DESCRIPTION Method for Introducing Foreign Gene into Early Embryo
of Primate Animal and Method for Producing Transgenic Primate Animal
Comprising Such Method Technical Field The present invention relates to
production of a transgenic non-human primate animal that can be used
as a human disease model apimghanshigiates to a method for introducing
a gene(s) into an early embryo of a primate animal. Background Art
Various human disease model animals have been produced using mice or
rats. By genetic manipulation, such as introduction of a gene involved in a

Method did skindaanter astorangnian Baitalrhackingioimatea’geémal and Method
homol t involved i i . like,
it b T S e

. animal can be used as a human disease model animal. However, it is
difficult to estimate the propriety of clinical application to humans based on
TechnithéFeddlts obtained using these animals, as there are anatomical,
physiological, and genetic differences between mice or rats and humans.
HEME P! B8N S8 BIPHM dRI3 sV BILRIGIRAR B gXefy FaRitEnte ROMBABIaR primate
.___.transgenic animals has been desired. Prqduction gf a transgenic
il ALt AL T st 87 SF o P81 B eI S g hod for

introdu@@nedelved {ne QQ@@%@%&@ intq Bﬂrﬁﬁfbfa%myo of a non-human
animal. Conventional methods therefor are DNA microinjection, a method

using a virus such as a lentivirus as a vector, and the like. However,
microinjection is problematic in that embryonic damage is significant and
Backgrpppgdi@fing gene transfer efficiency (see Hammer, R. E. et al. Nature 315,

6%95}%1(1]991%?%31? H%Sabs(eaenoncﬁeqeasrﬁarglst%géee . E%%Hy)cr)g&\(ée .E? ing mice Oor rats.
compensate Oor such Ineftnciency. nowever, It has eend? |cusllt %O '

By genPfRpaipaayi ORCYieR i3 ther6aseseal arinales ifamesticanimalsn i dbae into
like because of ethical and economical reasons. Accordingly, methods

a non-hgivg retinvikakeecking lvave -4 peenhcondocted for fiesto ckv@seCnamhuman
, A. W. etal,, Proc Nail Acad Sci U S.A. 95, 14028-33 (1998); Hofmann, A.
diseasceiol BRRts R H 00 TI00E 4RA 116 Lris, PECd A Biof Ropfgaskenic

nonmhu%n‘lggﬁ%c!s?Q:Qél))bt,sqg%cfngghgq?uﬂﬂﬁgJﬁggyér%xggfoﬁﬁiﬁ[gl. However, it is

difficult to estimate the propriety of clinical application to humans based on the results
obtained using these animals, as there are anatomical, physiological, and genetic
differences between mice or rats and humans. Hence, the use of primates
evolutionarily closely related to humans as transgenic animals has been desired.
Production of a transgenic non-human animal reqﬁires introduction of a foreign
gene(s) such as a gene involved in a human disease into an early embryo of a non-human
animal. Conventional methods therefor are DNA microinjection, a method using a
virus such as a lentivirus as a vector, and the like. However, microinjection is
problematic in that embryonic damage is significant and in lowering gene transfer
efficiency (see Hammer, R. E. et al. Nature 315, 680-3 (1985)). It has been necessary
to use many oocytes to compensate for such inefficiency. However, it has been difficult
to prepare many oocytes in the cases of primates, domestic animals, or the like because

of ethical and economical reasons. Accordingly, methods using retroviral vectors have
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problematic in that introduced transgenes are suppressed in the animal
body (see Chan, A. W. et al., Science 291, 309-12 (2001)). To remedy
such problems of gene suppression, lentiviral vectors have been used for
cattle and pigs (see Hofmann, A. et al. EMBO Rep 4, 1054-60 (2003);
and Hofmann, A. et al. Biol Reprod 71, 405-9 (2004)). Regardin

been cAARY. BroMICHEN bf Geherlc hebusthBhkEyS ARG Pttt B 95

e mpt ing,retroyir lentiviruse 1an, A. t
L0z e e Aoy e S2E Bl .
al. Bificatkpeid). BiA. A8,-5072603%). (20949). Hweyes, ayeiy indhe case Qbctors are

using a lentivirus, transgene expression is observed in placenta, but it
problemas neveéhicair obserdddirs pavnates (sperwoifhangidvaninet bhdrégee Chan,
Nail Acad Sci U.S.A. 98 10728-32?(|2001)). Productjon of rhesus monke¥s
A Wirhodlicedr4htman HuntigonGBRDhas Ao BB YepBffedPraRlsms LT gene

suppre%(s%]l% %z%lwir'e\llla%rc%l\"/s%a%%sdelg 1175%'(? %019 ggt’i’fe? Eagﬁgﬁ%ksggtﬁﬁﬁ?ﬁ{n A, etal

ransgene expression in- surviving neonates nor ge transmission of

EMBOtheinirodiceddransggneies deemmbsesver RIers RhesusM091KeNs04)),

and crab-eating monkeys (Macaca fascicularis) have been conventionally
uSeg @ sxperimentalmofdticran fprimagesi Hdweve m ohdses fidnkess rardaria)
problematic in that it is difficult to gbtain starter animals for the prodgftion,

has begft HTBP L MRS ETEUSE SF e O PENBRHV Fardéor thede Shifatesionce
201, 309213 (5P ARAKA NS | LHAR NCXLGLREIATRANTAR AR 4B 072832

only about 10 animals per~instance can be obtained as next-generation

(200 1)animelscAs deseribad ahoveshigh effisiency ol wanesintraduedion sxieression is
embryos has not been achieved with the use of certain mammals such as
observghlipapéarontiththel liseson certdineanibitiey sddh asanides freasshiemieang, M. . et

anjmals can be produced usi Il ever, fransgenic primate
. Pro AR A ToTeior b LU s L B e AT oy
introdud¥eNRLReaNRaAkcedUSING BICalls, FRCXaBRiS: tNRPIESENt vang et al.,
inventors have succeeded in production of marmoset ES cells (see
Naturelnterhatibhal Nateht Pubtigatisry WDREE6/0290 92 Hampindetjgdid fedpobision in
. produce -2 transgenic primates wherein germline transmission takes
SUrVIVigR QTR THINE UES TSMY ES“%B}PsS.“Meaﬁv%ﬂe{%ﬁé&ﬁ%d@%?@d%s been

observed %ng%%gal Egﬁgsrﬂisn%lti&gkfg?g gielgncl%e%g-dea%lsnagnmonkeys (Macaca fascicularis)
have been conventionally used as experimental non-human primates. However, these
monkeys are problematic in that it is difficult to obtain starter animals for the production
of model animals because of the low reproductive rates of these primates, that it takes
about 3 years to obtain next-generation animals, and that only about 10 animals per
instance can be obtained as next-generation animals. |

As described above, high efficiency of gene introduction into embryos has not
been achieved with the use of certain mammals such as primates.

With the use of certain animals such as mice, transgenic animals can be
produced using ES cells. However, transgenic primate animals wherein a foreign
transgene is transmitted to the germline could have not been produced using ES cells.
For example, the present inventors have succeeded in production of marmoset ES cells

(see International Patent Publication W02006/029093 Pamphlet), but failed to produce
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artificial insemination. technique (see JP Patent Publication (Kokai) No.

HIO-185919 A (1998)). This technique accelerates fertilization by

injecting spermatozoa into the perivitelline space, which is the space

between the vitelline membrane and the zona pellucida. In such cases,

oqcytes have been treated with a sucrose solution in advance, so as to . .
ranseEARATAE hEFRATEIESLARS. HISRARTHE, RAS iBlace chpitfsbistues using ES
artificially causing spermatozoa which have impaired ability for
penetrating the clear zone to enter the egg. For artificial insemination, an
ohjRehiGligl AR BHIGIR SPRIMAOZAORIBANIANASIAIR 0N LB used as an
introduction of a large amount of DNA into one cell is not an object. It has
artificipbtrsiovaysiberrigsbssibie (ecacHiRaahigiblerttizatiOnakae With Hhi-185919 A

method. Subsequently, this has been replaced by intracytoplasmic sperm

(1998)injectitn, WRRAIHT SRR TS SPEHTIHRELBR s SyRspISRFIAREEsiRg the

pemwtft%fgﬁg e&?\éﬁgﬂ'%‘g@ﬂ obiggt %g.&*&% RIGRRITLINYE ”98911%%01 oyideR %%ﬂethe zona

or introducing a gene into an early embryo to produce a

pelluciByMam disgasesBROdet e al WS @ na RAFN WAL SUEHRS @ advance,
marmoset. The common marmoset (Callithrix jacchus) is a kind of very

s0 as temeteNehwoHty imbhkespoetordgingtorateanthitop oidafsenlipigleséy artificially

. related to humaps. The common marmosets have advantages over large

Causmgrﬁé’ﬁk%%‘%ﬁ%éﬁp}‘r’?& Vﬁrb‘&i’@éﬁ‘\?é{n é’%ﬁéf&hf%@eﬁf‘dhagﬁéf Efﬁeéﬁ pe t enter

the egetasnandter Pacatse.eldhel YRl eics, EIERGSEN INSHIBS AV crter a
considered that if it becomes possible to produce human-disease (e.qg.,

single Rarkiasbulsindisdasaandtuntipgtonsudisensny madel snarsdseisvian object.
foreign gene introduction or disruption of a target gene, such human

It has gidealanfobepmansioBktd awirBigHiFicahih deritizatior s deleldpmarthod.

cells.

of regenerative medicine for nerves or other organs. The present . )
SubseqNor e aebrdviohely RACE e e N BOUGEIBSH B8 Cals Biion, which

involv&ROMPAN MR MAset (WAZ0084029093) and then attempted but failed in
the production of -3 transgenic common marmosets using ES cells.

Hence, the present inventors have attempted to produce transgenic
. common marmosets with other techniques, conducted basic research
Discloggradriiduiévéispmental engineering and molecular biological

ﬁ%@;&g@ 'tgﬁtt éqegﬁééee&“%{«‘;%{x QIO Of UARSIENIC COMMER method for
introducing a gene into an carly embryo to produce a human disease model animal using
a non-human primate such as a marmoset.

The common marmoset (Callithrix jacchus) is a kind of very small New World
monkey belonging to an anthropoid family closely related to humans. The common
marmosets have advantages over large monkeys in that their reproductive efficiency is
high and they can be easily handled because of their small size. The present inventors
have considered that if it becomes possible to produce human disease (e.g., Parkinson’s
disease and Huntington’s disease) model marmosets via foreign gene introduction or
disruption of a target gene, such human disease model marmosets will significantly
contribute to the development of regenerative medicine for nerves or other organs. The

present inventors have previously succeeded in production of ES cells of the common

marmoset (WO02006/029093) and then attempted but failed in the production of
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intensively examined cell preparation methods or the like for efficient
production of transgenic common marmosets. Specifically, the present
inventors have established a gene transfer method for introducing a gene
into an early embryo of a common marmoset, which is an essential
technique for production of fransgenic common marmosets. In particular, it

AnSEHRAE FREHNRBNTERTORAIR BT iFifdasd HPeidientlFatMtiddaRiAg aBave
e ejn early r f primates. succeassful production, of
cemnl QISR D 80 AL S AR, PSR LAOEO lovee
basic nexeibieeddsenoHed: ThepreserhiaveRiommasaye dissevarrddhata biological
foreign gene can be efficiently introduced into an early embryo through
techniqies ubetofra seletial dontpinihir Sucrofdérapareimtroduction ofarforeitm and then
ene into .an early embryo using a viral vector. Thus, the present

intensiy 8 SR ERTL U BIERSANED BRSSRL v G FndobrE SR arRidHption of

trans geﬁ?&@&?ﬁﬁ%ﬁeﬁ5?1%59Q%Wing [1] to [17]. [1] A method for introducing a
oreign gene into an early embryo of a non-human primate animal,

cepyeiistg deing st @ariy embiyo 10f ReRtIWREN PrivialeARkTal t&:thod for
0.2 M-0.3 M sucrose solution to perform sucrose treatment, increasing the
introduglgraczofithiatpevivitetinewpare, dinil themmiojeotargasetaiwactors an essential
. confaining a human foreign gene operably linked to a promoter into_tqﬂe

fechnigiE mateRine St Ut tHE ey e AR 12T HRB Hifdthod AABHARG o s been
conventYBIRIRN AVt AL PRKbiLeing ARAGE A NG, SAIN.BIN Bene into an

increaSed by sucrose treatment to 1.2- to 8-fold the volume of the Same

carly digfore sucresedieatmestddsing pesdactaecasdingieddhivwhaiainthiethrough
_ foreign gene in an amount 1.2- to 8-fold the amount of the foreign gene
introdughigncan binjretekbinidian damsenibisiotssntreatsttdith Tgcpsseely inventors

e oSSR ER b0 [ e etioh scpotng ogh ol o,
througPAROIAING 9 anviene Qfldliteddk whare i theivkahveaior l?f%efgfé%}\ Fam into
the group consisting of a lentiviral vector, an adenoviral vector, and an
an earl pdemosasseo@edwirdl vedtor. Thus, the present inventors have completed the

present invention.

The present invention encompasses the following [1] to [17].
{11 A method for introducing a foreign gene into an early embryo of a non-human
primate animal, comprising adding an early embryo of a non-human primate animal to a
0.2 M-0.3 M sucrose solution to perform sucrose treatment, increasing the volume of the
perivitelline space, and then injecting a viral vector containing a human foreign gene
operably linked to a promoter into the perivitelline space of the early embryo.
[2] The method according to [1], wherein the volume of the perivitelline space of the
early embryo is increased by sucrose treatment to 1.2- to 8-fold the volume of the same
before sucrose treatment.
[3] The method according to [1], wherein the foreign gene in an amount 1.2- to 8-fold
the amount of the foreign gene that can be injected into an early embryo not treated with

sucrose 1s injected into an early embryo.

[4] The method according to any one of [1] to [3], wherein the primate animal is a
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[6] The method according to [5], wherein the viral vector is a lentiviral
vector. [7] The method according to any one of [1] to [6], wherein the early
embryo is a preimplantation embryo between the pronuclear stage and
the morula stage that is obtained by natural mating. [8] The method
according to any one of [1] to [6], wherein the early embryo is an embryo
marmopgiween the pronuclear stage and the morula stage that is obtained by

tificial | i ination. [9] Th hod ding t 1e of [1] to [8
151 T TR S A Vet 1Y IGchiat Al G ARG TR 8 ¢ 508 Crgtered
from the %AAn CEL Qe embyo, (1044 mathod far produging & faNS@eNE, and an

non-human primate animal in which a foreign gene can be transmitted to
adeno-#hecganmading; avhichogomprises introducing a foreign gene into an early
embryo by the method according to any one of [1] to [9], implanting the

[6] Theamgthedrissy Eovtbimint HefsHaigir gerd ebuusSd eRBRERfinRF L

surrogate mother, and then develaping the embryo. [11] The method.for .
7) Th, B SR Len Rn-AOah phimiie et g oo is 2
preimpl’é{ﬁﬁefﬁ%t@nfﬁrﬁgB&%@ﬂstﬁ&%gdﬁ}!@éﬁe@ﬁg@ han digeases [1bENgat is

method for producing a transgenic non-human primate animal according
obtainetd p¥Hatwiabraimithye gene involved in a human disease is a mutant
a-synuclein gene that is a causative gene for human Parkinson's disease,

[8] Themackhathicrridimgtih @éﬁ@%ﬁa@fs[é?daué%v@%ﬁ@f&%%éﬁ embryo is an

) Hlyqtin ton,s disease and the hur@@g diseaﬁe mode{ r%'mat anirﬂaé iSa... .
emblyoh eLw i en}%ronuc edr stage ar g morula stagle at,1s obtdined by attificial
uman Parkinson's disease"model primate animal or a human

insemidddatington's disease model primate animal. [13] The method for
producing a transgenic non-human primate animal according to [11],

(9] Thewhetlzid the fodeignigeng isasegd fdrtkr8ikingeotinahentelencigs is injected at
non-human primate animal orthologue gene of a human gene involved in

a titer i3ngingaHitdade dRd Hdiansdenit? -égﬁyrpﬁa AR Bfimate animal is a
[10] A H{é%%?i %‘?ﬁﬁﬁ@%ﬂ%‘?ﬁg E@é’%@ﬁ%ﬁ%ﬁﬁ%ﬁ%ﬂ% A HANSIeRG DM aLL.: on

animal, Is produce ing to any one of [11]to
gene cdd 3k wheyeintadoseian deansgenehas gempiie i ansndission abdidighlbéAe into

transgenic primate animal, wherein a mutant human a-synuclein gene that
an earlygambryo by the method according to any one of {1] to [9], implanting the early
embryo containing the foreign gene introduced therein into a surrogate mother, and then
developing the embryo.
[11] The method for producing a transgenic non-human primate animal according to [10],
wherein the foreign gene is a gene involved in a human disease.
[12] The method for producing a transgenic non-human primate animal according to {11},
wherein the gene involved in a human disease is a mutant oa-syﬁuclein gene that 1s a
causative gene for human Parkinson’s disease or a mutant Huntington gene that is a
causative gene for human Huntington’s disease and the human disease model primate
animal is a human Parkinson’s disease model primate animal or a human Huntington’s
disease model primate animal.
[13] The method for producing a transgenic non-human primate animal according to {11},

wherein the foreign gene is used for knocking out an endogenous non-human primate

animal orthologue gene of a human gene involved in a human disease and the transgenic
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causative gene for human Parkinson's disease or a mutant human
Huntington gene that is a causative gene for human Huntington's disease
is introduced thereinto and the gene is transmitted to the germline. [16]
The transgenic primate animal according to [15], which. is a human
Parkinson's disease model primate animal or a human Huntington's
non-hugigegeenpabilenprishaser awinma. df$73sThaadahsgenic primaite atnianainal.
according to [15] or [16], wherein the primate animal is a marmoset. This

[14] A o085 REPRETEES USRS o P e TP CoPTe e SRR R HibhE to any one
of{l1]%@‘1’1%*}}(1%8%"}}‘}’_‘5‘9&%{ Apanese b ﬁ‘£§’ge'°}ﬂﬁ'ﬁ%a§ﬁ8f?sl¥?ss¥919§b%? 55,

which 15 the basis of thé priority claim of this application. Briet Description
[15] AatdhedLnawingsdiigadilsa, seheraatic viewsshowingihe sutlioref dene that is a
method for injecting a viral vector into a perivitelline space. Fig. 2 shows
causatigh @@ dhowingaeninbssimimdiiately affemnjectibnadaNiratingetogene that is
solution in a 0.25 M sucrose solution or M2 mediym. Fig. 3 shows photos .
& Causa ARGt HbRISEBh G4y E S D3 SFIS S HHE? Hf@&igwle?ﬁné%% Jacigene i

transm BIHtQHIA Qe?rgﬁ%l. sucrose solution or M2 medium. Fig. 4 shows photos
showing thé results of Southern blot analyses for samples extracted from

[16] THRedibrghlasisphlaet andmplaceniag of ttaMIgeNiwiceMiROn MannoIeifinson’s
Fig. 5 shows photos of transgenic common marmosets that have been
diseasegppsletipflBalciisptord s Siswing ECRR e stinptionie deé Hamatsorsimal.
blood, and. placentae of transgenjc com marmosets. Fig, 7 shows .
1) TGRS SEHO RS B ESSIBA T e bk oF AT gL ete animal
is a maF@UBoNn marmosets. Fig. 8 shows photos showing EGFP expression in
the ears of transgenic common marmosets. Fig. 9 shows photos showing
EGFP expression in the hair roots of transgenic common marmosets. Fig.
10 shows the results of FACS analysis for the peripheral blood of
trghgsg@c?ﬁgrip{ien hereby incorporates the entire content of the description and/or
the drawings of Japanese Patent Application No. 2008-017955, which is the basis of the

priority claim of this application.

