specifically, with a 1.2-kbp
SacI-EcoRI fragment being present outside the 3’ arm of the

30 targeting vector as the probe, the DNA of the ES cell was
digested with EcoRI, after which Southern hybridization was
performed. Thereby, a 9.7-Kbp band is obtained from the wild
allele, and from the targeted allele a 4.6-kbp band is obtained.
With a 0.9-kbp SacI-BamHI fragment being present outside the 5’

35 arm of the targeting vector as the probe, the DNA of the ES
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Met Asp
ctg ggo
Phe Pro
cgt etc
Thr Pro
aca gtc
Ser Leu
cog gco
Ser Lou
ggc ggg
Gy Phe
ttg336

Leu Pro Pro G n Lou Ser Phe Gy Lou Tyr Val Ala Ala Phe 151015 gcg
tto cog ate aac gtc otg gcc ate cga ggc gag acg gcc96 Ala Lou Ay

Lou n_Val Leu Al g || | a Thr. Al g, 202530 on.goq.cgg.etc
acoceé‘ét Yg5o 946§ Sé?? Wégh/g%%cﬁ éaéaecr cvfllb]fﬂ |ugt%ﬁr5‘ %ﬁ&%@&zgﬂqgoi}ou
SerwdsopeVao ripd . Al BhdfabAsh Lol 235494 5agaoikgent adngaoredg €hg ctg
tot ctg coc _ctg aag gc tgl192 Ay Cys Ser, Asp Lou Lou Lou Thr Vo
Pr &6t aly e LA a2v4l aség5go%@ad0w§ et @@@clrt%g 65 §b6 tggoesedcet g
tog,16tg L gc coo240 Gu Ala Lou Ala Ser Ay Ala Trp Pro Leu Pro Al a

Cys Pro 65707580 gto ttc gag gtg gco cac ttc ttc oca ctc tat goo
ggc ttc288 VaklPhesAl anvahdiha@ ithes PhelPles Praldeeu tHy beAbas@ryve y

859i919%h%t %o%%%oggg S&g, agcguigl'():earrggrgybe 'Odfzaécticgng \A%%ap %%o%%%dt.tc €00
For the 3’ side arm, Southern hybridization was performed as
described below. After 2 pg of DNA of each clone and mouse
genomic DNA were digested with EcoRI, electrophoresis was

10 performed on 0.4% TAE agarose gel, and the DNA was blotted to a
nylon filter. The EcoRI-Sacl 1.2-kbp DNA fragment outside the
3’ side arm was labeled using [a->?P] dCTP (NEG513%,
manufactured by DuPont) by a random prime method (Multiprime
DNA labeling system RPN.1601Y, manufactured by Amersham |

15 Pharmacia Biotech), and this was used as the probe.
Hybridization was performed in a hybridization buffer (0.5M
Na'- phosphate buffer pH 7.2, 7% SDS, 1% BSA, 1mM EDTA) at 65°C
overnight. Finally, washing with 0.1xSSC, 0.1% SDS was
performed for 20 minutes x 2, and an autoradiogram was taken

20 using BAS2000 (manufactured by Fuji Films). For the 5’ side
arm, 2 pg of DNA of each clone and mouse genomic DNA were
digested with SacI, and with the SacI-BamHI 0.9-kbp DNA
fragment outside the 5’ side arm as the probe, Southern
hybridization was performed as described above. As a result,

25 both the 4.6-kbp band observed when homologous recombination
has occurred in the 3’ side arm region, and the 17.4-kbp band
observed when homologous recombination has occurred in the 5’
side arm region, were obtained from six clones, i.e., Nos. 85,
231, 247, 325, 373, and, 374; these six clones became

30 homologous recombinant candidate strains. However, since the
17.4-kbp band was heterologous in some clones, this region was
further analyzed.