Brief Description of the Drawings

Fig. 1 is a schematic view showing the outline of a method for injecting a viral
vector into a perivitelline space.

Fig. 2 shows photos showing embryos immediately after injection of a viral
vector solution in a 0.25 M sucrose solution or M2 medium.

Fig. 3 shows photos showing embryos on days 2.5, 3.5, and 8.5 after injection of
a viral vector solution in a 0.25 M sucrose solution or M2 medium.

 Fig. 4 shows photos showing the results of Southern blot analyses for samples

extracted from the fibroblasts, blood, and placentae of transgenic common marmosets.

Fig. 5 shows photos of transgenic common marmosets that have been born.

Fig. 6 shows photos showing EGFP transcription in the hair roots, blood, and
placentae of transgenic common marmosets.

Fig. 7 shows photos showing EGFP expression in the placentae of transgenic
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common marmosets. Fig. 11 shows photos showing the results of

RT-PCR analysis for swim-up spermatozoa and IVF embryos from #666

and natural embryos from #584 and wild-type animals. Fig. 12 shows

photos showing bright fields and dark fields of epifluorescent microscopic

analysis for IVF embryos. Fig. 13 shows the structure of a lentiviral vector
commenmamingasnutant a-synuclein gene. Fig. 14 shows photos showing in

vitro fertilization (A) and the thus developed morulae (B and C). Fig. 15

sHO&sHIBGES OB pardnaiO TasevRI iR B dhtets miak@aganig, cognmon
sh9ws photos showing the results of RT-PCR for root hair samples from

A sbtained offspring. Fig. 17 is a photo of obtained human Parkinson's

disease QAR MO Marpaseise Bestdads for Garning:S4s Be ransgenic

Invention The present invention will be explained in detail as follows.
commddarmosetsisuch as the common marmoset (Callithrixjacchus), which is a
kind of New World monkey, are very small anthropoid monkeys closely

refated fosharrars TRAaHROSEHS havimigted veshedirineeettioondythiiansgenic

comm lar %{pn%ryé%/s and can be easily handled because of their small size.
?\ﬂoreover, marmosets have a short gestation period (about 144 days) and

regich sexuabmatyHywithia ¢2:d S eopths«FePatgpernasstssiv’ RAVewdm-up
to 3 offspring per delivery and have 40 to 80 offspring throughout their life.
spermatrnanitisEas e modelsanimmeais; 06hiod areuprineatbraninfalsstitRdasnd wild-type
. marmosets, can be obtained by: introducing an orthologue gene of a
animalgrimate animal corresponding to a human gene involved in a human

diggase oL eng.l %} eg il g human disease 1ip;2 BEmaly
11 C : 1
animal anaﬁt%en augl)nggﬁ(l%%- éver%gprese%%?laoﬁ the 1rprotlel?n OE such oreseEn
microseapRatiNg g€ PIKRQGKg AUt such an orthologue gene of a primate
animal or knocking in a human gene involved in a human disease.

Fig. 13 shows the structure of a lentiviral vector containing a mutant
o-synuclein gene.

Fig. 14 shows photos showing in vitro fertilization (A) and the thus developed
morulae (B and C).

Fig. 15 shows the results of a parentage test using microsatellite markers.

Fig. 16 shows photos showing the results of RT-PCR for root hair samples from
the obtained offspring.

Fig. 17 is a photo of obtained human Parkinson’s disease model common

marmaosets.

Best Mode for Carrying Out the Invention

The present invention will be explained in detail as follows.

Marmosets such as the common marmoset (Callithrix jacchus), which is a kind
of New World monkey, are very small anthropoid monkeys closely related to humans.
Marmosets have higher reproductive efficiency than large monkeys and can be easily
handled because of their small size. Moreover, marmosets have a short gestation period

(about 144 days) and reach sexual maturity within 12-18 months. Female marmosets
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Examples of such human disease include Parkinson's disease and

Huntington's disease. Parkinson's disease model animals can be

produced by introducing a mutant a-synuclein gene into primate animals.

The nucleotide sequence of a human wild-type a-synuclein gene is

shown in SEQ ID NO: 16 and the amino acid sequence of an a-Synuclein
have ZproteinfspshanwreindSE@iDaNOhdve. TherfOtaffspesyntivieiglgerealisialife.

causative gene of human Parkinson's disease, in. which the nucleotide

seduensedigeaye ranyirlgrennlpubibisidar e SRS PHBED $BcR@s Teirmosets,

can beV\(l)%lgafiln%%rgﬁ{'S: pltg 'JI%%&%%E? Qzllngrﬁlto O%Ig%%n%oé {"Zamru&%ta 9 atzgi_eca%'c%%bg Cda%’;dan gto
or ccdg, So tnat alanine position ofthé” a- ucliein protein 1Is mutate

a hum$@ BEINE-AISeSuch RN aSYRUGeIn 8808 S characierizad imibaiihasease

nucleotide sequence (gca) ranging from nucleotide 170 to 172 of SEQ ID
into aN@niBe vehichatcanelsplorrd s dosataninglal pasditiorp&3sismmufated pocdew, of such
ace, aca, or acg, so that alanine at position 53 of the a-Synuclein protein

causatiy¢ngeaed 16 IEBKIAS. ARHIFEBY kR MIMAEER, EeRfuRht@RENHNRIGRImal or

has.nucllleotide mutation% in I.udiqgl subsdtjtution of alanine at position 30 of
knocklt%% i g himgn gene involved g Muman disedse, : g
a-synucleir”protein with proline and substitution of alanine at position

53ehthe sagesvih tiiganinavuih (rsheet 1A HiBRE MAdYREd Huntington’s
a-synuclein gene, is referred to as a mutant human a-synuclein gene

discascausimdri ankinsbnis diseadel Bomsiamplehinthelnusiebtidetsafiuenger mutant
shown in SEQ ID NO: 16, "g" at position 101 js mutated to "c¢" and "g" at

c-synydeifiohe iy ANQ ATERE 18Rl sd heaYs ERHRSIBFAGR IRTR froRaR wild-type
comprises the amino aci hawn_in ID .NO:; 17,i iC :

sy T e b 4hs 52 b a0 Sl of an

o-Syniiiéaiest RcihreonNSS ERIBND 38D When airimatéaniiahifRin gene is a
marmoset, whereas a nucleotide sequence ranging from nucleotide 170
causatigengefeotifl durothginsmen d8eeid-typevaishniicleindesiedis sggaciae (gea)

._the nucleotide sequence shown in SEQ ID.NO; 16, .the same of : ,
ranging S B ok LBy U R M e R i almine at
positidl 1 WIdtyRR-Masmeset. g SYpClain pIoteinSIeANiNe aVBSIRAMI® of the

same of the wild-type himan a-Synuclein protein is alanine. Therefore,
a-Synikéetauiantdinmannatsigdualein priatein islidentical tatproteinimwiich gene is
alanine atéﬁé)sition 30 of a wild-type marmoset a-Synuclein protein is

characifitiggédndhprdhinBuplpcsidenmpie ot hegmre e syh ioeimgenetikylidhée 172 of
SEQ IBW?G(SZ arfé? %\fi&té dc%%?gs;i)%tﬁ)dg %ug?efanQHFéaar %)nossqggndﬁ??ss 1enutated to acu, acc, aca,
or acg, so that alanine at position 53 of the a-Synuclein protein is mutated to threonine.
In the present invention, a mutant gene, which has nucleotide mutations including
substitution of alanine at position 30 of the a-synuclein protein with proline and
substitution of alanine at position 53 of the same with threonine with respect to a human
wild-type a-synuclein gene, is referred to as a mutant human a-synuclein gene causing
Parkinson’s disease. For example, in the nucleotide sequence shown in SEQ ID NO: 16,
“g” at position 101 is mutated to “¢” and “g” at position 170 is mutated to “a.” Also,
such mutant a-Synuclein protein comprises the amino acid sequence shown in SEQ 1D
NO: 17 in which alanine at position 30 is mutated to proline and alanine at position 53 is

mutated to threonine (SEQ ID NO: 18). When a primate animal is a marmoset, whereas

a nucleotide sequence ranging from nucleotide 170 to nucleotide 172 of the human
-8 -



model marmoset is shown in SEQ ID NO: 19. In the nucleotide sequence
of SEQ ID NO: 19, not only the nucleotide sequence ("gca" is mutated to
"ccc") corresponding to alanine at position 30 of an a-Synuclein protein,
but also the nucleotide sequence corresponding to glycine at position 31
is mutated with respect to a wild-type gene ('gga" is mutated to "ggg").
wild-tyideweseryd shutstion in' toe nuctbotide seqde nceuanreespondingSid(GReiNe: 16,
at position 31 causes no amino acid substitution. This mutation is due to.
the samg O hagRdiB Bt 4 dhiscHes 18F IinER G Bh e Selectidf  spadiehiy siken 53
of the RSIERIe Seduence cancsponding, (o aming, Acids 3049, 3LIs £6099%,59¢ the
that a iew recognlctlon sgquence 8 e sequence not exis Ing in the

wild-tyyHd yRehiok & yesHISHO NHeeYMe SR diik Producadrd/ponButattant human
selection, clones that are digested by Sina I, in which a mutation of

o-Syniinterespivhs besniitntidated, wilbbe®asily sdiécted!thnough seleiction 8 of a
clones. For example, human Parkinson's disease model primate animals

wild-typreai@nting the - SyRISISRPB RlamPRKmEO RO ik ase e BRI RRgy Hant
by introducing a DNA,,comprising.the nucleotide sequence shqwn in SE ”

sy SR T o 6, RS PRI 3R

model BRIpHORetA sUhsHHtiaNs BRAMAdditionof aneler seVRIRIdRULgRtEes WIkEQ ID
respect to the nucleotide sequence shown in SEQ ID NO: 19 into primate

NO: 1%nintats] Fldwe nidaetide" orpgonse(égal” refensitg ddttos quateratyspeoding to
and 1 to 3, further preferably 1 or 2, and particularly preferabl

. ) 1.
alaninep g RGRHTHS, DN ATh A SR SO D ETPEBHUEEH PR haR s i8kde ospaence

corresp%'hmﬁéet@rglfféﬁ@ya?ﬁ%’s%éﬂog% ggr gfatg@fﬁzﬂtﬁgeagg?to{qnﬁor\ﬁﬂﬁf{?’pe gene

particularly preferably"99% or more identity wi ucleotide sequence
(“gga’ showmbat&E Qi D‘NEI 1.9 aslealeulated usin@BIAST (@9. nwildhide -Seifence

of default; that is, initial set parameters) or the like; and can cause a
correspafifiate Hhiglakrins phéspeatithisyrhptenis ofumaP afkidsonlsstiséiase  This

when i%troduce%into the animal. Moreover, a DNA that can be introduigéjtion

mutati Qe &in Abrithze8°urRIEy iriRget chnttfisRe i the! RlcHBBIRE sbtfiferit
SpecifiehOWRHE RERIRNIQ AR AULEH GIRER RIMAIR ARLRRIIO PresENtbEe, so

symptoms of human Parkinson's disease when introduced into the animal.
that a HeNxe,rehegehimﬁsﬁ@qgenteo(mﬂ&iqaqﬁmﬁer&m thel comgifionsdesddbgddn for a
restrici@éﬁ?%@i@aﬂé?ﬁ@%&%glonIIango:nAnlfua‘lcgg’[e}s?lre%t%?l?%?é’n%se%a}c/glél’digested
by Sma I, in which a mutation of interest has been introduced, will be easily selected
through selection of clones.

For example, human Parkinson’s disecase model primate animals presenting the
symptoms of human Parkinson’s disease can be obtained by introducing a DNA
comprising the nucleotide sequence shown in SEQ ID NO: 19 or a DNA comprising a
nucleotide sequence that has a deletion, a substitution, or an addition of one or several
nucleotides with respect to the nucleotide sequence shown in SEQ ID NO: 19 into
primate animals. Here, the term “one or several” refers to 1 to 5, preferably I to 4, and
1 to 3, further preferably 1 or 2, and particularly preferably 1. Furthermore, a DNA that
can also be introduced herein has at least 95% or more, preferably 97% or more, further

preferably 98% or more, and particularly preferably 99% or more identity with the

nucleotide sequence shown in SEQ ID NO: 19 as calculated using BLAST (e.g., with the
-9.



Harbor Laboratory Press, (1989), for example. According to Sambrook et
al., such conditions are overnight hybridization conditions of about 55C,
and 5 x SSC using a pre-washing solution (5 x SSC, 0.5% SDS, and 1.0
mM EDTA (pH 8.0)), for example. Also, hybridization that is performed at
an even higher temperature and washing are also included in such
use of gofitionbalaisthiv timhe cthetemperaturethndiiise sadt concentratipniofatg animal
washing solution can be appropriately adjusted depending on various

10 Preseil S SURR'ALIHE [EHBIMS GH PHOBELS Foaxanmpre thdittshs ois Liegemal.
Moreoﬁéxj,egﬁ?\ﬂg %‘%‘Pc%m&%'lﬁ{roccﬁﬂgg &%%E?lp ngrpcﬁ&ee@ qu%?Qtﬁiﬁg%}ﬁ@onditions fo

uman a-synucleln gene Is Intr INto a primate animal,

the nuéBaR¥UElRImPENs that inm wBMally mesant imdhe-priaate anpmala0dihal to
mutant human a-synuclein gene coexist within the thus obtained

presentrisgenipt privh ate laniraal PIte nexpiredsionsprodhect oftthdunedaint huhsagnimal.
-synuclein gene causes, the development of the . symptoms of huma
Here, t%%lylg

: $ uman
Mo S YRS HH LA oFF TSE SRS T & AR HG W EIERPGENE TRETRE 0K ot

i e _ p | t |
o A e o P R i

Harboraluptingignsr-eiseqse snpdalpemaiglanimel eadibe produeaddik et al., such
introducing a mutant in which a repeating sequence of CAG sequence
conditipmiging frommizhtoh Bnedis pieserntidithent stfexonidfid Hunvad BunthStonsing a
ene (HTT.gene) infg a primate,_animal. Through introduction of a
pre-wve et R IOF St OPCArS LRGeS i 3 i HAICE AR thefor example.
Also, ht}@ﬂﬁg%iﬁrpﬂ{gﬁg ﬁé}lm&h\é‘ﬁl 'a‘?%}éeé%?n%‘@{’é%ﬁ%&%@@@%ﬁ Wa@]ﬁng are also
above human disease. For example, in the case of a Parkinson's diséase
includethodeliprimatdianimal, A1hiswilhdevigiapsysptorasisdchasittemarentration of

akinesia, muscle rigidity, impairment of postural reflexes, and dopamine
a washiubreA4EeIrcABIYE RRIEORTAIALY fslBsied Arandingam pingho wadaqiptasuch as

case of Huntington's disease, ani f&Js Willgl vel ymptoms z?n : ‘
the lengfii of BTSS! degas LRI GrkeR HOAIBEeS, Sy TR T Sbribara: higher
can be e RYTPIRMS:Pf epilepsy. Depending on the disease_, it can take time for

the animal to develop such symptoms. In the present invention, a

trafisgenioprimatbranamal produded Renntrodutinduachusativepgenge animal,

which is in a state of not yet presenting such symptoms, is
ano-synuclein gene that is originally present in the primate animal and the mutant human
o~synuclein gene coexist within the thus obtained transgenic primate animal. The
expression product of the mutant human a-synuclein gene causes the development of the
symptoms of human Parkinson’s disease. In addition, at this time, an a-synuclein gene
that is originally present in a primate animal can be substituted with a mutant human
a-synuclein gene by homologous recombination or the like.

Also, a Huntington’s disease model primate animal can be produced by
introducing a mutant in which a repeating sequence of CAG sequence ranging from 37 to
876 is present in the 1* exon of a human huntington gene (HTT gene) into a primate
animal.

Through introduction of a causative gene for such human disease info a primate

animal, the transgenic primate animal will develop pathological conditions of the above

human disease. For example, in the case of a Parkinson’s disease model primate animal,
- 10 -



also referred to as a disease model animal. In the transgenic primate
animal of the present invention, a transgene that is a foreign gene
introduced therein is transmitted to the germline and then inherited to
offspring via the germline. Specifically, the transgenic primate animal of
the present invention has germline transmission ability, so that transgene
it will etprebgionyimpbsesvedcin its offspringrhincthe offspriang of tiipamgiseaset of
model primate animals can also he used as human disease model

postural Heflgxesniphd| S CBUHIM A ERsRISE I eS8 ot Met By seuitatrgrs after

... germ cells (eqg or.sperm) from aprimary transgenic primate animal
St A B e AT NG RETAh S poch s

shrunkéievalaping Sedilized gaasqanth then-detoating the P esapres Lkl symptoms of
transgene, for example. A transgenic primate animal is produced via the

epilepsfolloling steps. chhdrefdre; dtehecomesapodsibie finr efficiemtiyaproddegelop such
transgenic primate animals only when each of the following steps is

SYmPpLogiimizBd HHd #HESRipd BYE b orthed AAESMBInitH: tayhigtep sroduced by

introduSRLESING, NG Lecovering fertlized eags of & r.'y%%a}??e%‘”h@{%" Srmss?gxg Og ms, is
colfecting Untertiized eggs and performing in vitro fertilization there Qcﬁ

also re@stePiohparfneiag gensticamanipulation via introduction of a foreign
gene into early embryos; (c) a step of preserving fertilized eggs or early

emibhoéeangefdy asoptofamplahtifigheape smbiyesititofeniale spématéat is a
surrogate mothers to cause development thereof. The order of the above

foreignspane iREHPAEAtEFERE the SR80S (A5 o'ty dr 2B ity A pEMEdtyHed to
offspriﬁ’\gi%&r(éﬁé' g%ﬁrlﬂ%’é‘?i”a§ %Ei@@ﬁ%?%stﬂgs 9&@%}?}“}{&?@ %(fﬂ %(f] g.fi%ayresent

armosets belonging to primatés are mainfy used as examples in't
inventifallawgng explanatasmisawe ekl ie ethodsat ibaeepesisidventionsareed in
. applicable to mammals with the small volumes of perivitelline spaces of
its offsprapy erdoiyosSnechnas bitsnpridiatesconedelar(n)aSiapiotdsiksctiago be used
unfertilized e of marmosets Unfertilized eqgs can be collected by
= by B VB & AR Get AT ERAATAIE BY 3 e FB foreonfmmed by

collectipmlating:ovaries s 3,methad thakinvolves AdmINSietiPthic primate animal,
fertilizing thereof with germ cells collected from a normal primate animal, developing
fertilized eggs, and then detecting the presence of the transgene, for example.

A transgenic primate animal is produced via the following steps. Therefore, it
becomes possible to efficiently produce transgenic primate animals only when each of
the following steps is optimized and the steps are performed in combination:

(a) a step of collecting and recovering fertilized eggs of a primate animal, or a step of
collecting unfertilized eggs and performing in vifro fertilization thereof;

(b) a step of performing genetic manipulation via introduction of a foreign gene into
garly embryos;

{c) a step of preserving fertilized eggs or early embryos; and

(d) a step of implanting early embryos into female primate surrogate mothers to cause
development thereof.

The order of the above steps is complicated and the steps (a) to (d) are not

always performed in this order.
- 11-



follicle stimulating hormone (FSH) to a sexually mature female marmoset

and then administering chorionic gonadotropin. (CG). As FSH and CG,
marmoset FSH and CG can be used and FSH and CG of species

belonging to other primates including humans can also be used. Also,

natural hormones may also be used and recombinant hormones may also

b erseenfisviethosteattrforabtasaprenis urdestrdsdmbinadatFSH (HASI)osets

or CG (hCG) can be praperly used. The congentration of FSH to be
belongin g fRiharEd iingEs %‘rﬂ?ﬁobs /rﬁFtc?}i@BBfﬁJ/ﬁﬂ B rePARY Mn gaelanation.

Howevglo %&Qx?el%r&g 53 ?k?’eo ol ﬁﬁ%a@f&*ﬁ%&ﬁﬁiﬁﬁé@&é%‘&%ﬁﬁ‘m 100 (M mart

500 IU/ml. The dose of FSH ranges from" 10 IU/animal to 100

volumelwar;uémahtl%&hj@%m@@mly adiviRisicrediok 6 itel préaysespretarably
for 7 to 15 days, more preferably for 8 to 15 days, further more preferably

(1) Stepor! 9abersi gy fenidivadtrgsmbragsreseeably for 10 to 15 days and
particularly preferably for 1 days. arding the rout
D20, T Gl A TN e e LR S A GRSt An
examplBUPILISIRIEA £\ Say ALiNg e ADOYE REHOG, TGS ﬁ%i@'@geﬁ&ﬂ- RRring

concentration of CG to be administered ranges from 100 IU/ml to 1000

folliclel imlupreferablyriang e Bam (b0Q 14 akioy 70 iz anatkfuith@oset and then
preferably ranges from 100 IU/ml to 500 IU/ml. The dose of CG ranges
admlniﬁwwl@rmmagwarmrqmmﬁ@@] Atber larirhisnstiafiornermesst E6Hsand CG

7,10 21 b| 10to 15d d further
can b SEEHL A O 1 Gay, egiocig ALRE 51 St el ing humans
can alsd"HaTCUla RYMINIFHIAUIRRIR RESFEIES 1A b2 IRACa MG RIARY: 2% ERANones

further preferably 21 or 22 hours after CG administration, follicular
may al@obytescdre dallecteds fFallicdlar daeytescaarbeenllectedtiyant ZSH (hFSH) or
aspiration using surgical operation techniques, for example. (2) In vitro

CG (hGiHtaratba WT@CW@mféﬂ?ﬁz%“@@@% ONeticiSEbiyths atmaniifisd fomees
from 138 Vﬁﬁmlilqur% (5%(? i ra daP/ era rreall‘%rabl 01¥1e{6@qﬂpmq1?o "‘}% IU/ml, and
urarlliL orFof o%y%es

approprlate for ma prim SO as'to cause In' Vitro

further MAWEAHON (AN DAY ﬁ*@lﬁ‘@d@l@lﬁ}pﬁ)uﬁw foy:ify Vitrop@atatekS H ranges from
Waymouth medium (Invitrogen), IVM medium (Medicult), or the like can

10 U/ dpargskth VM détinmals déSikhbie dnntiswoosiheéminigoniziderefopmeéntdays,
pxeferab?;[refglftgrt!)n VSitrd%}ff%,r ttill'ilfz)?g%?éf-gpﬁ)}y for § to 15 days, further more preferably for
9 to 15 days, even further more preferably for 10 to 15 days, and particularly preferably
for 10 or 11 days. Regarding the route of administration, intramuscular administration
is preferred. |

After FSH is administered every day during the above period, CG is
administered. The concentration of CG to be administered ranges from 100 IU/m! to
1000 TU/ml, preferably ranges from 100 IU/ml to 750 IU/ml, and further preferably
ranges from 100 IU/ml to 500 [U/ml.  The dose of CG ranges from 10 IU/animal fo 100
[U/animal.  After administration of FSH, CG is administered for 7 to 21 days,
preferably for 10 to 15 days, and further preferably for 12 days. Regarding the route of
administration, intramuscular administration is preferred.

At 15 to 30, preferably 20 to 25, further preferably 21 or 22 hours after CG

administration, follicular oocytes are coliected. Follicular oocytes can be collected by
212 -



thus obtained mature oocytes are fertilized with spermatozoa by in vitro
fertilization. Fertilized eggs are cultured in ISM1 medium or ISM2
medium, so as to cause the eggs to develop into early embryos. Here,
the term "early embryo" refers to an embryo between the pronuclear
stage and the blastocyst stage. To produce a transgenic marmoset

aspiratiiorougjh grivogivelion ohtidoreigmypre, émbrasietween the pronuclear
stage (the PN stage to the 2PN stage) and the morula stage are

(2) In Giesemagrdrpriserlisibn orfeaiiet e84y embryos The thus obtained
marm e ryo cryopreserved. if necessary. At this time, a ..
P B L S e B oo

overni Z%d ORGP YRR glveel As RRiYEMdIimalgopeh fes marmmalian garly cause in

embryos or mammalian ES cells (JP Patent Publication (Kokai) No.
vitro 1207208003 M)is preferablyusedbd hsadtrfficationigelutiviuisition, Waymouth
phgosphate buffer-based preservative solution. Examples of such

mediurg Qayitarrn Lol \idnisciie PELocebare by kading dsrdssiene giytaredium
is deshtgb%”i‘mr‘{é‘%f' 6’1“8?@0@%%9& ‘Srd({’x%lérsc%]‘%ﬁﬁ%%ﬁ%@%f% r(?yf%l (i%%ion. The

propylene glycol, ethylene glycol, Pe registered trademar

thus obuchegenaRBlodR R ispeepatad by adeing-efmvovbiotkp¥h (Vivh fertilization.
preferably 10% (v/v) to 15% (v/v), and particularly preferably 10% (v/v)

FertilizgrbpytsrisglydbinedPB IS Kb on rite 9 1id Prép aredity, addintps5meeBacegs to
devel 159%(viv), preferably 10% (v/v) t_? 15%(v/v), and particularly preferably
eve OI?LO’%T%VMTEFO TIBRE Hycol 2506 (VT8 3595 ¢/5)R Préferdishy 098 (tft)embryo

betweeﬁtk%lgnﬁrgmga}S%a V)19 23% (»‘fé‘éko@{ﬁie@%? %.ZO%O(V#\Q)E@JQOQ transgenic

(registered trademark), and 0.2 M to 0.5'M, and preferably 0.3 M sucrose
marmotetRBhudaimoset sasly ogrbsyos arg:ipmensedosn tbaded o My ificatianear stage
solution for 1 to 20 minutes, preferably 3 -13 to 15 minutes, and further
(the PNy piqepaiolfis t0PDD sifigenasdipmaeisle slagaperriamed - at room
'@Qgg%turfe n(122C t% gS(IZ . S}lljl sequently, embryos pre-treated by

te
3) Pmlsr%mersmro\ areatoed With fhe i vitrification solution into a

cryRPiRse HRtAR ubaandthencooladiass dazens piserendsrio.seneral

minutes, preferably 30 seconds to 2 minutes, and further preferably 1
miviutiel ettt 025 6h capdh preter fbly tatsOC VBulisegitently] wimbryosritaiftg only
are placed in a PEPeS vitrification solution and then frozen at a low

10% (Yerhjerhtire V10 Br mswer crhe i ¥y prekivkel Lok, wapRypisan early
embry S EAELATIONOVE IPTIP Patent Publication (Kokai) No. 2007-105013 A) is

preferably used. The vitrification solution is a phosphate buffer-based preservative
solution. Examples of such preservative solution include PB10 prepared by adding
propylene glycol to a modified phosphate buffer (PB1) and PEPeS prepared by adding
propylene glycol, ethylene glycol, Percoll (registered trademark), and sucrose to PB1.
P10 is prepared by adding 5% (v/v) to 15% (v/v), preferably 10% (v/v) to 15% (v/v), and
particularly preferably 10% (v/v) propylene glycol to PB1. Also, PEPeS is prepared by
adding 5% (v/v) to 15%(v/v), preferably 10% (v/v) to 15%(v/v), and particularly
preferably 10% (v/v) propylene glycol, 25% (v/v) to 35% (v/v), preferably 30% (v/v)
ethylene glycol, 15% (v/v) to 25% (v/v), preferably 20% (v/v) Percoll (registered
trademark), and 0.2 M to 0.5 M, and preferably 0.3 M sucrose to PB1. Marmoset early

embryos are immersed in the P10 vitrification soiution for 1 to 20 minutes, preferably 3
-13 -



example, a frozen tube containing frozen embryos is removed from liquid
nitrogen and placed at room temperature for 10 seconds to 60 seconds,
and preferably for about 30 seconds. Then a solution for thawing in an
amount 5 to 10 times the content in the tube, which is kept at room
temperature, is then injected for thawing. Subsequently, embryos are

to 15 wiasihed, with thelsolytiefefabhawing O Suiehselution fosiiewingyis Ok formed at
limited, and a solution prepared by adding 0.2 M to 0.5 M and preferably
room R MIHIo$eAd the abdve BRwavisediHoosxampleated) by immersion are

T f i f s ly.emb b il ipulagi
added g I CAT AL B O EIAG &ERd Re O papooled for
dozengqm l@c&h%ﬁat%es'ék‘;&él'ﬂﬁ'i{{}%%‘?tp‘?@ﬂ)fa%ﬁ%bw s%'égﬂgg lﬂﬂ@ %tiﬂ@es, and further

orthologue gene of a human gene (involved in a human disease) in a

prefermaymioseinirethe presentsinyveantion@ferarmaget tato Vihishegiamansgensgos in
has been introduced and a marmoset in which a gene has been knocked

P10 aguplaredete adtERrasvitangéie mariosers] Gendsaeecbeintrsdudea perature of
.. genes to be knocked out are determined depending on disease type

196" R e N T SRCATA USELSe B AORAES e pend hayys: Lot

examﬂga%MR%W%@MH%Q‘%‘%&PE%‘B W& 9806 AldNe P VAN IRRERYn and

omologous recombination or the like. Gene introduction and gene
placedkndbckont cankeatareedold by dnalyngeietia engineetipgteckiligdes.aBout 30
DNA to be introduced into a marmoset is ligated to a promoter that can be

secon@yprddSatin st BeIrs e amp RR oI AptEHiates thateaiepkin the tube,

. . expressed include mammalian, cell-derived promoters such.as a C
i OFRTABIES 5§ PR MO SRHBEIASARE ALy e ey os

are wARIAR RN R QIONGANOR FARIRNHY) Promates Rt 1 LS RO S SHER, and
as a cytomegalovirus (CMV) promoter, a simian virus 40 (SV40)

a solupronpoterraddycaddispfombtdn &. pdtyentbyirfepidmobtdiyandane (o the above
adenovirus promoter. Among these promoters, a CAG promoter and a
BPT by PiofhdfrS@Biéferred. Also, an enhancer that enhances gene

(4) TeEKRRION 37 Ellg%%%lér? %%%fgtﬁegq ﬁ}%@?ﬂ ro%%%%w}{l%mct%ggiiy vector

promoter are opera nin Into

mayefee ¢1seshRIRINAS 10 BgASdt SANHRAHES dhMive XRIesSHHeRIoba in a human
transgene in an animal. A vector in which a promoter is integrated in
diseasgdpihGemaay assd valisen areipr lgogking out an orthologue gene of a human

gene (involved in a human disease) in a marmoset. In the present invention, a
marmoset into which a human gene has been introduced and a marmoset in which a gene
has been knocked out are referred to as transgenic marmosets. Genes to be introduced
or genes to be knocked out are determined depending on disease type. When a gene
involved in a human disease is introduced, the gene may be substituted with an marmoset
orthologue gene of the relevant gene by homologous recombination or the like.

Gene introduction and gene knockout can be carried out by known genetic
engineering techniques.

A DNA to be introduced into a marmoset is ligated to a promoter that can be
expressed in marmoset cells.  Examples of such promoter that can be expressed include
mammalian cell-derived promoters such as a CAG (chicken B-actin) promoter, a PGK

{phosphoglycerate kinase) promoter, and an EFla (elongation factor 1a) promoter and
- 14 -



vector, a viral vector such as a retroviral vector, an adenoviral vector, or

an adeno-associated viral vector is preferred. Among vectors, a retroviral

vector and particularly a lentiviral vector are preferred. An example of

lentiviruses is human immunodeficiency virus (HIV). For example, a SIN

vector (SIN 3 a generation VSV-G pseudotype human immunodeficiency
virus micathvector(@rdagencyttiongdeltivinal (Eb0F) fMiyoski, M sehaln JiMisolTZSV40)

8150-7 (1998)) can be appropriately used. A viral vector may be injected
PTOMOfite IHEHRFHRIRFSYEE 0P 2 WHAY B BRSO th @ last St BAUy Rigpoter.

Amon%ﬁ% %{%%%&9 %a('ij}iﬁrg?%fm%‘? aenmgr tall_gg%%)‘% a%%:tlgalx% 'elrrelgi. Also, an
semination or & preimplantation embryo obtained via fertilization by

enhand®@itha cMARGBAY DExseddih \dkal ¥e6tos tadeiniectedyyreferabbe hag Rluced
high titer. For example, a vector with a titer ranging from 1.3 x 103 CFU to

and a ArGmxo105.GHbig atdzitaiity dinjettddrintoredohembiyo Asam eaflyy vector may
embryo, an embryo between pronuclear stages (PN stage to 2PN stage) .

be used BefrlR @biaREstadE FEhramired At KA BTRES fjeRtiarian s et i mal.