To confirm that the targeting vector was not inserted

into a position other than the homologous recombination region

35 on the chromosome, or not tandemly inserted into the homologous
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Lou

ggo
Adn

tgg
Lou

ggc
Lou

ggc
Pro
ttc
Leu
tac

Al a
t ac
Al a
goo
Val
tgg

t ot
Val
ago
Ser
gtg

Ala Lou Ser Ala Gy Arg Tyr Lou Gy Ala Ala Phe Pro Lou 100105110
caa gco ttc cgg agg cog tgo tat tee tgg ggg gtg tgc gog384 Ay Tyr

Phe Ar Pro Cys Tyr Cys Al a 115120125 goqQ ato
et cr%chf@t% g Sddeet anath‘atg 6?0 Wef HIP RG2S MSETAR Al a
Lot ey Ssdil tshelr@U hFo¥ 1 H9Ya Yabn PRga 3 ¥i & ey 13Q1 3240, 102313814 L G 09
otg gac cac ago aac acc toe ctg ggc ate480 Gu Ala Pro Ay dy Trp

H| s 'SetidsmrThwaserepsabely &feen 481501 556 exae fatdyr ichgagtionaac

Ol A 9990981905006, RREP SaN TE, Fupoyal son Oy S
et ccdotegHandiing @bc thet Nebt Sty A 1$1e|°chél &a@gﬁt@h@ AkatBrgaRhenSer
Lou Leu Leu Phe Phe 180185190 otg occ ttg got atc aca gcc ttc tgc
ggd”F&Eactgfc@EC@E%%?hy one copy of the homologous recombinant is

inserted, the 17.4-kbp band will be detected. In No. 247, 373,

and 374 clones, a plurality of bands were observed; therefore,

the targeting vector was likely to be inserted on the genome by

i0 non-homologous recombination in these clones. Regarding No. 85
clone, only one band was obtained, but because the band was
denser than that of any other clone, it was suggested that the
targeting vector might be tandemly integrated into the
homologous recombination region in this clone. Finally, two

15 clones from which only single 17.4-kbp band was obtained, i.e.,
Nos. 231 and 325, were identified as homologous recombinants.
[0106]
Example 9 Preparation of GPR40 gene homo-deficient mice and
expression of GPR40 gene in homo-deficient mice
20 The homologous recombinant ES cell strain No. 231 was
injected into a blastocyst derived from a mouse of the C57BL/6J
strain. The injected blastocyst was transplanted to the
oviduct of a pseudopregnant mouse, and 31 chimera mice were
obtained. Male mice showing a high chimera ratio with an ES

25 cell contribution rate of 50% or more were mated to obtain 106

ES-cell-derived mice, whereby germline transmission was

confirmed. Genomic DNA was purified from the tails of these

mice, and genotyping was performed by PCR using the primer #1

and #2 described in Example 8; it was found that 48 individuals
30 were hetero-deficient mice. Next, genotyping of the pups

obtained by mating the hetero-deficient mice was performed as
described below. With DNA prepared from the tail as the
template, using the primer #1 and primer #2 described in

Example 8, PCR was performed under the conditions of 94°C 1 min

35 — (98°C 10sec — 70°C S5min 30sec) x25 cycles — 72°C 10 min. No
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Lou
ctg
Arg
ggc
Al a
aac
Al a
etc
Thr
gga
fly

Pro
gcc
Ser
ggg
Lou
gtg
Ser
ate
Ay
agg
Pro

Lou Ala Ile Thr Ala Phe Cys Tyr Val dy Cys Lou Arg Ala 195200205
ago too ggc ctg acg cac agg egg aag ctg egg gcc goo tgg672 Leu Al a

dy Loy Thr H s Arg Arg L Arg Ala. Ala T 10215220
GePTE e S Biy BErfes Hramguhi At bR Gy
Lous [ ko deU ilOuie@pst¥al i fd ¥akpDed Y rdr 52325 WY 188G rgC GnilR0

goo ago ttc CtJ% tac ccc aat eta gga ggc tee768 Asn Al a Ser Asn Val
Phean@duhang-derig cAsntL sgcel y 1d ke Sere 245250055 igd ddg (8ag ctg ggg

SrE oS gn aBhca 0SBl Lga 019 TP Ay, Lok Al e

ggtpcot iggo CittheaaaguaeaGGRGB864eRed &od Malmdhr#4 | ¢ Fyr Lou fly Arg

flYAké%%%egkéngéﬁ%CG%%%% gg§5 (SEQ ID NO:15), a sequence outside .
the 3’ side arm of the targeting vector), PCR was performed
under the conditions of 94°C 1 min — (98°C 1l0sec — 70°C 5min
30sec) x30 cycles — 72°C 10 min. No bands are detected in

10 samples from homo-deficient mice, whereas an about 5.4-kbp band
is detected in samples from wild mice and hetero-deficient mice.
The wild mice, hétero—deficient mice, and homo-deficient mice
were acquired as described above. Thereafter, these mice were
maintained and propagated by mating homo-deficient mice, and

15 the control mice were maintained and propagated by mating wild
mice; these mice were supplied for the experiments.