A VGCEBP HNAA0LER, oergg%re\folénilgfg M te%%}?’ a V%Egep Irﬁ)fergpslg %:Zleslé/ld HHQRE As a
In order to cause temporary SHrin age of the cytoptasm. This causes the

vectorVAlUREQf thetperivitalling spaserigverdlande &R, that adacastamovpt®eta or an
viral solution is injected. As a result, many foreign genes are introduced

adeno-iigy eidtedrlylerhbrydiocaussipts fearsformationg tor edtsily, takeeplaceaMveor and

. an early empryo of a primate animal is used, the volume_ of the
partlcuz%r

iRINRR SEe YE AP 1A eRf S50iRL. 26 SEHBIRLSpRdrdFLHY S15681 1§ Bwman
immun@dgﬁgigncgy (hes Qfﬁ@ﬁab%@p oWl A3z 19 81l and ?ﬁ/dﬁ@ ﬁw%‘l%eragon VSV-G
old and pre ly

preferably-about 1.5- to 8-fold, or about 1.2- to 6.5-f era
pseudolyPe tibubafoltnAs ongetixaemple, thelvelwne of3 theperiviielink spaielof actor)
marmoset embryo at the pronuclear stage is about 31.5 pl, - 15 which

(Miyostantbectridredd8erhy 3uidde trid&enean bbsnprarigielyhichds about

7.3-fold. the original volume, Specifically, in the method of the present
O O TG LR P aCE B & By D by or
the bIAEUBRE Bamal iy inciased Y sustose teaimant ARPULL-ZnidAP-foldined b
. pref(a%gably about 1.3- to 8-fo)%},{further preferably at%c?).ljt 1.5-to B%fgld, aﬁ}je Y
artificielerséurtheti pueferalplye abplin2ation dalok tlheolshined ofithizrpBrivitelibe natural
. space not treated with sucrose. The increased volume of the perivitelline
matingsBase haitjed frofh 106!pYE6!80dDRDisIerkEly REFHEEOoRTL S0t gy For

examploel,’ E?Qrgcft%rlﬂ\lf%rth a titer ranging from 1.3 x 10> CFU to 1.3 x 10° CFU is desirably

injected into each embryo. As an early embryo, an embryo between pronuclear stages
(PN stage to 2PN stage) and the morula stage is preferred. At such time, injection is
performed by placing an early embryo in 0.2 M to 0.3 M and preferably 0.25 M sucrose
in order to cause temporary shrinkage of the cytoplasm. This causes the volume of the
perivitelline space to expand, so that a larger amount of a viral solution is injected. As
a result, many foreign genes are introduced into an early embryo, causing transformation
to easily take place. When an early embryo of a primate animal is used, the volume of
the perivitelline space is expanded about 1.2- to 10-fold, preferably about 1.2- to 8-fold,
further preferably about 1.3- to 8-fold, and even further preferably about 1.5- to 8-fold,
or about 1.2- to 6.5-fold and preferably 1.3- to 6.5-fold.  As one example, the volume of

the perivitelline space of a marmoset embryo at the pronuclear stage is about 31.5 pl,
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preferably ranges from 200 | to 300 |. As a result, when simultaneously

constructed vectors containing foreign genes are used, the amounts of

genes that can be introduced into an early embryo treated with sucrose

are about 1.2- to 10-fold, preferably about 1.3- to 8-fold, further preferably

about 1.5- to 8-fold, and even further preferably about 2- to 8-fold the
whichagag st epsd Pthsit oardedatrotiudedintot &3 eadlyvemdnie montidaletbld the

with sucrose, At such time, an excessively high sucrose concentration is

TN O W e eBHIE SuldSE 1R eBer I GsHiE sih ‘CisREtatlsh o pas of the

. IS | [ fth t
S L T

treatnRPplitakle 1o mammalsdnyvbichthe Hpetiviteling space insesmpibiBaliay about
sufficient amount of a viral vector solution cannot be injected. Examples

1.5- tof dndpithaidvigysachisibell pesivitabinesdpacesd-ofithddnibirybs indiude of the
peri igﬁmmals belonaing to primates and cattle. A knockout marmoset can be
1V

bR 65 AkribTiHF thetod Stk s HOMhARIGBEY TecdmmBinatioH: perivitelline
space E%EQA%Q&SIr §'i“t%'%%081,'%%Yé%@%?’%&ﬁ%spﬁ%oWﬁf‘wbé{d’ﬁﬂ*}&ihaﬁﬁ’?urther

molecules undergo homologous Ination via the same

preferfbiGlaqtides srayence.inhonmlogousyaceribination aiansiRLUEBIbisktructed
constructed by linking a promoter and a foreign gene so that the

vectorserpidnicersf fotargetagane siteusadiviieduaotels cehgsneFHbatestortis introduced
. introduced into an early.embryo, and then recombination takes  place

00 o ST Bl Y & o AR G GEHfuCroa OV D B vt 13-
to S—fcyi%?tﬁfrtlw:'él?%f@fé?a%q %Wb‘iﬁeldﬁf%@%ﬁ&%lﬁ%%‘&{‘ ﬁ%%ﬁﬁ?eﬂ&%%@t&gom 2- 10

into the genome of the cell, the target gene is divided to lose its furictions,

8-foldahd Hhusuttie gépenisskihacked beltinidubicdhnsferyeacioy canbecdesignatkd with
and constructed based on the nucleotide sequence -16 information of a
sucrosgarget hameh Himfolob i Feetiifbindtieh GralgenectprIbiahgptad isoxic to the

embryRSTTORTIEAUSING N tansfer vector, Such iansfer yectqr can be.
constructed accor Ing ¥oam§t 08 éleSCI'I eain 4 I@f %?)er et al.,

Ikyopshin Kair, Tyanglslien SuRerisotPNAKIRNING Amammalsiahvention, a
system-(2nd Edition) TaKaRa or the like. The above various viral vectors

methoddivbtransan hereml yAelehtiyiralite ctoerisspriefepiddcablsao antarngetigénevhich the
can be knocked out %homologous recombination using a method that

POrivI{GEERC RRAMBINAS EAY B b AOTHIIGITRIa BRI WIS PéCoifibthASE IR CKBRHig cannot
be inj é&é’&e %Q&%’l@s of mammals with such small perivitelline spaces of the embryos

include mammals belonging to primates and cattle.

A knockout marmoset can be produced by a known method such as homologous
recombination. Homologous recombination is an infracellular phenomenon, by which
two DNA molecules undergo homologous recombination via the same nucleotide
sequence. In homologous recombination, a transfer vector is constructed by linking a
promoter and a foreign gene so that the sequence of a target gene site is divided at the
center. The vector is introduced into an early embryo, and then recombination takes
place between a gene of a cell and the same sequence portion on the transfer vector.
The thus sandwiched promoter and foreign gene are integrated into the genome of the
cell, the target gene is divided to lose its functions, and thus the gene is knocked out.

Such transfer vector can be designed and constructed based on the nucleotide sequence
- 16 -



DNA, in which a target gene to be knocked out is flanked by the

nucleotide sequences of the above recombinase recognition site, and a

DNA, in which a promoter is ligated upstream of the above recombinase,

are introduced into marmosets. When the recombinase is expressed, the

target gene flanked by the recombinase recognition sites is excised to
informigsenitsfanctipeis gdue exdhopielogsushanethindds ennodéthabusitigta disrupted is

Cre-loxP system. The Cre-loxP system is described in Sauer, B. et al.,

perforpea st R HANEERT, VOSER §§9§1ﬁé@6&§ﬁ@?i@§s€a@&zew.?{&ta}gteﬁeﬂ9cording
to a Iggfh%%isféfe]s%gﬁeégg%g ’Eacﬁ].d tBe IMe (ﬁ%%%r,cé)l&g gg,thﬁ(suengs %%rl%lzﬁgs’ Pranslation

marmoset early embryo ¢an be proJuce y knocking out a target gene

Supervisingd SReAaCRioxD Sysienh {R) dmplantatior Ok ganaticallx menipuidetke.  The
marmoset early embryo into marmoset surrogate mother Implantation into

above magirmegatel mothersisquebformatipydmplaAthtivivintd thetatérysabaed.  Also,
surrogate mother by a known method. At such time, the sexual cycle

3 TATECtERAGBR BFCIBY DI AL MOMRANHESE WARK TS ROSRA i HISHRE hat uses
recomlﬁﬂgs%'%ﬁfe? de%%a%amgﬁmsqgae%fw ﬁfﬂlg r}%%oamq)?ngsre?f e&%%%%ﬂ g metgodg a
sync ronlzedlln vance. sexual cycle sync%ronlzatlon can pe periorme

DNA, Bywaesninisiesing ansex Mermereslehias fosaoBnein. nlhepreReRuences of

invention will be explained more specifically with reference to the
the abdaiowiredxansplescbenitenpreserridverdididis imothiited torthester is ligated
S. Exam[%]e | Examination of gvarian stimulation using hormaqn

exampl ) I
upsffe%eﬁi’?d riaR°SmUASEBIY BFEEm MEn HEHESEs Was BRAMIE as Nor he
recomeEQéaeS{g el;?ﬁ%g]brg@, QHQ?Q{&@%%VHWBW@%@&%@%@%@O@%(&% |s_|i§es is

marmosets. -17 A"humanrecombinant follicle stimulating hormone (

excisedvas eantiguaustioradministerec jéramusculachh ad 30 d WMaaomaseida Cre-loxP
sexually mature female marmosets for 5 days, 10 days, and I1 days. On _
systemday o Sierlthd stavtcar HESsathtifish atioierabhurhah.cReroriatl. Acad, Sci.

05 A SRR TR S AR 2o o e i

AccordPEYIPRWRI 8. ASPHISd, By shrgical techDiguas ANdheR ReeYies dMef &nocking
cultured overnight under 5% CO2 using Waymouth medium (Invitrogen).

out a tdrpeitpematsirggitre ((YdA)oaiitsrstavas

(5) Implantation of genetically manipulated marmoset early embryo into marmoset

surrogate mother

Implantation into a surrogate mother is performed by implantation into the
uterus of a surxfogate mother by a known method.

At such time, the sexual cycle (ovulation cycle) of a recipient marmoset, which
is a surrogate mother, and that of a donor marmoset, which is a donor of embryos, are
synchronized in advance. Sexual cycle synchronization can be performed by
administering a sex hormone such as prostaglandin.

The present invention will be explained more specifically with reference to the
following examples, but the present invention is not limited to these examples,

Example 1 Examination of ovarian stimulation using hormonal agent

Ovarian stimulation of common marmosets was examined as a form of basic

research concerning developmental engineering using marmosets.
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performed for oocytes and then in vitro fertilization (IVF) was performed.

Thus, ovarian stimulation was examined. As a result, 5 days, 10 days,

and 11 days of FSH administeration resulted in the 9.0 5.7, 12.8 6.7,

and 14.7 8.1 as the average numbers of oocytes collected, respectively.

No statistically significant difference was observed. However, a tendency

wés lbsenveek tabthenfofigéicthesiPSHaaminisration bEhibd, s Highéruously

. the number of oocytes ohtained. Also, the IVM rates were 30,2%, 84.5%,

admlﬂléﬁ&%%&%}%é%‘&eﬁgﬁﬂﬁ RS ol 5P SLBRALIS {5 tlampiRosets
for 5 33¥S £ hERH adminisirationyyese . obsenyed do. e Sianficantly (R 5,0 Obkion,

higher than that of a group subjected to 5 days of the same. Similar
humansighifi¢antdiffesenkesohs QlEwerealsadphsereediiniMarates(@®; at 75

35%, and 40%). Subsequently, the time for exposure of oocytes to human
[U/magpetidnic 4oRddbregin(heG)iwhith(hddoes it ninationl shibocyrecytes were

: turation, was examined. Opcytes were collected at 21 to 22 hours,
aspiratfd DY ARBLALI B TP P MO T S T PAtlor C PHET o S CO2

using %’Q%ﬁ&ﬁﬂ”%%ﬁy WRA‘%:@%EUF‘ VitFD fg{ﬂ%ty?ﬁ’%‘ﬁwiﬂ S@iture was

result, the average numbers of oocytes collected were 20.4° 12.8, 10.67
perforrded, dnd 30@¥ted. andespectivelyi MWWhéentiogies wevrsollastet abAhd® 22Thus,
- hours after h\CG administration, the number of oocytes collected was
ovariarsfHfidaHeg Mgh reimed). The IVM rates were 72%, 54.3%, and 100%,

respectively. asd nstrated that ooc llection at 31 to 37 hours

el P ] b SIS Rodi) RGP 8168w Fikan the
0.0 + Alpojinyitrofertilization rateswers 30:3%eL2B%uMM L8t %0cytes collected,

respectively. -18 It was revealed based on the above results that an

respectappropridfe demstioivaf W FSEhifdannistréiomis 10vdaystee ke daysdesvar, a
balance among the number of oocytes collected, oocyte maturation rate,

tendengih v IR RHEELIFATD Pt 8 TaKBR IS dotkiieistisHoRmRFtHpidpeiigher the
numbeth g%rce%((%08¥§{§i£0 'C%Ea(g] gﬁlsefrfvnﬂ/f% %sz.%vgoeurfﬁ.gégny%% and 6?.4%,
at itro fertiization In vitrd Tertilization requires t

Xxamindtion or in v fer res e’steps (6)
respectiQigular peeyte solleationoin Yisa, 9osyle-BalUrRtion andinYitt@ays of hFSH

fertilization. Hence, in vitro maturation medium was

administration were observed to be significantly (p < 0.01) higher than that of a group
subjected to 5 days of the same. Similar significant differences (p < 0.01) were also
observed in IVF rates (0%, 35%, and 40%).

Subsequently, the time for exposure of oocytes to human chorionic gonadotropin
(hCG), which induces the initiation of oocyte maturation, was examined. Qocytes were
collected at 21 to 22 hours, 23 to 25 hours, and 31 to 37 hours afier hCG administration.
The number of vocytes collected, IVM rate, and in vitro fertility were examined. As a
result, the average numbers of cocytes collected were 20.4 + 12.8, 10,67 + 4.0, and 3.67
= 1.5, respectively. When oocytes were collected at 21 to 22 hours after hCG
administration, the number of coecytes collected was significantly high (P < 0.01). The
IVM rates were 72%, 54.3%, and 100%, respectively. It was demonstrated that occyte
collection at 31 to 37 hours after hCG administration results in a significantly high (P <

0.05) VM rate. Also, in viiro fertilization rates were 36.3%, 22.8%, and 76.7%,

respectively.
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examined as the first stage of the examination of an in vitro fertilization
method. Waymouth medium, which has been reported to be appropriate
for monkey oocyte maturation, was compared with [IVM medium
(Medicult), which is used for human fertility treatment. As a result, the
oocyte maturation rate (39.7%) in IVM medium was significantly lower
thah s Aeatereiobasstt (6 11508 hiry s\iaymistha st TR Gutatfecreet i of hESH
. development, 1o blastocysts (22.2%) after in vitro fertilizatign of oocytes
SAmHAR koS RV SIS SHERT Ty WG Er o SR Bhcoocyes
coliec?@t?,%%% @tHﬁattL'l?Qth'n Y\!z?éf mRYth, W%ﬁ%‘%%h 1he ’RRove T esWtSonsideration
revealed that it would be better to cause maturation of embryos to be
and tigupjeptediindifoiteq fesiizat ittt M sneciunmand fiediersmplant them
into uteri. Example 3 Examination of conditions for implantation of
common marmoset early embryo into surrogate uterus Fertilized eggs
I %5 ) ohtained r?g in \%jtro fer[tili\%ati n and 49 fertilized eggs obtained by
XampAtiitizatioA A Hatral Matig wWeke!iapiihted into uteri and uterine tubes.

Thesefepilizad 8908 WaIgSAMIREd 105 daVEIoRMEN A RUENMRRAAN in virro

implantation method therefor. As a result of implantation of fertilized eggs
oocytobhainestion jnavidre: fentibz &tionz3toffsprifig weere obtained anchthaen birtiium was

rate was 1.2%. On the other hand, in the case of implantation of fertilized
examiggdsashtamdd tiaskeatiral ntirfran st th o Wwate Bl d avdiass Birtarethod.

rate, was 18.4%. The birth rate in the case of eggs obtained -19 via
Wy TRy WL g ey R (L G00% PERRDIOFe! T AR oYt

matur§i{6s, ofvigridizag £69sdngluding weunetubes e d40hmRd Yteridi=ror human
166) were compared in terms of birth rate. As a result, the birth rate in the

fertiligaseafiamplantationdmd Uterinec tibes ivast foumat ¢ bk 2d0madndvihe dirtm was
rate in the case of implantation into the uteri was found to be 5.4%. No

SignifiGRRACANY BifEh (o iMBTHI Fat BpARInG bIT: iTBIERRAHSuy At the rate
of de&e%ﬁﬁ?{ggt E%%%k%cﬁ{aﬁ%(@% na?tfegyr? RGPS .Q"Iear '1‘1}%&9&(%9 MO vtes that had
marmoset gamete and early enibryo Preservation of common marﬁ]oset
matur€@hly evNIryesihas Ralysbheemsuificimily than that in the case of maturation in

Waymouth medium (4.3%).
The above results revealed that it would be betier to cause maturation of

embryos to be subjected to in vitro fertilization in IVM medium and then to implant

them into uteri.

Example 3 Examination of conditions for implantation of common marmoset early
embryo into surrogate uterus

Fertilized eggs (257) obtained by in vifro fertilization and 49 fertilized eggs
obtained by fertilization via natural mating were implanted into uteri and uterine tubes.
These fertilized eggs were examined for developmental potency and an implantation
method therefor. As a result of implantation of fertilized eggs obtained by in vifro
fertilization, 3 offspring were obtained and the birth rate was 1.2%. On the other hand,
in the case of implantation of fertilized eggs obtained via natural mating, 9 offspring

were obtained and the birth rate was 18.4%. The birth rate in the case of eggs obtained
-19-



examined. Hence, preservation of the early embryos between the morula
stage and the blastocyst stage was examined. These common marmoset
embryos (n = 6) were preserved using a vitrification solution (developed

by the present inventors; JP Patent Publication (Kokai) No. 2007-105013

~A). The embryos were preserved for 12 to 20 days in liquid nitrogen and
via nafel ngmm@mmm@mmﬁoﬁ 05 & reSulthalmenshiyepl ppsagion sites of

confirmed to, develop into ex anded b|astocysts. It was r led from the
Ferti I g0 A S B D h ok o vt LB o pased in
te;ms%}f"%'i}‘f?ﬁﬁéamﬂlbe?1%%‘91@"%]}?&"8‘&91“ iniection.of leqtiyiral yeaiar seIuERR, uierine

N (pronuclear) embryos were placed in 0.25 M sucrose or M2 medium
tubes wstahung no ISHICrose . ahliahs sbiemtiviral ivettordanto which RakRohagchfoeer uteri
introduced was injected into the perivitelline spaces. In the case of
was  Erbiyds abehe Bidstocyse stageliigiaiidisivgsinjcetredintto bastotarding on
Injection into embryos was performed using a DNA injection needle. A
Imp}a’é&@’b?&?ﬁ%@?sﬁ MVSromoter, a PGK promoter, or an EFla promoter
was used. Fig. 1 shows an outline of a method for introducing a lentiviral
vector into a perivitelline space. Fig. 2 shows photos of PN embryos
Examplimedigielnafteldnjection @iradentivical oectonsolutionrfigeRAshowssand early
embryos for which a 0.25 M sucrose solution was used. -20 Fig. 2B
embryghows embryos for which M2 medium was used. As shown in Fig. 2 the

Vir, 1I_egé:)rletlcl)(r)l wa&s observed thrrrgg hfou; hee %rlwtel ﬁeceeﬁ ufﬁczentl
embryos, orr\}vﬁlcﬁ nJec {On o fe%tlvwa’iy\?ec 6F So1Utidh Y

examiRgdformedda %ﬁé@%ﬁ&?lyp% 13 rGoakesholnedantiviraly %ﬁ:&%l‘é’%ﬁlge and the
observed onfy in the periphery of the injection parts of PN embryos, for

blastommmmm@cttmoéxlamienﬁmraﬂ“ Festorhachbeemperforenechihit®s mediug). were
g. 3 shows photos of PN embryos on days 2.5, 3.5, and 8.5 after
Pf@scrﬁﬁécﬁ%ﬁ%@a"’l@ﬂﬁ%ﬁ%@%o‘iBHBFPIF@eEﬁ@@PﬂN?)PNf‘eﬁﬂ%ﬁ%& FBYShRER: P Patent

Pubhc% 25’ s SRSOHER ggsgnfaia“%fége; ESQSV%%@N cImbos for JR o 20

m dlum was u 1 ShOWS gene ex reSS|on rate

days @ﬁﬁ%ﬂﬁ@/\&ﬁlﬁbgﬁpwﬁﬁ g usethandidhe samerafidcastitiowhicANA result, all
sucrose was used. As shown in Table 1, GFP expression
embryos were confirmed to develop into expanded blastocysts. It was revealed from

the result that this method is also applicable to common marmoset early embryos.

Example 5 Examination of injection of lentiviral vector solution

PN (pronuclear) embryos were placed in 0.25 M sucrose or M2 medium
containing no sucrose. Then, a lentiviral vector into which EGFP had been introduced
was injected into the perivitelline spaces. In the case of embryos at the blastocyst stage,
the virus was injected into blastocoels. Injection into embryos was performed using a
DNA injection needle. A CAG promoter, a CMV promoter, a PGK promoter, or an
EFla promoter was used.

Fig. 1 shows an outline of a method for introducing a lentiviral vector into a
perivitelline space.

Fig. 2 shows photos of PN embryos immediately after injection of a lentiviral

vector solution. Fig. 2A shows embryos for which a 0.25 M sucrose solution was used.
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efficiency was significantly high in the case in which sucrose was used.
Table 1 Suc+ Suc- Lentivirus-injected egg 44 76 GFP-expressing egg 43
31 GFP expression rate 97.7 40.8 When the sucrose concentration was
excessively high, toxicity to embryos was observed. Example 6 Gene
transfer into common marmoset early embryo A. Method (1) Unfertilized

Fig. 2Bythesifeeibhy 60amdn M aiatrsh iging haasbnaldgdmv i Sigarolde viral
. or older marmosets were ysed. A human recombina llicle stimulating_.
ol R R Wl ST LA AIESB CEAR Lgl af S0 ich the
injectiti{rimal temsexralematwe female:marneseisdandd idaysuAbd2 Gay8on. In

after the start of hFSH administration, a human chorionic gonadotropin
contrafhGE) Wwas witedmusoulady aldministendd at 7ielfapinaf. Kttt toj8dtion parts of
hours after hCG administration, follicular oocytes were aspirated b )
PN ergfpgisal teenmideldnisatissiny a5 olenti @yih gedat ]éaﬂ?abﬁéﬁg@r#f/é'é%ﬁ% in M2
mediuE}eedle. Follicular oocytes were aspirated in Waymouth medium
containing 10% FBS. Oocytes were collected from medium, washed
twigg, ang thenmdtuiast oK 24ueuss HRdRK sonditinss HfPYoCAR% Aection of a
38C using Waymouth medium. Only mature oocytes (metaphase Il) were
lentivicellectedonftedtgltBitesand sHEN esédyfor innvittoderilizafidnd f)of@)solution was
Semen collection and preparation oafigﬁermatozoa Marmoset semen was

used 3pditgedRishiys BTSRRI drRioHBISHDY AP ERUBHSIARGSCE: et al., Am J
Primatol.52. 149-54 (2000)).. S Il din TYH i d
r@ﬁg 1 szhccl)w .tﬁe w%ﬁ%% %Fgefg%r_{]c%‘]r\év eslu r% %ﬁ%% H!an-%lch @F%g%égl 5‘5 used and

then washed twice YH me YH medium was

the saaddgthande theriethtastanehin a6:QRdacubatamatalia bl mmptesk sssion

as to cause spermatozoa to swim. (3) In vitro fertilization (IVF) Oocytes
efficiementedswithnhlighnon biaseinvdre wwashe oV iiith Tydsonredmrsdd then 70

Table 1

Suc+ Suc-
Lentivirus-injected egg 44 76
GFP-expressing egg 43 31
GFP expression rate 97.7 40.8

When the sucrose concentration was excessively high, toxicity to embryos was observed.

Example 6 Gene transfer into common marmoset early embryo
A. Method
(1) Unfertilized egg collection by ovarian stimulation using hormonal agent

Two-year-old or older marmosets were used.

A human recombinant follicle stimulating hormone (hFSH) was intramuscularly
administered continuously at 50 [U/animal to sexually mature female marmosets for 11
days. At 12 days after the start of hFSH administration, a human chorionic
gonadotropin (hCG) was intramuscularly administered at 75 [U/animal. At 21 to 37

hours after hCG administration, follicular oocytes were aspirated by surgical techniques
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RI thereof was dispensed in the form of droplets. The 70 RI of droplets
contained a maximum of 10 oocytes. Spermatozoa (10 RI) prepared by
the above method were added to the droplets. The final sperm:
concentration at this time was 5 x 109 spermatozoa/ml. At 26 to 30 hours
_ after addition of spermatozoa, oocytes were collected and then washed
using \§ith- Pt Hidiim Pedicii 2Rl Fiadgys trsd ceulthpdldcimaspeytes were

..m diu%for 48 hours, transferred into ngb diu51 co taininl%fee er
aspirated, 1 Waymouth, metium d:(fﬁtamml% o g oc ?F ere colected from
cells of mouse fetuses, and then culured. ( mbryd collection an

medin®IMBRG dnpiRRtation Gleprestaneh (Fstrumale T akedaSenarng -Biosgit 0, and

K.K.), which is a prostaglandin F2a analog, was administered to donor

38°C asidgedipient commativmarmosbtsmat G/ banglenifmaltaphday 1) aftee thellected
luteal phase, so that the ovulation cycles were synchronized (Summers,

after cpltye gpdithgrRisgrotprétiYs, feslg 448} A blood plasma sample

) Se[(g:%% (Egﬁw S collgcted V%%t'gge feimoral \é?ln on days 2, 9, 11, and 13 after

opros Ehot Administraton. OVUETION dates were determined based on

MEASHMENtGhhlopd RIAFRRERrRgESIERNE IEYRISUBNE R b HRG: dRIGQ8 Ting,

which the blood plasma progesterone level reached 10 ng/ml was
L. et aldetermdifechtatbeStheldbubattiGiNdale (dayrdin 225 @nlbaysdritoTTO A fterddven and
ovulation date, a donor marmoset was anaesthesized and eggs were

then wasliedtbHifiviiithe’ cointioh rharrrdden The Ytérineddeivid SAd bottedirs and
then 1495 VR S X pONZEQ %?aarta%@@%”r'?Bar?t&’%;éé,%%désh D GRS, 0700
terine lumen ranging from an end (aajacen o't uteflis)t6 e dferine
to swigervix was flushed with 2.5 ml of DMEM (Dalbeeeo's-modified Eagle's
medium) containing 10% FBS (fetal bovine serum). The medium used for
(3) In tigshitsgtiNastsoll€E¥d0 from the uterine bottom using a 23-gauge injection
Léterine lumen. On day 4 after. embryo collection,

dle placed on th _
2@%@%3@%%1 YilHh V%{&Fﬁi‘ﬁ‘ié?é?e%{?ﬁlW%Qs‘ﬁ%ﬂ’ﬁggéé’f&%lﬁm and then 70

ul thel%%@gx%@%r%‘i' 33 detgumingd 3?@9@@5’.0 Hﬁ?@‘?}fﬁ {3&? %‘%o@é%%%%%?&ned a

Products Codrp.). Recipient common marmosets w ation‘cycles

maximSy G aizeskwith. thateh theodenqr werp yrapstbesizethanshthenthghod were
uteri and ovaries were exteriorized by paramedian laparotomy. A .
added 28-dghagérinjidion AbedBrabssiinsertagirsiitteontatindiseie tovap énd 10

spermatagoant to e pterushyia e uterne Wmen 01 Q03 8MaY S cytes were
collected and then washed with ISM1 medium (Medicult). Fertilized eggs were
cultured in ISM1 medium for 48 hours, transferred into [ISM2 medium containing feeder
cells of mouse fetuses, and then cultured.
(4) Embryo collection and embryo implantation

Cloprostenol (Estrumate, Takeda Schering-Plough K.K.), which is a
prostaglandin F2o analog, was administered to donor and recipient common marmosets
at 0.75 mg/animal on day 10 after the luteal phase, so that the ovulation cycles were
synchronized (Summers, P. M. et al., J Reprod Fertil 73, 133-8 (1985)). A bioéd
plasma sample (0.1 ml) was collected via the femoral vein on days 2, 9, 11, and 13 after
cloprostenol administration. Ovulation dates were determined based on measurment of
blood plasma progesterone levels using RIA. The date on which the blood plasma

progesterone level reached 10 ng/m! was determined to be the ovulation date (day 0).
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were implanted into the uterine lumen using a glass capillary pipette. After
embryo implantation, each recipient was examined for the presence or
the absence of pregnancy through measurement of the blood plasma
progesterone level once a week until it became possible to monitor
pregnancy through uterine palpation via the abdominal portion. (5)
On dayPfepardtiofianddniradauction] efdlentiviral veetorddeinvars embrythniczkidiney cggs
293T cells were grown in DMEM supplemented with 10% heat-inactivated
were codestedifiesr iRt LONRRSIAF PSRN OOt SeEpoAtanicogg tubes
ng/ml.amphotericin B. An SIN vector s m was used far. introduction of .
were o e R G T R B e Ping
from ax{('%'ﬂ*aa%%{?% tRUQFERESNeeRICIeIR),BaVRG 4 AISICTRALRIOMARTS S m] of

CAG, V, EF-la, and PGK promoters) were constructed. The vectors
DMEMwBrdidesignatediGACERGER nCNMVaBGHR a1 Bl HGHPS st RGK-EGRRum).
respectively. A lentiviral vector was constructed by co-transfection of a

The medipprapd PrpRerkgmaves raretsith s the WAt RS Reesion @ 23-gauge
... constructs into 293T cells using a, Fugene 6 trgnsfection reagent. On day .
imjectiof e diE o o e e oo A S SRR Koifion,

cloproseligcless filtarrd %ﬁﬁﬁﬁ@r@@z'@lﬂﬁﬁrpﬁ%@%%@@%dé@rﬁeﬂ@h’iﬁ}f?fwas

centrifugation at 25,000 rpm and 4C. The viral precipitate was suspended
determindthwmngriginBOentigirseventdr s (perpatant Withdkd® @ tipe volwne of the
viral precipitate in ISM2 medium t(él\gedicul,t). A lentivirus was introduced

BREHIEEHS (TSP OR PSS ntd wmaﬁoaqawﬁ#sge%ym@m%?ép’r&tklzﬂmt of
the do;ﬁrow&lg a!xh‘é%@%%‘de 'EVPJ YOS p’ﬁ&qdéﬂéj gﬁ%%%ss UgLos ee?%q"i%?%d by

e virus was Injected into the perivitelline spaces. e case of embryos
paramed@hiheplasieeyst stagesthendsusnivas byesied inte hlasiasasishinieatieNuterine
into embryos was always carried out using a microinjector (Eppendorf
cervix tfepntojet drdiess)aivdthemitsrormanipulaor ¢Narishigemickdmaribitadognbryos

. (6) RT-PCR Poly A+ RNA was isolated from the hair roots, small skin
were implaptor Mgy GHFEG 1A LSh g8 dic %;S%@?&WRFA‘%uri AtoRmbryo

implant!ﬁwﬁé %m&ﬁﬂéﬁz'w%mmined for the presence or the absence of pregnancy

through measurement of the blood plasma progesterone level once a week until it
became possible to monitor pregnancy through uterine palpation via the abdominal
portion.
(5) Preparation and introduction of lentiviral vector

Human embryonic kidney 293T cells were grown in DMEM supplemented with
10% heat-inactivated fetal calf serum, 100 units/ml penicillin, 100 pg/ml streptomycin,
and 250 ng/m! amphotericin B. An SIN vector system was used for introduction of
foreign DNA mto CMES. Three types of vector expressing EGFP (Enhanced Green
Fluorescence Protein) having 4 different promoters (CAG, CMV, EF-1a, and PGK
promoters) were constructed. The vectors were designated CAG-EGFP, CMV-EGFP,
EFla-EGFP, and PGK-EGFP, respectively.

A lentiviral vector was constructed by co-transfection of a vector and a
packaging construct with VSV-G and Rev expression constructs into 2937 cells using a

Fugene 6 transfection reagent. On day 4 after transfection, viral particles contained in
-23 -



samples were subjected to reverse transcription using an Improm-l|
Reverse Transcription system (Promega). Half of each Poly A+ RNA
sample was reacted with reverse transcriptase for first strand cDNA
synthesis and the remaining half thereof was reacted as a negative
control sample without reverse transcriptase. Total RNAs were isolated
the meflomtheplacghitaedisingeasiRMNAIEkita MACHEREYeN AGE )T atabiRNES to 4
in.amounts ranging[; from 100 ng to 1 g were subjected to reverse

hours g Repiptigatipt RIWas o8 ial gitdidirg a 1/20-9k% BrowiRiEsuEsissuspended
L i i t late, T 10) | P ixt tained .
it R R L TR g i

precipith? MMANT ReQuaNNaeimeis;) and 1.0 U of Taq polymerase. For
detection of EGFP gene expression, PCR was performed for 35 cycles

edcHaoungistingvef deratdvationtat 94 doeB0cseconds] armetibng iatG2@mmon
for 30 seconds, and extension at 72C for 30 seconds. Primer sequences

marmoa%teazﬂg%ﬂsl:.arg}agl ERJANYEIGRF ) —to-morula embryos were placed in 0.25 M

e ] A AR R TR e o
embryod it TBYSISE: DEVBENASE D IR NG vas iRfebred detedtipnafddtactin

expression, PCR was performed for 30 cycles each consisting of
dbnattieniontacodCyior 30 sebbridssamitealint wiEse foic8dgectndd mrddor!
. extension at 72C for 30 secqnds. Primer sequences used herein are as
femtoj BN BRIG & FHEETERABEE PEARE TASCRE S EMABHL, forward
(6) RT imer) (SEQ ID NO: 3) 5-GTGGTGGTTGAAGCTGTAGCC-3' ((3-actin
002, reverse primer) (SEQ ID NO: 4) (7) Immunohistochemical analysis
Tisgyewwekevembedde int€ICT: €2ompouins; frezen indiguidstitiogemiang and
then stored at -80C until analysis. Five (5)-m sections were prepared from
erythrogyéemasyerid Qmeh fixen Y5ierg 298 Daratorifisrtenydé 464ChkpBocare). RNA
minutes. Endogenous peroxidase _activity was suppressed by 30 mjnutes
sampleg e SR omiSaritire LA DS Ty AFooah pHBREL  Keverse
Transc3PIEIORy REFIIOPRWELR YVashed BB WRIEs FPTAS RIUES ARENER reacted with
washed with PBS for 2 minutes. Slides were subjected to blocking

reversetieatpeent aterbantitempendtuieNisingri B geat sbruraniiichipehal f thereof was
reactedcagrgorggggt?\)/g()go]ﬁ?rg}igg}r?&ef%ug\{lv&ﬂ l11)*>3/\,’erse transcriptase. Total RNAs were
isolated from the placentae using an RNA II kit (MACHEREY-NAGEL). Total RNAs
in amounts ranging from 100 ng to 1 pg were subjected to reverse transcription.