For the GPR40 gene homo-deficient mice, GPR40 gene
hetero-deficient mice, and control mice, total RNA was
extracted from the pancreas at 8 week-old using ISOGEN, as

20 directed in the attached protocol. One microgram of the total
RNA obtained was treated with random primers and SuperScript II
reverse transcription enzyme as directed in the attached
protocol to synthesize a first strand cDNA; after ethanol
precipitation, the precipitated cDNA was dissolved in 40pl of

25 TE. Of this solution, an aliquot of cDNA equivalent to 25 ng
of RNA was used as the template for TagMan analysis. For
detection of the mouse GPR40 gene, a primer set of forward
primer (5'-TTTGCGCTGGGCTTTCC-3'; SEQ ID NO:16), reverse primer
(5' -GCTGGGAGTGAGTCGCAGTT -3'; SEQ ID NO:17), and a FAM-labeled

30 TagMan primer probe (5'-CCATCCGAGGCGCAGTGTCCC-3'; SEQ ID NO:18)
was used; for detection of the actin gene, a primer set of
forward primer (5'-CGTGAAAAGATGACCCAGATCA-3'; SEQ ID NO:19),
reverse primer (5'-CACAGCCTGGATGGCTACGT-3'; SEQ ID NO:20), and
a FAM-labled TagMan primer probe (5'-TGAGACCTTCAACACCCCAGCCATG-

35 3'; SEQ ID NO:21) was used. The working curve used to
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tgt gcg gca aga acg caa ggg ggc aag the cag aag900 Cys Ala Ala Arg Thr fin
fly fly Lys Ser A n Lys 290295300 <210> 2 <211> 300 <212> PRT <213> Hono
sapi ens <400> 2 Met Asp Lou Pro Pro A n Lou Phe ou Tyr Val Al a
Phe 151015 AFECHGFS |%PpﬁhéluﬁﬂE8rEani\sﬂe%¥a’£% o |ﬁrTe¥ﬂkaeFléeBF5m3rﬂ?g

202530 H s £ and\ighdsRl Andck@WathbnBr 81 SEMmb@ske R ATY lgeNea doPit AN N0
354045 fly Cys Ser Asp Lou Lou Lou Thr Val Ser Leu Pro Lou Lys Al a Val

505560 f | u ml@srmoi; DA7a compriiisy ngl aher pmptbfied mBom drsdmlilod copdhpr @

22585280 Vaal. ethetlcv NAAIf%a %nEhEeEHS Er&)i’@ﬂ)n s At‘lhae fn!o\ﬁ e|¥icft1¥1 Phe

5 gene (manufactured by SIGMA Genosys, 5'-
CCAACCGTGAAAAGATGACCCAGATCATGTTTGAGACCTTCAACACCCCAGCCATGTACGTAG
CCATCCAGGCTGTGCTGTC-3'; SEQ ID NO:22), to obtain six
logarithmic points from 10°% copies per well to 10' copies per
well. The expression level of the mouse GPR40 gene is

10 expressed as a ratio to the expression level of the actin gene.

As shown in FIG. 6, the mouse GPR40 gene expression level
in the pancreases of the control mice was evident, whereas the
expression level in the pancreases of the GPR40 gene hetero-
deficient mice had decreased to about half as high as that of

15 the control mice, and the expression in the pancreases of the
GPR40 gene homo-deficient mice had disappeared. From these
results, it was found that the expression level in these mice
correlated with the amount of the mouse GPR40 gene, and it was
expected that the GPR40 gene homo-deficient mice acquired would

20 exhibit phenotypes associated with the GPR40 gene deficiency.

Next, by mating the above-described hetero-deficient
mouse or homo-deficient mouse with a C57BL/6J mouse, hetero-
deficient mice were acquired (first generation). The hetero-
deficient mice obtained by repeating this mating five times

25 (fifth generation) were mated to obtain control mice and homo-
deficient micé. Thereafter, these mice were maintained and
propagated by mating hetero-deficient mice, or control mice or
homo-deficient mice; these mice were supplied for the
experiments.

30 [0107]

Example 10 General properties of GPR40 gene homo-deficient mice

Starting at 8 week-old, the GPR40 gene homo-deficient
mice were fed with a low-fat diet (D12450B, 10 kcal% fat,
manufactured by Research Diets, Inc.) or a high-fat diet

35 (D12492, 60 kcal% fat, manufactured by Research Diets, Inc.)
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Leu Ala Ala Lou Ser Ala fly Arg Tyr Lou fly Ala Ala Phe Pro Lou 100105110
fly Tyr An Ala Phe Arg Arg Pro Cys Tyr Ser Trp Gly Val Cys Ala 115120125

1S e TR Lol TS (s

1451501551600 d; neRito rﬁéaiseAsnasf hylijﬁédm@ek/ﬁy GthI"LOlchfde pAlramBtRe ASp
Pro 165170175 Ala Ser Ala Ay Pro Ala Arg Phe Ser Lets Ser Leu Lets Lets
Phe Phe 1801853 J6P3BHLPS E@F@Sﬁﬁ’éyt | egpﬂﬂlfAIC&llih’e @Qoﬁ’fywa%ﬂ“’@’? & Leu

Arg Alla 195200209,16t Sflﬁld%g%g;l%r aq1¥p!i§£§12-@<ﬁ S NG A Gl ets Arg
Ala Ala Trp 210215220 Val Al a Ala Leu Lets Thr Lets Lets Lets Oys
Val Giy Brocdmponents were acqu1red v1a centrifugation, and plasma glucose

levels and plasma insulin levels were measured by the method
described in Example 5. Daily calorific intake was measured as
described below. On the day before the start of measurement,
the weight of the food on the feeding wire net was measured,

10 and on the following day the weight of the food on the wire net
and the weight of the food scattered in the cage were measured,
whereby the weight of the food taken was determined, and this
was multiplied by the calorific value of each food to calculate
daily calorific intake.

15 For both the low-fat diet load group and the high-fat
diet load group, the body weight value of the GPR40 gene homo-
deficient mice was equal to that of the control mice (FIG. 7A
and E), and in terms of calorific intake, there was no
difference between the homo-deficient mice and the control mice

20 (FIG. 7B and F). For both the low-fat diet load group and the
high-fat diet load group, in terms of both plasma glucose
levels and plasma insulin levels, no significant difference was
observed between the control mice and the homo-deficient mice
{FIG. 7C, D, G and H). Hence, it was thought that in terms of

25 body weight, calorific intake, plasma glucose level, and plasma
insulin level, there was no major difference between the GPR40
gene homo-deficient mice and the control mice.

[0108]
Example 11 Glucose tolerance of GPR40 gene homo-deficient mice

30 Starting at 8 week-old, the GPR40 gene homo-deficient
mice were fed with a low-fat diet (D12450B, 10 kcal% fat,
manufactured by Research Diets, Inc.) or a high-fat diet
(D12492, 60 kcal® fat, manufactured by Research Diets, Inc.)
for 11 weeks. On mice at 19 week-old, a glucose tolerance test

35 was performed in the same manner as Example 5.
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225230235240 Mn Ala Ser Asn Val Ala Ser Phe Lets Tyr Pro Asn Lets Ay Gy
Ser 245250255 Trp Arg Lys Leu (]y Lets Ile Thr fly Ala Trp Ser Val Val Lets
Asn 260265270 Pra_ Le al Tyr Lets Ay Ar Pro fly Lets Lys
[hr Val 27528028§<®§>% t/E%Ie 1ﬂwg¥=‘r*ﬁrdt~ﬂ ‘F’E?/U%; C%fé“es&rlgé‘ﬁ%ty@?@ozgmoo
<210> 3 <2ldrodi8 <Blde A 7813356kt b kebabns220r éﬁ?é%éarﬂdl%rrai‘é%0> 3

attagaaagc ttacgcgtga gagatagagg aggagggacc attaagtg48 <210> 4
between the control mice and the homo-deficient mice. From

these results, it was thought that the deficiency of the GPR40
5 gene did not influence the glucose tolerance.
[0109]
Example 12 Hybrid mice of human GPR40 gene transgenic mice and
GPR40 gene homo-deficient mice
To prepare mice that express the human GPR40 gene only,

10 the following was performed. Specifically, by crossing a human
GPR40 gene transgenic mouse of the 47M strain acquired in
Example 3 and a GPR40 gene homo-deficient mouse acquired in
Example 9, individuals retaining the human GPR40 gene, and
having heterozygous for deficiency of the mouse GPR40 gene,