PCR was carried out using a 1/40-3/20 ¢cDNA synthesis reaction mixture as a
template. Ten (10) pl of a PCR nuxture contained 1 x PCR buffer (10 mM Tris-HCI
(pH 9.0), 1.5mM MgCl,, and 50 mM K1), 0.2 mM dNTPs, 0.2 uM primers, and 1.0 U
of Taq polymerase. For detection of EGFP gene expression, PCR was performed for 35
cycles each consisting of denaturation at 94°C for 30 seconds, annealing at 62°C for 30
seconds, and extension at 72°C for 30 seconds. Primer sequences used herein are as
shown below.
5’-GCACAAGCTGGAGTACAACTACAACAGC-3’ (EGFPS-5, forward primer) (SEQ
ID NO: 1)

5’-TCACGAACTCCAGCAGGACCAT-3" (EGFP 3-1, reverse primer) (SEQ ID NO: 2)
-4 .



overnight reaction with rabbit anti-P.v antibody at 4C. After 3 instances of
washing with PBS, slides were reacted with a biotinylated secondary
antibody and Simple Stain Mouse MAX PO (Nichirei Corporation) at room
temperature for 30 minutes, followed by 3 instances of washing with PBS.
Localization of the thus bound monoclonal antibodies was detected using

For dete DAR (&, B-adimingbesszidin8 (&ralydrachioridbjo hdfseyattistke peroxidaseng of
complex. Subsequently, samples were stained with HE (hematoxylin and

denatuggldgy) antrife Aoerhbegarel ssymael e asalySid PEfkpRetat Bidedadahsplegsion at

o~ Were subjected tg centrifugation at 22109% m for 5 minutes, whole blood
72 A R P e T R R WA | i S BE ISS Hood cells

5'-TCoveressuspandad i MdEM4Gland then sligetadioncantifugaiionas. 3)

2000 rpm for 5 minutes. The resultants were washed again with I ml of
5°-GTEBTGEEipiateWertAntubalédinatttim 603 ertg@tantiimari@Ee) CDAE0: 4)
and 6C9 antibodies on ice for 30 minutes. Samples were washed with
(7) ImpEeobAHSTRE MR aN APC-labeled anti-mouse IgG antibody as a
segqndary antibody. ;Fhe mi ere in ted for 30 miputes on ice.
prithichl i s ast i U R R

stored WIthgBBS @nd thensyspendead i 209 lbof snE haaluition, FACE analysigass and

was then performed. (9) Southern blot analysis Genomic DNA was
then fisgtrastied f#onpskifowidiEhjdedcdts; dnd3slasenttds fibloblagsosingeaoxidase
DNeasy Blood and Tissue kit (Qiagen). The genomic DNA of an animal

actiVity, maR HEPPEATS S B3 BUhBHIBEER fjSETRITAS Higlem d e EAmeH F HH Y- 03%
hydro ﬁfg@@&%@bﬂm}@nim&m which CMVEFGRR %%P;@M%@M@ then

igested with EcoR 1. Southern blot analysis was carried out using a D

washe@YsiePEOdUet(Raahels. Speciticallyrd @ipfganonicBNAnwasstbiggtetdroom
to overnight eletrophoresis with 25 volts on 0.8% agarose gel and then
tempergianesaiteht lasaran srarrad (@ iagbdrame tigio fométbranges, followed by

e LG58 M S o o g L DG
with PRYPrigizationyuth 2RI Grlabaledproba it REShasy B GIANUIES Simple Stain
(Roche). After the membrane was

Mouse MAX PO (Nichirei Corporation} at room temperature for 30 minutes, followed by
3 instances of washing with PBS. Localization of the thus bound monoclonal
antibodies was detected using a DAB (3,3,-diaminobenzidine tetrahydrochloride)
horseradish peroxidase complex.  Subsequently, samples were stained with HE
(hematoxylin and eosin) and then embedded.
(8} FACS analysis

Peripheral blood samples were subjected to centrifugation at 2000 rpm for 5
minutes, whole blood cells were collected and then washed with 1 ml of PBS. Whole
blood cells were suspended in 0.13 M NH4Cl and then subjected to centrifugation at
2000 rpm for 5 minutes. The resultants were washed again with 1 ml of PBS.
Precipitates were incubated with mouse IgGl anti-marmoset CD45 and 6C9 antibodies
on ice for 30 minutes. Samples were washed with PBS and then mixed with an

APC-labeled anti-mouse IgG antibody as a secondary antibody. The mixtures were

incubated for 30 minutes on ice. After incubation with the secondary antibody, samples
-05 -



washed, probes that had hybridized were immersed in a blocking solution
for 30 minutes, for reaction with an anti-DIG alkaline phosphatase
conjugate. After the membrane was washed, detection was performed
using a CSPD probe that had hybridized, and then the resultant was
exposed to an X-ray film. (10) Determination of transgene in placenta and
were veftbednyi Snidl Dl tiahsestendahthedllskih damplew bithaturéAhimanslysis
_were collected and then subjected to proteinase K treatment. Genomic
was theshPeU®Eracted using a Mag Extractor System MEX-9600 Magnin R

(9) SOLRH&:MBWPB%%S Ltd.). Furthermore, genomic DNA was extracted from
whole blood samples of mature animals and hair roots of neonates using

aGMeasy Biod & bisseakitéQiagem) aktha @hamBp EXOOA Midie, kiind placental
(Qiagen), respectively. EGFP transgene was detected using the following

fibroblpgRuptiteet seNcaFAHLoCTEGTEEAGTE TEBATGGAGACHYSEQHN A of an
. .NO:5) GFPRI: AACTCCAGCAGGACCATG (SEQ ID . 6
animal 304 158%§ﬁ§?§°9°ﬁ’%%8§é%%§%8&&?8| Jéfie g%&t&’d{gd%@f&gﬁhle The
genomfg!@m&.‘g}}a &Baﬁffmﬁriﬁﬁtwgﬁ;ﬁ;@m%@iﬂgd been in[j)ected was digested with
TGTAGGTACTAACACTGGCTCGTGTGACAA (SEQ ID NO: 7)
EcoR IComoHEACtHni: 86 GTGCIICAARS TGT CARACATGATEEG pA (SEQRDche).

_ NO: 8) The gene transfer efficiency of EGFP was almost the same as that
Specifigh{3-atting pleaeeordiaive deterrinbiisiaf he FORRY sheigepeovas with 25

carrigd out by a cgmparative, CT method using an.ABI PRISM 770

volts 0 G R B A, i T bl B R ACS L BCRERsRL s nvlon

membr@Rd the:Masien Mixof SN BRiEreniy B e TMdRertferiReal JHRDIG using a
Takara Bin Inc). (11) Fluorescence in situ hybridization (FISH) To detect

PCR Difénggene(s)nflusiesdencd e sitarhybnidizatiorsvbascoat riedholtidization with a
Peripheral blood samples were cultured for several days in RPMI11640

DIG-lah el odn ink i pAABh R A SIEHHE CORCSHRValiAST the membrane was
vt R IES 082 SRR 10 AT e
for reaSQPEMHIRUAMAfiOFNZ;pokml MostRAEREk 49ethBnjugate.  After the membrane was
washed, detection was performed using a CSPD probe that had hybridized, and then the
resultant was exposed to an X-ray film.
(10) Determination of transgene in pilacenta and offspring

Small placental sections and ear skin samples of mature animals were collected
and then subjected to proteinase K treatment. Genomic DNA was extracted using a
Mag Extractor System MFX-9600 Magnia R Plus (Toyobo Co., Ltd.}). Furthermore,
genomic DNA was extracted from whole blood samples of mature animals and hair roots
of neonates using a DNeasy Blood & Tissue kit (Qiagen) and a QlAmp DNA Micro kit
(Qiagen), respectively.
EGFP transgene was detected using the following PCR primer set.
GFPF1: CTGGTCGAGCTGGACGGCGACG (SEQ ID NO: 5)
GFPR1: CACGAACTCCAGCAGGACCATG (SEQ ID NG: 6)

A B-actin gene that is an endogenous control gene was detected using the

following PCR primer set.
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medium, and then samples were further cultured for several hours.
Lymphocytes were collected and then treated with a hypotonic solution.
Erythrocytes were removed and then precipitates were fixed using
methanol/acetic acid (3 : 1 vol/vol). After fixation, cells were spread over a
slide, air-dried overnight, stained using Hoechst33258, and then
Comnsiibjected td (HFAVIOIeHEEBAMEM (TAG-EBFR Wik(ateled (HHO ID NO: 7)

digoxigenin-I I-dUTP and then hybridized as a ég)be at 37C overnight.
Commsiirdstipdre WaSHEd e Sathbett cbidifiohE and GHERT HEERQIABENO: 8)
were detected using anti-Dig-Cy3.leica CW4000 FISH and Leic :
U0 a8 et LLHBY DL AN B RORIE G of P-actin

HencePFRAHBHON SEHRNagenic CORMInMarmesehsSing lenthiiah VeeloLASmparative
embryos for gene transfer, both in vitro fertilization (IVF) embryos and

CT mpheidyamgation Bty 5obiaihSddmne mat b atamiating veere dexhldm EGBBration,
.gene was introduced using 3 types of SIN vector containing 3 tﬁ)es of
Appligshdiotes e 2eticaltiser 14 promdtehdy. franedisrsiaeré! (Perfect Real
. ignated G-EGFP, CMV-EGFP, and -27 EFl1a-EGFP, respectively.
fime, %E%%%?élgoﬁg ructed SIN vectors were injected into the perivitelline

(11) FERAces:atembiyasythrnertivitetingispace of an early embryo of the
common marmoset is so small that a sufficient amount of a viral solution

cahmotddecinjeatedeidieh iffaivinssdsdnjcotedintb cuctisiall spasecthaged out.
resulting transgene expression rate is as low as 46%. Accordi

Periphgrath SIGRds SataRiTted that VbR Eﬂacﬁ@a%fﬁiegﬁywbwm %5 pedium

contaif Ofe%a*i%'#ﬁ@??%mﬁ temp @g%ra%'aﬂﬁka%ﬁ ﬁggg%%gé%%% ndthys, .

to inc unt of a viral solution to be’lnje

mercafEINGIRAr-tQsMer yks, emIEyas WeTen Hsed-hRICE:ID the Gase BhenbR@Sration
at the blastula stage, the SIN vectors were injected into blastocoels. A

of 30 tegamdf 27lrevitds foattinatiofigvFyambretamdf 0088l pesul was added to the
._preimplantation embryos gbtained k%/ natural mating were injected usin
mediu G S8 RS A T T (B ¢ RS EFTRGS B3 o Crvmphocyes were
collecl &P REMINGHNIS(EVL TIPIR AHiShQR e reﬁk‘%%‘rb@}%'@w&?%ﬁ%ved and
were injected using 0.25 M sucrose into 16 of the 27 IVF embryos and 47

then peddhydted pretmpiantaticingniesios (Tableid)adilg Volumelpfol).  After fixation,
cells were spread over a slide, air-dried overnight, stained using Hoechst33258, and then
subjected to ultraviolet treatment,

CAG-EGFP was labeled with digoxigenin-11-dUTP and then hybridized as a
probe at 37°C overnight. Slides were washed under stringent conditions and then

bound labels were detected using anti-Dig-Cy3. Leica CW4000 FISH and lLeica

CW4000 karyo were used for chromosome analysis.

B. Results
{1) Production of tfransgenic common marmoset using lentiviral vector

As embryos for gene transfer, both in vifro fertilization (IVF) embryos and
preimplantation embryos obtained by natural mating were used. An EGFP gene was
introduced using 3 types of SIN vector containing 3 types of promoter (CAG, CMV, and

EFl-o promoters). The vectors were designated CAG-EGFP, CMV-EGFP, and
S -



each perivitelline space was expanded 1.2- to 6.5-fold by 0.25 M sucrose
treatment. In the cases of 1 | of the IVF embryos and 15 of the
preimplantation embryos, embryos at the blastula stage were used and
the SIN vectors were injected into blastocoels without using 0.25 M
sucrose. EGFP expression takes place at 48 hours after the injection of

EFlagdiNRctespeThus v oflihe rmsembyosddINor detopieivaptaitiesosd into the

. .emb implanted int ipient.anjmals immediately after
perivijg L SPA SO GRECSEP BSp SELON Pt BB b Aingaag RBEYO of the
commr&??ﬁ&&rﬁ%s&h?s =€ Fsﬁlgﬂpﬁ@ﬁsﬁ)gl{ﬁﬁ%@ﬁfl §nﬂ9h'1r§ @ﬁtﬁf\iﬁﬂﬁﬁg%ﬁf)ﬁ cannot be

lentiviral vector was 89.7% in preimplantation embryos treated with
inject&UCraSesbut ihWwasu92i9%n|actedréatedseonbeyas Btsfhe d)laktule Sidges transgene
EGFP expression was observed by fluorescence microscopy in 48 _
expressieimigianta sl ermbsyds and AFEAVEENbE 6 Shdyreiearypted that involved
._preimplantation embryo 9 IVF embryas were implanted in recjpient
placing i 8 i eSRBTS L Tb Qs Wit Sy RLAVORZSc T US40 BYths HHBrece of
the c2AR4IN03EMHYIS WREIRPIANCERaLAYEE I each weipisht ANiMalnjected.

The total number of surrogate mothers was 51. Seven (7) recipients of
Pronuiizplanted dMifa embryos oepreiseplastation émbiyeadeechmebpyegnaliie blastula
Three (3) marmosets among -28 them aborted after 43, 62, and 82 days,

stage, [@§paRNivERLOC TRig< 144t ed 1P HagRIWES healthy offspring were born

from the remaining 4 marmosets. Each of mosets had 1.offsprin '
RIS, T e GHEbrihe e Of 64

preiméla?ﬁﬁiﬁ‘iﬁ %W@o@ﬁﬁeﬁ @9'%&@&?9&%1@”%@6}9 8o PR NS RING vectors
offspring were derived from embryos in which CAG-EGFP had been

with hijeatedsa(ftl@ off Pt ivers . @erived G5h erabnypsinmihichiGWHEGFRable 2
had been injected (Table 4). Therefore, CAG or CMV is preferred as a
showshsniBtatsalsd a8 SHahErorapiers, iHected ringBreddibauetesqio 16 of the

0.8% when prei tation (IVE). embryos not treat ith sucrase. ha
27 IVﬁ srrveig ﬁlfngﬁﬂe 82 ge 1#37?%1 aF_Ion em r%’pCiSa { V%'ltc 3% 45% Voﬁlme of

een used; and the same was when prel ation (IVF) embryos
each pEeaied Wik suoas hadhern usedoThe-EEEBexpressioncate Wastment. In

significantly high (P< 0.01) when sucrose treatment had been performed.
the caFeshdd 2129 g NAfugatbryos and 15 of the preimplantation embryos, embryos at
the blastula stage were used and the SIN vectors were injected into blastocoels without
using 0.25 M sucrose. EGFP expression takes place at 48 hours after the injection of
SIN vectors. Thus, 4 of the IVF embryos and 12 of the preimplantation embryos were
implanted into recipient animals immediately after injection. Accordingly, EGFP
expression at the embryo stage was not measured. The EGFP expression rate at 48
hours after injection of a lentiviral vector was 8§9.7% in preimplantation embryos treated
with sucrose, but it was 92.9% in untreated embryos at the blastula stage. 'EGFP
expreésion was observed by fluorescence microscopy in 48 preimplantation embryos and
17 IVF embryos. Sixty-one (61) preimplantation embryos and 19 IVF embryos were
implanted in recipient animals whose ovulation cycles were synchronized with that of
the donor. One (1) to 3 embryos were implanted per cycle in each recipient animal.

The total number of surrogate mothers was 51. Seven (7) recipients of implanted IVF

embryos or preimplantation embryos became pregnant. Three (3) marmosets among
-08 -



Number of GV oocytes 460 No data Number of MIl oocytes 201 No data
Number of IVFs performed (including MI) 272 No data Fertilization rate
(%) 121(77.9%) No data Number of embryos - 64 Number of lentiviral
injections 27 64 Embryos for which GFP expression was confirmed 23 50
Embryos expressing GFP 17 (73.9%) 48 (96.0%) Embryos implanted 19
them abtrisdmber 63 s6Progaie 1388 Mumbieyd§ pregnatigies 146tdNidibertofal of 5
deliveries 1 3 Births 1 (5.2%) 4 (6.55%) Number of transgenic animals
healthﬁ(ﬁéismnwﬁﬁ&mﬁ faeahsineiBiest ROt ahd raké prggrpyets had

o SR R NERAR SRS o
femaletMidrid@tsmand MenMd MaNN MV A D M Q1M ﬁborn offspring, 3 offspring were
derived from embryos in which CAG-EGFP had been injected and 2 offspring were
derived from embryos in which CMV-EGFP had been injected (Table 4). Therefore,
CAG or CMV is preferred as a promoter. Also, as shown in Table 3, the EGFP
expression rate was 40.8% when preimplantation (IVF) embryos not treated with sucrose
had been used; and the same was 97.7% when preimplantation (IVF) embryos treated

with sucrose had been used. The EGFP expression rate was significantly high (P<

0.01) when sucrose treatment had been performed.