15 were acquired. The male transgenic mice thus obtained were
crossed with female GPR40 gene homo-deficient mice, and the
female transgenic mice were crossed with male GPR40 gene homo-
deficient mice, whereby hybrid mice retaining the human GPR40
gene, and having homozygous for deficiency of the mouse GPR40

20 gene {(47M TgxKO), were acquired. At the same time, control
mice having homozygous for deficiency of the mouse GPR40 gene,
and not having the human GPR40 gene (NonTgxKO), were also
acquired. Subsequently, mice obtained by crossing 47M TgxKO
and NonTgxKO were examined for the presence or absence of the

25 human GPR40 gene, whereby 47M TgxKO and NonTgxKO were selected.
For the human GPR40 gene transgenic mice of the 23F strain as
well, hybrid mice retaining the human GPR40 gene, and having
homozygous for deficiency of mouse GPR40 gene (23F TgxKO) and
control mice therefor (NonTgxKO) were prepared as described

30 above. The 47M TgxKO and 23F TgxKO mice are thought to be mice
characterized by the loss of the expression of the mouse GPR40
gene and the expression of the human GPR40 gene only.

[0110]
Example 13 Human GPR40 gene transgenic mice having the genetic

35 background of KKAY mice
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<211> 45 <212> DNA <213> Artificial <220> <223> Priner <400> 4 gtcgacacaa
t aacct ggaa gat aggctgg gttgaggata gcaaad45 <210> 5 <211> 56 <212> DNA <213>

ALl <20 R e o9 A o SHRAACERE
on KKAY mice, which exhibit hyperglycemia and obesity, human
GPR40 gene transgenic mice having the genetic background of
KKAY mice were prepared. Specifically, by crossing human GPR40

5 gene transgenic mice of the 47M strain acquired in Example 3
and KKAY mice, mice retaining the human GPR40 gene, and having
the AY gene as determined from the coat color (47M Tg/KKAaY),
were acquired. At the same time, mice retaining the human
GPR40 gene, but not having the AY gene (47M Tg/KK), were also

10 acquired. Likewise, 23F Tg/KKAY and 23F Tg/KK were also
prepared. In either case, NonTg/KKAY and NonTg/KK served as
control mice, respectively.

Industrial Applicability
[0111]

15 Because the Tg and KO/KD animals of the present invention
exhibit phenotypes that are more reflective of the normal GPR40
functions, they are useful as screening and drug efficacy
evaluation systems in vivo for GPR40 action regulatory drugs.
[0112]

20 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 present invention intends that the present
invention can be embodied by methods other than those described

25 in detail in the present specification. Accordingly, the
present invention encompasses all modifications encompassed
within the spirit and scope of the appended claims.

This application is based on a patent application No.
2006-022913 filed in Japan, the contents disclosed therein

30 are incorporated in full herein by this reference. The
contents disclosed in any publication cited herein, including
patents and patent applications, are hereby incorporated in
their entireties by reference in the present specification, to

the extent that they have been disclosed herein.
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<213> Artificial <220> <223> Primer <400> 6 tatgoacgca aacacaaact ctat?24
<210> 7 <211> 25 <212> DNA <213> Artificial <220> <223> Prinmer <400> 7
ggagt gt ggt gcttaatccg ctggt25 <210> 8 <211> 29 <212> DNA <213> Artificial

Claims

1. A transgenic mouse retaining a DNA that encodes an exogenous
GPR40 in an expressible state, wherein

(1) the insulin secretion capacity has been increased, and/or
(2) the glucose tolerance has been improved,

compared with the corresponding non-transgenic mouse,

and wherein the exogenous GPR40 is heterogeneous to the mouse,
and the mouse is deficient in the expression of the endogenous
GPR40 gene, or a portion of the living body thereof.

2. The mouse according to claim 1, wherein the DNA that encodes
an exogenous GPR40 is under the control of an insulin promoter,

or a portion of the living body thereof.

3. The mouse according to claim 1, wherein the exogenous GPR40
has the same or substantially the same amino acid sequence as
the amino acid sequence shown by SEQ ID NO:2, or a portion of

the living body thereof.

4. The mouse according to claim 1, wherein the heterogeneous
GPR40 is derived from human, or a portion of the living body

thereof.

5. A screening method for a heterogeneous GPR40 agonist or a
heterogeneous GPR40 antagonist, comprising applying a test
compound to the mouse according to claim 1 or a portion of the
living body thereof, and determining the GPR40 agonist activity
or GPR40 antagonist activity.

6. A screening method for an (1) insulin secretion and/or (2)
glucose tolerance regulatory drug in a heterogeneous mammal,
comprising applying a test compound to the mouse according to
claim 1 or a portion of the living body thereof, and measuring

the (1) insulin secretion and/or (2) glucose tolerance.

7. A pathologic condition model mouse resulting from drug

induction or stress loading on the mouse according to claim
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<220> <223> Primer <400> 8 agactgcctc otcottocog taagtacaa29 <210> 9 <211>
18 <212> DNA <213> Artificial <220> <223> Prinmer <400> 9 gocogottoa

gcctotct 18 <210> 10 <211> 18 <212> DNA <213> Artificial <220> <223> Priner
<400> 10 gaggcagocc acgtagcal8 <210> 11 <211> 23 <212> DNA <213> Artificial

1, or a portion of the living body thereof.

8. A screening method for a prophylactic/therapeutic substance
for a disease accompanied by a pathologic condition, comprising
applying a test compound to the mouse according to claim 7 or
a portion of the living body thereof, and determining the

amelioration of the pathologic condition.
9. The method according to claim 8, wherein the pathologic

condition or disease is metabolic syndrome or one or more

symptoms thereof.
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<220> <223> Probe <400> 11 totgccettg gcoatcacag cct23 <210> 12 <211> 22
<212> DNA <213> Artificial <220> <223> Prinmer <400> 12 cagocagtcc
ottoccgott ca22 (4) <210> 13 <211> 27 <212> DNA <213> Artificial <220>
<223> Prinmer <400> 13 gca qﬁcc a aatggtcagg tttagca27 <210> 14 <211> 19
<212> DNA <213> Artif%@f&% ¥§§%>

<110> Takeda Pharmaceutical Company Limited

<120> GENETICALLY MODIFIED ANIMAL AND USE THEREOF
<130> 091026

<150> JP 2006-022913
<151> 2006-01-31

<160> 22
<170> Patentin version 3.2

Q210> 1

<211> 900

<212> DNA

<213> Homo sapiens

<220>
<221> (DS
222> (D

<400> 1

atg gac ctg ccc ccg cag cte tee ttc gge ctec tat gteg gee goe tit 48
Met Asp Leu Pro gro Gin Leu Ser Phe ?6y Leu Tyr Val Ala ?éa Phe

1

. (900)

gog otg ggc ttc cog otc aac gtec otg gcec atc cga ggc geog acg goc 96
Ala Leu Gly gge Pro Leu Asn Val Lgu Ala lle Arg Gly Aéa Thr Ala
2 3

cac goc cgg cic cgt ctc ace cct age ctg gtec tac gee ctg aac ctg 144
His Ala égg Leu Arg Leu Thr 550 Ser Leu Val Tyr ﬁéa Leu Asn Leu

gec tge tec gac ctg otg ctg aca gic tot ctg ccc ctg aag geg gtg i92
Gly g%s Ser Asp Leu Leu %gu Thr Val Ser Leu Pgo Leu Lys Ala Val
6

. gag gog cta geo toc ggg goe tgeg cot ctg cog gee teg ctg tge coe 240
géu Ala Leu Ala Ser géy Ala Trp Pro Leu Pro Ala Ser Leu Cys Pro
75 80

gtc ttc gog gtg goc cac ttc ttc cca ctc tat gcc gge ggg ege tte 288
Val Phe Ala Val géa His Phe Phe Pro 5eu Tyr Ala Gly Gly géy Phe
0

ctg geoc goo ctg agt gea gec cge tac ctg gga gea geec tic coc tig 336
Leu Ala Ala %88 Ser Ala Gly Arg ggg Leu Gly Ala Ala P?g Pro Leu
1

ggc tac caa goc ttc cgg age cog tge tat teco tgg gee gteg tge gog 384
Gly Tyr ?{g Ala Phe Arg Arg ?58 Cys Tyr Ser Trp Glg Val Cys Ala
12

goc ate tgg goc cte gte ctg tegt cac otg ggt otg gtec ttt ggg tte 432
Ala {ég Trp Ala Leu Val %gg Cys His Leu Gly Lzu Val Phe Gly Leu
140