Table 2
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WF Natural
Number of GV occytes 460 No data
Number of Ml oocytes 201 No data
Number of IVFs performed {including Mi) 272 No data
Fertilization rate (%) 121(77.9%) No data
Nurnber of embryos - 654
Number of lentiviral injections 27 64
Embryos for which GFP expression was confirmed 23 50
Embryos expressing GFP 17 (73.9%) 48 (96.0%)
Embryos implanted 19 61
Number of surrogates 13 38
Number of pregnancies 1 8
Number of deliveries 1 3
Births 1(5.2%) 4 (6.55%)
Number of transgenic animals {Tg) 1 4
Production rate (Tg/injection) 37 6.25
Production rate (Tg/ET) 5.26 6.56
Production rate (Tg/birth) 160 100

GV: Germinal vesicle
Ml Metaphase |
Mil: Metaphase [l
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Table 4 Animal No. Name Gender Introduced vector No. 584 HISUI
Female CAG-EGFP No. 587 WAKABA Female CAG-EGFP No. 588
BANKO Female CAG-EGFP No. 594 KEI Female CMV-EGFP No. 666
KOU Male CMV-EGFP No0.594 and No. 666 are twins. (2) Transgene
Integration The integration, transcription, and expression of the transgene
in the marmoset offspring were detected using placentae, body hair, skin,
nd blood. Since a marmoset usually eats its placenta after delivery, only
Table ree placentae, of animals No. 584, No. 588, and Nos. 594/666, could be
AnimafOligcted. Gemmon marmpsetwins share e same Placenta, and thus
No. 594 and No. 666 shared the same placenta. Transgene integration
No. 58was firstly deigtmined immegdistely afteabirth 0P placentae and hair roots

and then secondly determined by real-time PCR using genomic DNA
No. S8dxtracted 196\ kmbriths dftardith frdn$kif @R blood. Table 5 shows the

results of real-time PCR jn terms of EGEP trapsgene levels relative to the
No. 58élood of nm genic i%ﬁ]i?r{%n mg;;%é;&t . Transgene integration was
No. s99bserved iganimals No. bg4 apd No-38%. pufwas detected at extremely
low level in Nos. 594/666. Transgene integration in body hair, ear
No. 668ections, aRaiblood was gidskrved in arvivalBMNe? 584, No. 587, No. 594,
and No. 666. Southern blot analysis was conducted using DNA extracted
from: cultured fibroblasts of skin sections of animals No. 584, No. 587,
0. 594, No. 666; blood of all 5 offspring; and placentae of animals
NO‘”%@@%& %%géé%,ﬁghné ‘Nos. 594/666. Fibprob?asts cguld not be obtained
from No. 588 since they did not grow even when -32 cultured, Southern
blot analysis revealed that at least 4 copies of the transgene had been
(2) Tramtegratbd dntatida. 584 and 2 copies of the transgene had been integrated

into No. 587 (Fig. 4). Furthermore, integration of a plural number of
C&“&@gr&pa@t{p&méwérlpt1on, and expression of the transgene in the marmoset

o]

offspring were detected using placentae, body hair, skin, and blood. Since a marmoset
usually eats its placenta after delivery, only three placentae, of animals No. 584, No. 588,
and Nos. 594/666, could be coliected. Common marmoset twins share the same
placenta, and thus No. 594 and No. 666 shared the same placenta.

Transgene integration was firstly determined immediaiely after birth for
placentae and hair roots and then secondly determined by real-time PCR using genomic
DNA extracted 1 to 2 months after birth from skin and blood. Table 5 shows the results
of real-time PCR in terms of EGFP transgene levels relative to the blood of
non-transgenic common marmosets. Transgene integration was observed in animals No.
584 and No. 588, but was detected at extremely low level in Nos. 594/666. Transgene
integration in body hair, ear sections, and blood was observed in animals No. 584, No.
587, No. 594, and No. 666.

Southern blot analysis was conducted using DNA extracted from: cultured
fibroblasts of skin sections of animals No. 584, No. 587, No. 594, and No. 666; blood of
all 5 offspring; and placentae of animals No. 584, No. 588, and Nos. 594/666.

Fibroblasts could not be obtained from No. 588 since they did not grow even when
-390 -



into the genome was confirmed in the fibroblasts and peripheral blood

cells of No. 594 and No. 666 and the placenta of No. 588. In animal No.

588, transgene integration was observed only in the placenta. In Nos.

594/666, no transgene integration into the placenta was observed (Fig.

4). To identify the chromosomal transgene integration sites, fluorescence
culturgd sitFoHiivridiZinori(EISHY wasPedfohaiedt BonsidtenprwitrpSdirhiertsions had

.FISH results confirmed a plurality of integration sites in the chromosomes
b 1RGP IHDCP 1RO B MR oG AP G WRRTRRRA 1 o No
587 (I%Ey@i)g.ev?@{ﬁ)éﬂﬁgi%f Qﬂ%}f\gﬁbndgﬁeéeﬂﬁgﬁnﬁgﬁﬁﬁlingfq{g}g@@ B?qgénﬁransgene

able 6). In animal No. 5 transgene integration sites'were observed

into tiengehremosamesndirfhekiliatit k3sbNeisS8d gdiftesastabignals wdeof No. 594
observed on chromosomes 3 and 12 of peripheral blood lymphocytes. No

and Newbeielipizdibiesidraistaefd obséted in perptieral Bidddignghoeytéegration was
samples of No. 588, No. 594, and No, 666, which had a plurality of, .
obsery At B Ao, e S0 A GRS tiRerEibAsbEe it the
placellii"eﬁﬂﬁg%gé’r\@éifm%dj& animal No. 594, suggesting the presence of 6 or
more patterns. Animal No. 666 was found to exhibit 13 integration

paltendsnwhicthwasitbe bighest numbenc QhtberdBdnvastigaR@drescence in sifu
_ karyotypes, 8 samples were of the female karyotype, owing to
hybridizadipatépbidtic BHitRerisimEsuset B iBRd wilsh Segehaith RtptwiRISH results
an 94. Fig..5,shows photos of the th%f, born transgenic cp

imal No. :
confir o S i 5738 U SANBIA P P RGUERB oAl a4 RAg! Dlood

lymphd&ds. B'%ﬁ&%&ﬁ%%%?ﬁi&%?@%&l&ift%%%&é%émﬂpt%e% IR_Uis with
ear 52.4(44.861,3) 4 HISUI blood 53.9(32.589.6) 5 HISUI placenta

differe@d. G HAe 2)nie SMAAiIcA BAtbody Hantls. B({14.0nlaGmal VWAKABA earransgene
integrazt%fl g%g'sélwg}?ellz)b%e\{‘\\/f@c}i( 'g\z? éh?é%?gszgf(:g'g, 79, 01)1, and 13. In No. 587, different
signals were observed on chromosomes 3 and 12 of peripheral blood lymphocytes. No
hybridization signals were observed in peripheral blood lymphocyte samples of No. 588,
No. 594, and No. 666, which had a plurality of transgene integration patterns.
Integration of at least 3 different types of transgene was found in animal No. 594,
suggesting the presence of 6 or more patterns.  Animal No. 666 was found to exhibit 13
integration patterns, which was the highest number. Of the 13 investigated karyotypes,
8 samples were of the female karyotype, owing to haematopoietic chimaerism caused by
blood exchange with its twin, animal No. 594.

Fig. 5 shows photos of the thus born transgenic common marmosets.

Table 5
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9 BANKO body hair 0.1 (0.1 0.1) 10 BANKOear 0.1(0.00.1) 11 BANKO
blood 0.1 (0.0 0.0) 12 BANKO placenta 163.7(128.5208.6) 13 KEI body
hair 432.0 (405.7 460.0) 14 KEI ear 352.7(252.5492.7) 15 KEI blood
39.4(26.0=--59.6) 16 KEI,KOU placenta 4.0(1.88.7) 17 KOU body hair
51.6 (42.6 62.5) 18 KOU ear 34.9(17.9 68.2) 19 KOU blood 220.2(95.1

No. 509a8)p20 KEI,KOU pladesi& #06b88. Bral:*Value relative to

1 noN%gqgg‘@@g:[&;almal b: Neg@t(iyq Q%;‘m Non-transgenic marmoset
(1 od—Table 634 Offspring No—Sample No.

2 5 %%Qh%glfrﬁ%brated chromossfne NG E 400127130027 13 00327

3 136084 ¢a7 13 005 1 3 7 G¥ei24#.4£483D07(7 13 00827 13 01127 11

4 131318 Robd 1 13 587 00153 d2092 8.603 3

5 HISUI placenta 85.9(76.0 £ 97.2)

6 WAKABA body hair 15.2(14.0 £ 16.6)

7 WAKABA ear 20.4(16.4 + 254,

8 WAKABA blood 7.8(6.8 £9.0)

g BANKQO body hair 0.1(0.1£0.1)

10 BANKO ear 0.1(0.0 + 0.1

11 BANKO blood 0.1(0.0+0.0)

12 BANKQO placenta 163.7(128.5 + 208.6)

13 KEI body hair 432.0(405.7 + 460.0)

14 Kkl ear 352.7(252.5 £ 492.7)

15 KEl blood 39.4(26.0 +59.6)

16 KE!LKOU placenta 4.0(1.8+8.7)

17 KOU body hair 51.6(42.6 +62.5)

18 KOU ear 34.9(17.9 £68.2)

19 KQOU blood 220.2(95.1 + 509.8)

20 KEI,KOU placenta 4.0(1.8+87)

a: Velue relative to non-transgenic animal

b: Negative control Non-transgenic marmoset {12443} blood

Table 6



004 2120063 007312 0083 010315 0123 013312 588 no signal
59400145714 0021257 20112351120251219 30224 4011
58666001513 002222 0039 004145 007291218 00823012
57911 31015122021122 203391720 2051303220X31319
12 20 (3) Transgene transcription and expression As a result of RT-PCR,
OffsprifeNSerplio sinbleNB, gene rixiNMdyas0bared BHRendImEONES of all
584 offspring exgiyding No. 588 and In the whole blooa7of No. 584 angzNo.
002 7 13
003 2 13
004 2 13
005 1 3
008
0G7
008
011
012
587 001
002
003
004 2 12
006
067
008
010
012
013
588 no signhal
594 001
002
201
202
302
401
066 001
002
003
004
007
008
301
310
202 1
203
205
303
313

14 13
13
13
11 13
11 13
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(3) Transgene transcription and expression
As a result of RT-PCR, transcription of EGFP gene mRNA was observed in the

hair roots of all offspring excluding No. 588 and in the whole biood of No. 584 and No.
=35 -



- 35 587. In placental samples, EGFP gene transcription was confirmed in
all placental samples of No. 584, No. 588, and Nos. 594/666 (Fig. 6).
EGFP fluorescence was directly detected by fluorescence microscopy
using hair roots, skin sections, and placental samples. For preparation of
section samples, small pieces of ear skin and placental samples were

587, Empkddathins@caiCoRpdithacisakuvastingtioR), oz a9 iiligeid Hirrogenacental
and.then stored af -80C yntjl an is. To .confirm EGFP expression in

Sampleﬁs&&é’; i?%l%’tﬁ%h%&% cﬁ%m(éﬁa?r%‘i@g \&ég'c%n@cted for small pieces of
SN AN RlasRtQl fiSgHe SAMRlES L MHARRISIOCeMIGAL ARalRIS sing hair

revealed that EGFP was strongly expressed in the ear skin and stromal

roots, €lelisebthehplacenaecindlkinepdnimals exeepitiood 8T, £GFM samples, small
expression was observed in hair roots and skin. Placental samples from

pieces Nt 584 afitlINGHBRsHEWE] EREP! expregsiosraidtilevelsObut nompound
EGFP expression was detected in Nos. 594/666 (Figs. 7, 8, and 9). ,

(sakur R 00 SIS TSN TR by toradlers ARG Ahelysis. To

confirkFEGD)- FACS BRalsis ShawstEGRR axpressian inytheperipherahBleods for

cells of No. 584 and No. 587. The expression levels thereof were 22.8%
small @#Bck? 1o8%arekpeatidepl{&dgtdl O)sshé& Emekpressiomiavaisiodhasecblaatiysis
cells, granulocytes, lymphocytes, and macrophages were 43.4%, 15.9%,
revealegnthab B Pesppactivenein rovsss iy 4e 7, K500 datapdogells of the
respegctively,.in No. 587. The Results of EACS analysis corresponded o .
placen g T AR BBk e e T A AT ot At B g haie
roots akx@mplesghating gﬁﬂﬁﬂc%”ﬁoﬁ?%ﬂ@@%@@é?%§%$@8§9§@ﬂ‘/‘@§aressien

not only integrated into somatic cells, but was expressed therein. The
at highrlesults dfithe EXaRNpies ceshanstratddizat dthenSi vetdisadsgt ghetel and 9).
effective for 1%ene transfer for the production of transgenic common

iARRSERS. HORREATIBIESiTVTE EXRISHIRS e RV AMIHIBRHIBI FoAbiTetFACS):
FaCs SEA0Y A0 SBUVONICSIATE RS ARSROIS AR LANIRICAUIR YR S88551d o

nical erences between convent me S an € metno

587. the bXproplRsmars;idhemse-0f preimplaniediomembryos abtypadbyy (Fig. 10).
natural mating in the method of the Examples; the use of high-titer SIN

EGFP vexporssivithe setie; andtbvecusblopdd. 281 sgeroséoirythe, sdsmphocytes, and

macrophages were 43.4%, 15.9%, and 36.5%, respectively, in No. 584, and 47.7%,

0.25%, and 32.0%, respectively, in No. 587. The Results of FACS analysis

corresponded to the result of RT-PCR.

As described above, it was demonstrated by the Examples that in 4 transgenic
common marmosets, the transgene was not only integrated into somatic cells, but was
expressed therein. The results of the Examples demonstrate that the SIN vectors used
herein are effective for gene transfer for the production of transgenic common
marmosets. Furthermore, in the Examples, lentiviral injection performed at as early an
embryonic stage as possible also contributed to this success.

Technical differences between conventional methods and the method of the
Examples are: the use of preimplantation embryos obtained by natural mating in the

method of the Exampies; the use of high-titer SIN vectors in the same; and the use of

(.25 M sucrose in the same.
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-36 Example 7 Germline transmission in transgenic common marmoset
The presence or the absence of germline transmission of the transgene
was confirmed using the sexually mature transgenic common marmosets
(#666 and #584) obtained in Example 6. Semen samples were collected
from animal #666, live spermatozoa were collected by the swim-up
method in TYH medium, and then RT-PCR analysis was conducted.

uhsequently, in vitro fertjlization (IVF) was performed by the following
Examﬂ%%?og%gm e RN LT SN 8688, SRR e Rty of germ

cefighaying e Hansoenewas QE‘%%%%Q%XE%JE%%%‘P@e transgene was

hyaluronidase were washed using TYH medium and then added to 707l of

confirghiapletsad e/ Gekaanh ahdiid dropets cobtaineshlth 00eytesaticcs and #584)
maximum. Ten (10) L of semen was added to each oocyte incubation

obtaingdopidixFhe!difial concentration of spermatozoa was 5 x 106

spermatozoa/mL. After 26 tq 30 hours of fertilizatjon, oocytes were
e FOERIEE oSG A (B ABF Ll i TUH, seo7os were

coltectdfedicyitNosan). Fefllized sibryes Wers GHIUreH IRLAGHOBISIN BME was

mediim and then transferred to ISM2 (Nosan) medium containing feeder
condueels ofSneugadedyses. RiF-PEeRi Wasi perfovapday thefiatevdngethdiowing

Poly(A)+RNA was isolated from tissue samples using a Quick Prep Micro
metho g Pemfiatiole Kitd GR i daifte and Bhoscibades)iliongl sampled) Wwaeyving the
; subj‘%cted t?Hre erse transcription using an Improm-II Reverse
ramg%%ns%sri%}ﬁ% System (Promega KK). Half of each poly(A)+RNA sample

W IsAcled MLy TeYE 36 IRRAGURIRSE dor Trslintrand eDNA YRS and then

The other half was used as a negative control without réeaction with
added revétsaltrandedplase. AdregetnmilneatiandIMisIiDdrapidysisoith8dembamstes at
. were used for RT-PCR. PCR was performed using 1/10 the first strand
maxingmNA afe &l Pire @mmwswmw%@ﬁzw@aehakaea’ssiwm@%lpmroplet The

final cra%%%%%%t%a?s g?%%%%’o%‘gg%&g'sniﬂ 10 ﬁwﬁp@%”n‘é%%%?%ﬁ pr%?%)l% Fﬁ?%o hours
etection o gene‘expression, PCRwas performed for 35 Cycles

of fertP@ehticaNising:of Henatuing &t IRfaekd seqondpiarnedingat 6AGHAT with
ISM1 ;S;Z,dium (Medicult; Nosan). Fertilized embryos were cultured for 48 hours in
ISM1 medium and then iransferred to ISM2 (Nosan) medium containing feeder cells of
mouse fetuses.