gag got cca gga ggc igg cotg gac cac agc aac acc tcc ctg gge ate 480
Glu Ala Pro Gly Gly Trp Leu Asp His Ser Asn Thr Ser Leu Gly lle
145 150 155 160

aac aca ccg gic aac gegc tct cog gtec tge ctg gag gee tgg gac cog 528
Asn Thr Pro Val ?gg Gly Ser Pro Val Cys Leu Glu Ala Trp A;g Pro
170 ]

goc tot goc ggec cog goeo cge titc age oto tet ctoc ctg cte it ttt 576
Ala Ser Ala ?éé Pro Ala Arg Phe ?gg Leu Ser Leu Leu Leu Phe Phe
190

ctg ccc ttg gcc atc aca gee ttc tge tac gtg ggc tge ctec cgg gea 624
Leu Pro Leu Ala lle Thr Ala Phe Cys Tyr VaI Gly Cys Leu Arg Ala
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<223> Prinmer <400> 14 gcccgccctg cocgtotcal9 <210> 15 <211> 24 <212> DNA
<213> Artificial <220> <223> Priner <400> 15 aacgttcgat gctcaccgcc gtca24
<210> 16 <211> 17 <212> DNA <213> Artificial <220> <223> Priner <400> 16
tttgcgctgg1gptttccl7 <2é§> 17 <211>-%g <212> DNA <213> Artificial <220>

C

<223> Prinmer” <400> 17 gagggagtg agt agtt 20
ctg geec cge tec gge otg acg cac agg cgg aag otg ceg gooc geo tge 672
Leu 9{8 Arg Ser Gly Leu g?g His Arg Arg Lys %eg Arg Ala Ala Trp
2

gtg gecc ggo ggg geo cte ctc acg otg ctg cte tge gta gga coec tac 720
Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Val Gly Pro Tyr
225 230 235 240

aac gec tcc aac gtg gec age ttc ctg tac ccc aat cta gega ggc toe 768
Asn Ala Ser Asn gzé Ala Ser Phe Leu ;ga Pro Asn Leu Gly g%g Ser

tegg cgg aag ctg ggg ctc ate acg ggt goc tegg agt gtg gte ctt aat 816
Trp Arg Lys %gg Gly Leu Ile Thr gég Ala Trp Ser Val gga Leu Asn

cog ctg gtg acc ggt tac tte gga agg gegt cot gge ctg aag aca gtg 864
Pro Leu X?é Thr Gly Tyr Leu gég Arg Gly Pro Gly %gg Lys Thr Val

tgt geg gca aga acg caa ggg ggc aag toc cag aag 900
Cys Ala Ala Arg Thr Gin Gly Gly Lys Ser Gin Lys
290 295 300

210> 2

<211> 300

<212> PRT

<213> Homo sapiens

<400> 2
vet Asp Leu Pro Ero GIn Leu Ser Phe Gly Leu Tyr Val Ala ?éa Phe
10

Ala Leu Gly Phe Pro Leu Asn Val Leu Ala lle Arg Gly Ala Thr Ala
20 25 30

His Ala Arg Leu Arg Leu Thr Pro Ser Leu Val Tyr Ala Leu Asn Leu
35 40 45

Gly Cys Ser Asp Leu Leu Leu Thr Val Ser Leu Pro Leu Lys Ala Val
50 55 60

Glu Ala Leu Ala Ser Gly Ala Trp Pro Leu Pro Ala Ser Leu Cys Pro
65 70 75 80

Val Phe Ala Val Ala His Phe Phe Pro Leu Tyr Ala Gly Gly Gly Phe
85 90 95

Leu Ala Ala Leu Ser Ala Gly Arg Tyr Leu Gly Ala Ala Phe Pro Leu
100 105 110

Gly Tyr Gln Ala Phe Arg Arg Pro Cys Tyr Ser Trp Gly Val Cys Ala
115 120 125

Ala Ite Trp Ala Leu Val Leu Cys His Leu Gly Leu Val Phe Gly Leu
130 135 140

Glu Ala Pro Gly Gly Trp Leu Asp His Ser Asn Thr Ser Leu Gly lle
145 150 155 160

Asn Thr Pro Val Asn Gly Ser Pro Val Cys Leu Glu Ala Trp Asp Pro
165 170 175

@



<210> 18 <211> 21 <212> DNA <213> Artificial <220> <223> Probe <400> 18
ccatccgagg cgcagtgtcc c21 <210> 19 <211> 22 <212> DNA <213> Artificial

<220> <223> Primer <400> 19 cgtgaaaaga tgacccagat ca22 <210> 20 <211> 20
<212> DNA <213> Artificial

Ala Ser Ala Gly Pro Ala Arg Phe Ser Leu Ser Leu Leu Leu Phe Phe
180 185 190

Leu Pro Leu Ala [le Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala
195 200 , 205

Leu Ala Arg Ser Gly Leu Thr His Arg Arg Lys Leu Arg Ala Ala Trp
. 210 215 220

Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Val Gly Pro Tyr
225 230 235 240

Asn Ala Ser Asn Val Ala Ser Phe Leu Tyr Pro Asn Leu Gly Gly Ser
245 250 255

Trp Arg Lys Leu Gly Leu tle Thr Gly Ala Trp Ser Val Val Leu Asn
260 265 270

Pro Leu Val Thr Gly Tyr Leu Giy Arg Gly Pro Gly Leu Lys Thr Val
215 280 285

Cys Ala Ala Arg Thr GIn Gly Gly Lys Ser Gin Lys
290 . 295 300

<210> 3

<211> 48

<212> DNA

213> Artificial

<220>
223> Primer

<400> 3
attagaaagec ttacgcetga gagatagagg aggagggacc attaagtg 48

Q210> 4

Q211> 45

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 4
gicgacacaa taacctggaa gataggetgg gttgaggata goaaa 45

Q210> 5

<211> 56

<212> DNA

213> Artificial

<220>
<223> Primer

<400> 5
attattgtcg accaccatgg acctgcccce goagototec ttoggoctet atgtag 56

210> 6

211> 24

<212> DNA

<213> Artificial

<220>
(3



<220> <223> Prinmer <400> 20 cacagcctgg atggctacgt20 <210> 21 <211> 25 <212>
DNA <213> Artificial <220> <223> Probe <400> 21 tgagacottc aacaccccag

ccat g25 <210> 22 <211> 82 <212> DNA <213> Artificial <220> <223> Synthetic
DNA fr t of nmouse actin gene <400> 22 ccaaccgtga aaagat gacc cagat cat gt

ttgagaccttrcaacacccca gccat gt acg60 tagocatcca ggctgtgag to82

<400> 6
tatgecacgea aacacaaact ctat 24

<210> 7

211> 25

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 7
ggagtgtegt gottaatcog ctget 25

<210> 8

Q11> 29

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 8
agactgectc ctocttoccg taagtacaa 29

210> 9

<211> 18

<212> DNA

<213> Artificial

220>
<223> Primer

<400> 9
gooccgettca gectotot 18

<210> 10

211> 18

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 10
gaggcagecc acgtagea 18

<210> 11

211> 23

<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 11
totgeccttg geocatcacag cot 23

210> 12

211> 22

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 12
cagccagtcc cttcccgett ca 22

4



<210> 13

Q1> 27

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 13
goaggtocga aatggtcagg tttagea

<216> 14

211> 19

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 14 :
gecogecctg cocgtotea

<210> 15

Q211> 24

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 15
aacgttogat gotcaccgec gtca

<210> 16

211> 17

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 16
tttgogetge gotttoc

<210> 17

211> 20

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 17
gotggeagte agtcgecagtt

<210> 18

211> 21

<212> DNA

<213> Artificial

<220>
<223> Probe

<400> 18
ccatccgagg cgoagtgtes ¢

<210> 19
Q211> 22

(5)

21

9

24

17

20

21



<212> DNA
<213> Artificial

<2200
<223> Primer

<400> 19
cgtgaaaaga tgacccagat ca 22

<210> 20

211> 20

<212> DNA

<213> Artificial

220>
<223> Primer

<400> 20
cacagoctgg atggotacgt 20

<210> 21

211> 25

<212> DNA

<213> Artificial

220>
<223> Probe

<400> 21
tgagaccttc aacaccccag coatg 25

<210> 22

211> 82

<212> DNA

<213> Artificial

220>
<223> Synthetic DNA fragment of mouse actin gene

<400> 22
ccaaccgtga aaagaigacc cagatcatgt ttgagacctt caacacccca gocatgtace 60

tagecatcca ggotgtgctg tc 82

(6)