RT-PCR was performed by the following method.

Poly(A)+RNA was isolated from tissue samples using a Quick Prep Micro
mRNA Purification Kit (GE Healthcare Biosciences). RNA samples were subjected to
reverse transcription using an Improm-II Reverse Transcription System (Promega KK).
Half of each poly(A)+RNA sample was reacted with reverse transcriptase for first strand
cDNA synthesis. The other half was used as a negative control without reaction with
reverse transcriptase. For germline transmission analysis, 2 to 8 embryos were used for
RT-PCR. PCR was performed using 1/10 the first strand ¢cDNA and a Prime STAR HS
PCR enzyme (Takara Bio Inc.). PCR reaction was performed according to the

manufacturer’s protocols. For detection of EGFP gene expression, PCR was performed

for 35 cycles each consisting of denaturing at 98°C for 10 seconds, annealing at 60°C for
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10 seconds, and extension at 72C for 30 seconds. Primers used herein
were EGFP5-4 (5'-CAAGGACGACG(JCAACTACAAGACC-3") (SEQ ID
NO: 9) and EGFP3-3es (5-GCTCGTCCATGCCGAGAGTGA-3") (SEQ ID
NO: 10). Subsequently, 1/12.5 of the PCR product was amplified again
using the primers, EGFP5-6 (5-TCGAGCTGAAGGGCATCGAC-3") (SEQ
10 secopdioniigxdne RERP32I C(HHNTEASCANE TATAGCAGGACCAT By ¢ SEd P5-4

(5B SRR &b TaY o S0cRN aoaiig 1 6Bt 17 G5P-2es

(5 '-GCW@%Q@@@@S@&W&@%@B@@%@% ¢8Nele Fop fetection Qlddactini2 s of

expression, PCR was performed’for 35 cycles each’consisting of

the RIERatupnglatO4Giier 1Q:seticids, anngalingéhe0C fer 10i586ends, aEFP5-6
extension at 72C for 30 seconds. Primers used herein were (3-actin 003

C-TCEAGCEASTECCABEACSAGAT-3PIEQ I NAIE3), (BlactifodsREGFP3-1

e QR AR R S R R Bl o v

perforni%%‘%%@? &%@éﬂjﬁ@fpp{)ﬂ@g@ﬁ(@ r&sﬁ-@ﬁi\@(ﬁﬁ% %P@%B@%'p Q?EI&SSH& Qlfmealing

. Fig. Il shows the results’of RT-PCR analysis for swim-up

at 60°CSermatazeadnantVExembinos froamE#666: @asecnatiyral enbiyes fiomof f-actin
#584 and wild-type animals. The top center shows the result of RT-PCR

expresyupalyEidusing IRGPRreddith e botish sshivilisctis  {B3ndcth Qursteips adssf C for
as.a control. Next, in vitra fertilization (IVF) was performed using semen

10 scof S CRRURE AGE, ndrodh SRS TEHY S QSR CETo Nathog . seconds.

Primer{’3599NE MASRARRHZEA I WS (RVRAISH bY flergereRceAer_ICoRY ¥1Y 1
20% to 25% of embryos generated by IVF strongly expressed EGFP. Fig.

NO: 132 showis: thediight-figld GX) Bha decderk Geld (B)oh eafiiorditadce 14), and

images obtained by epifluorescent rr]icroscoi)lé5 erformed for IVF
003R (Enthinfds COeridt E&%ﬂ@@ﬁéﬁb}ﬁ%f are’indicated by white

""KOVA’%H\'? emaining, embryos are WA'%“éP{? SB@P%&% %@I%/r;[f%% M oerm cells
em%ryoso &8 gxpresse éllgﬁ.alglg.i shows high-level expression

of #666f EGEP1BYshwemiyyes.Meanwhitec pvhen & unisiiantadilivepaait@lzoa and

embryos were collected from #584 thereof, one of these embryos strongly
IVF endxpyressadnEGEP, inwaw tonafinndd o RDiRERSthanll/Fiddntyposiofropds.  The

#666 and 2 natural blastoc¥sts from #584 expressed the EGFP transgene.
top centgg shows the resuit of RT-PCR analysis using EGFP and the bottom Shows the

p-actin gene expressed as a control.

Next, in vitro fertilization (IVF) was performed using semen collected from
#666, and then the fertility of germ cells having the transgene was analyzed. It was
revealéd by fluorescence microscopy that 20% to 25% of embryos generated by IVF
strongly expressed EGFP. Fig. 12 shows the bright field (A) and the dark field (B} of
epifluorescence images obtained by epiffuorescent microscopy performed for IVF
embryos. Spermatozoa and IVF embryos of #666 are indicated by white arrows. The
remaining embryos are wild-type embryos. Only the IVF embryos of #666 expressed
EGFP. Fig. 12 shows high-level expression of EGFP by IVF embryos. Meanwhile,
when 3 unimplanted live natural embryos were collected from #584 thereof, one of these
embryos strongly expressed EGFP. It was confirmed by RT-PCR that IVF embryos

from #666 and 2 natural blastocysts from #3584 expressed the EGFP transgene.
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Example 8 Production of Parkinson's disease model common marmoset
by mutant a-synuclein (SNCA) overexpression In the case of human
familial Parkinson's disease (PARK1), the a-synuclein gene is mutated
and the a-Synuclein protein is mutated so that alanine (A) at position 30
of the amino acid sequence is mutated to proline (P) and alanine (A) at
position 53 of the same is mutated to threonine (T). DNA complementary
to the common marmoset a-synuclein gene was cloned, a mutant

(cDNA set g
Emmgisy%u KA c%%géﬁ%waﬂﬁgstodwﬁﬁdﬁp&%yﬁa@m%@a@‘@rﬁﬁﬁﬁn‘a\% mutant
oc-synmﬂ?l(gﬁ@f}{' ?Qag&g§&%§o as prepared, and then the marmoset

mutant a-synuclein gene and a red fluorescent protein (NRFP) gene were
flanked oy 20 REPHGR sequenGes PawnsisaamdioiarRERleRNOMatey, $Qynuclein

that a lentiviral vector expressing a fusion protein of the two genes was
gene igonstaicteandtithig HineycERlmateis isetés al prothatedafige 18) stigwsition 30

the structure of the lentiviral vector. Ovarian stimulation, oocyte collection,
of the R BREAF SR ThefuRatiot P Bam?@a B WA WaSEibRe i Of the
same @&W%é a{g)d %‘ré)}ﬂ';?el vastor PRLESR %1%%93?}“%%@3??{? the common

common marmoset mutant a-synuclein gene and the'red fluoréscent

marmpietain PR gepentanked by ah peptidesedspneasiwasiejeeiedsiiading to a
the mature oocytes (obtained via IVM) at the MIl stage in a 0.2 M-0.3 M

mutang sergigersotutigsnolithonfentifeamtion (NF)ines thdispadonmedraseed, and then
mutant a-synuclein gene and the red fluorescent protein mRFP gen

the S AR el U BaBR BRLALE dF RS ThEBRIAER, @R e vwere

ﬂankett‘fvg_}p QOA%W %%&S&e&io%ﬂﬁ%gﬁuog fon e f&%ﬂo@@%ﬁl‘%ﬁt a lentiviral

‘weight. Introduction of genes into oocytes at the MIT stage enables
vectoprogiuetionofa tfarisge pio @nimals hdtivowseiasaicdatesadtnderd. At this time,
fluorescence microscopy, only morula fertilized eggs expressing red
EFlo fiypsrased meproiomoiere iMiglahicthimh B aiteivetwigred dhtel cebmmsdryector.

marmosets. Fig. 14.shows gotos f in vitro fertilization (A).and the thus
S e B e ot Word R iy, were

perforfgsdlbofiadaiemingedest Iing.ApcampIen marmoset iGrasARE expressing a
marker, it was revealed that the offspring were derived from oocytes and

fusiongperriatof chedanomanimalsdstamesult of RTRER ysing dwainhoatd 3Biorescent
ororcig 2RISR, the 2 gbained ospring expresced MRFP and e e oyuCen o
oocytes (obtained via IVM) at the MII stage in a 0.2 M-0.3 M sucrose solution. [n vitro
fertilization (IVF) was then performed. The mutant o-synuclein gene and the red
fluorescent protein mRFP gene were separated after expression because of the 2A
peptides, so that the two proteins were expressed at a ratio of 1 : 1 in terms of molecular
weight. Introduction of genes into oocytes at the MII stage enables production. of
fransgenic animals with low mosaic rates, Under fluorescence microscopy, only morula
fertilized eggs expressing red fluorescent protein were implanted in the uteri of surrogate
common marmosets. Fig. 14 shows photos of in vifro fertilization (A) and the thus
generated morula (B and C).

As a result, two offspring were obtained. As a resulf of a parentage test using a

common marmoset microsatellite marker, 1t was revealed that the offspring were derived

from ococytes and spermatozoa donor animais. As a result of RT-PCR using hair root
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roots. Non-transgenic animals have the a-synuclein gene, but they do not

express the gene in hair roots. Hence, there must be a difference

between transgenic animals and non-transgenic animals. Fig. 15 shows

the results of a parentage test using microlite markers. In Fig. 15, the two

samples (12343 offspring | and 12343 offspring 2) shown in the lower two
samplega8ess Inelitaiiecd risPripignsorhpRsssHowR it Bied 18 e yardeypeoicthe the hair
) 1CJO03-NED marker n(ilthat f the CJ091-FAM marker agreed with that
o015 oA FIB FERS A the ekl 6 P IE W) GBSV R ikl BPaS Ry (e

gene 3PS TdNE. rertit Indicaies Mnarihe AllSBERAINALAAVERREAAAMs and
were derived from the donors (12991 and IH555). Fig. 16 shows the

non-traiesuliscofRMPCR fghal shotsamplessiiamdhe favs:obiaited adapatasrolite
The left and the center lanes in Fig. 16 indicate hair root samples from

markerpeohatel ahd: tHe rigiet aRwintidatess 2 Samphe flotn b A d3nyp Eportnbshown
. t. Fig. 17 sh hoto of the thus gbtained Parkinson'
i e G T R e e S e o

the 1CIDERIESHLIRNERTON: deyelppRanigbengingeringls WiIEthat of sample

provided for producing transgenic primate animals such as transgenic

TH555, madnbsegsibag peant b 41560 &5 Wit anadiseaseresddel tnihrals ffd991.  This
example. The use of the techniques of the present invention makes

result indicabre thatefheiontsptioaubabisfgoberin ¥ Rito deBNyE By fdonors

pri im S0 that transgenic prim | an be efficientl
2991 B B R e G & S s from the
thus oMIGRRIIPYRD AR sherei integraled ity refprencs dn their entiretyn O Claims root
1. A method for introducing a foreign gene into an early embryo of a

samplendrhuncangseisnatd thnimght dempiisingaddingapledilyrembryll gf pe common
non-human primate animal to a 0.2 M-0.3 M sucrose solution tg perform

marmoggferokitrddirBAt Intré4sity the Woltime SPIREIGeAvitting AsaRemhfliscase
model %Q injecting a yviral vector containing a human foreign gene operably

inked to a promoter into the perivitelline space of the early embryo. 2. The
Industrinerigdiagsniding to claim 1, wherein the volume of the perivitelline space

oLtcrc]:?)rding to the present invention, developmental engineering techniques are
provided for producing transgenic primate animals such as transgenic marmosets that
can be used as human disease model animals, for example. The use of the techniques of
the present invention makes possible the efficient introduction of foreign genes into

early embryos of primate animals, so that transgenic primate animals can be efficiently

produced.

All publications, patents, and patent applications cited in this description are

herein integrated by reference in their entirety.
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early embryo is increased by sucrose treatment to 1.2- to 8-fold the
volume of the same before sucrose treatment. 3. The method according
to claim 1, wherein the foreign gene in an amount 1.2- to 8-fold the
amount of the foreign gene that can be injected into an early embryo not
treated with sucrose is injected into an early embryo. 4. The method
according to any one of claims 1 td@M&herein the primate animal is a
{ A mDes )set. 5. The method according to an one of claims/ to 4,_where|n . )
s e B D L Sy Sra i G
animal 2R AHBAGMEALMAGIAN ANEaR BRANPASSALIALRANIIRhYEHRRa® FhBnal 1o a 0.2
method according to claim 5, wherein the viral vector is a lentiviral vector.
M-0.3 } Teemwethothitiocotdipgtivanysonesf deimsehitoi6cwherainitkhevedulye of the
. ..embryois a preimplantation embryo between the pronuclear stage and
perivitgHinm SRAE stib Tt i BHHARct BiAh a9 Py g0 T Behagibdoreign gene
b CPO{{%ICYI] tg any one of claims 1 to 6, wherein the early embr Is an
operas e B e ot R S ST BSS

2. The alinined by artificia) dpseMinatier: 9. (hhe Metnod@aeearding 49180y RS f the

claims 1 to 8, wherein the viral vector is injected at a titer ranging from 1.3
early exnb0® CFldeas8dB0SuCRkE perambryt 10 -Amifudd fbe prdducing he same
transgenic non-human primate animal in which a foreign gene can be
betore gueeRsitied B germline, which comprises introducing a foreign gene

3. The iﬁ%@&aec%@}‘d‘?n %"81?1%&'13 methad accer ei{‘ﬁ%t aoyone of claims L Egy $-10ld

implanting the -41 early emibryo containingt reign gene introdtce

the amdb@rain fhtora-sigiogate Mmatbes, rnth; teeni develapingrthe et Healbi€ with

method for producing a transgenic non-human primate animal according
sucrosetdsclaliestetDinithenciativecfobeign gene is a gene involved in a human

disease. 12. The method for producing a transgenic non-human primate |
4. The Jgihat, %%%]r'if{jﬁbgtbo BB WISLHEIR the e RGN LI B RRafmal s o

marmo&ligease is a mutant a-synuclein gene that is a causative gene for human
Parkinson's disease or a mutant Huntington gene that
5. The method according to any one of claims 1 to 4, wherein the viral vector is selected

from the group consisting of a lentiviral vector, an adenoviral vector, and an
adeno-associated viral vector.

6. The method according to claim 5, wherein the viral vector is a lentiviral vector,

7. The method according to any one of claims | to 6, wherein the early embryo is a
preimplantation embryo between the pronuclear stage and the morula stage that is
obtained by natural mating.

8. The method according to any one of claims 1 to 6, wherein the early embryo is an
embryo between the pronuclear stage and the morula stage that is obtained by artificial
insemination.

9. The ﬁlethed according to any one of claims 1 to 8, wherein the viral vector is injected
at a titer ranging from 1.3 x 10° CFU to 1.3 x 10° CFU per embryo.

10. A method for producing a transgenic non-human primate animal in which a foreign
gene can be transmitted to the germline, which comprises introducing a foreign gene info

an early embryo by the method according to any one of claims 1 to 9, implanting the
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is a causative gene for human Huntington's disease and the human
disease model primate animal is a human Parkinson's disease model
primate animal or a human Huntington's disease model primate animal.
13. The method for producing a transgenic non-human primate animal
ording to, claim 11, wherein the foreign gene is used for knocking out

ac
carly %H%éﬁa&é’éﬁ%’é“ﬁ&%" AT SRR AR AR ORAIEY TR YR SR 5 S fumadher. and

then d9€08IE I%fﬁ:d ﬁ@r Iman disease and the transgenic npn-human primate
e antlgringﬁlsg a uefnan Isease model knock-out primate animal. 14. A

11. TH¥ansgedicRinateaninakwiienis edueehy the methodaaeoiding 8 claim
any one of claims 11 to 13, wherein a foreign transgene has germline
10, wheasisrthssioreabiliggngSs A peresgenit pdimatd ammadiwherein a mutant
humarhaéfy;uclein gene that is a causative gene for human Parkinson's
8} O

12 This PataPFiliHah HERREN HeRe AT Aeatsaniagete 951 08 to
%glﬁgedf 981%%1&2 1@'[50%%%9 Hl%%@?saé‘ qn%%igce&—eslméﬁ%egin gene

claim rﬁ‘%ﬁe'fgf tltrﬂ%i
transmitted to th& germline. he transgenic primate animal accor

that ist@ claimtkk, ydiiehds RupwmanRaskinsesedisease mogek pimaieaninahe that
or a human Huntington's disease model primate animal. 17. The

is a capmibepto i dtenzi halvdicas edifsgliscelsiands lor 1@ pwhéreiastherodel primate
animalp{lsn;x %n?zg{nf’%lr Sinasgrllasr ?sse%ts'e-?nzodei primate animal or a human Huntington’s
disease model primate animal.

13. The method for producing a transgenic non-human primate animal according to
claim 11, wherein the foreign gene is used for knocking out an endogenous non-human
primate animal orthologue gene of a human gene involved in a human disease and the
transgenic non-human primate animal is a human disease model knock-out primate
animal.

14. A transgenic primate animal, which is produced by the method according to any one
of claims 11 to 13, wherein a foreign transgene has germline transmission ability.

15. A transgenic primate animal, wherein a mutant human a-synuclein gene that is a
causative gene for human Parkinson’s disease or a mutant human Huntington gene that is
a causative gene for human Huntington’s disease is introduced thereinto and the gene is
transmitted to the germline.

16. The transgenic primate animal according to claim 15, which is a human Parkinson’s
disease model primate animal or a human Huntington’s disease model primate animal.

17. The transgenic primate animal according to claim 15 or 16, wherein the primate

animal is a marmoset.
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