*159159* DESCRI PTION MONKEY- ORI G N EMBRYONI C STEM CELLS 5 TECHNI CAL FI ELD
The present invention relates to a nonkey-derived enbryonic stem cel

Which is usef | ogi cal studies, studies of diseases, clinica
app'iC&tiOﬂS,“&Mme“mmmma nodel s, and tlhe |like on primates, particularly
on human and nmonkey; a method for producing a nonkey-derived enbryonic
10 stemcell, by ﬁﬁwﬁ% t he nonkey-derived enbryonic stemcell can be
obtained in a high yield; a method for screening a reagent for specific
differentiation into a tissue or DESEIRIPTIGN:h i s useful for obtaining the
desired differentiated cell or the desired differentiated tissue; and a
differentiated cell or differentiated tissue. 15 BACKGROUND ART An
enbryoni c stem cel | $2ereinafter also referred to as ES cell) is an

undi fferentiated cel - NUEMBRY(NIGnSTEM GELLSt y of
self-replication. In addition, it is suggested that the ES cell has the
ability to repair damaged tissues. Therefore, intensive studies on ES
cells have been conducted, since the 20 ES cells are useful in the
screéni ng SEGHNIGAL HIELD bst ances for various di seases, the field of
regenerative nedicine, and the like. Currently, nouse-derived ES cells have
been wi del y usedhepreseat inveatigngelatesitpa mopkex-dedvedembryanigistearced mouse
in which a specific gene has been altered by gene targeting, and the |ike.
However, i Whiekeiscusebuldor embrygloicehstudiesostud®s b diseages; cliBiFaks cel I's on t he

nodel s of human di seases, the expected effects ~ .
applications, experimental models, and the like on primates, particularly on

human and a monkey; a method for producing a monkey-derived embryonic

10 stem cell, by which the monkey-derived embryonic stem cell can be obtained in
a high yield; a method for screening a reagent for specific differentiation into a
tissue or a cell, which is useful for obtaining the desired differentiated cell or the

desired differentiated tissue; and a differentiated cell or differentiated tissue.

15 BACKGROUND ART

An embryonic stem cell (hereinafter also referred to as ES cell) is an
undifferentiated cell having the pluripotency and the ability of self-replication.
In addition, it is suggested that the ES cell has the ability to repair damaged
tissues. Therefore, intensive studies on ES cells have been conducted, since the

20 ES cells are useful in the screening of therapeutic substances for various diseases,

the field of regenerative medicine, and the like.

Currently, mouse-derived ES cells have been widely used in, for instance,
the production of an engineered mouse in which a specific gene has been altered
by gene targeting, and the like. However, in the case of the application of

25 mouse-derived ES cells on the models of human diseases, the expected effects
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*@00002* 2 may not always be obtained for the follow ng reasons: a) there
are sone genes expressed at different ,stages between nouse enbryos and
human enbryos; b) the structures or functions of the extraenbryonic

ti ssues such as the placentas are diff2rent; c) the structures of the
enbryonic tissues of the early-enbryos nidated 5 are different. On the

ot her hand, nonkey-derived enbryonic stemcells are suitable for use for
the studies of human di seases, because they are nore closely related to
human, as meppwtatvays boobleinedrfov st fedloyeng scasans:t)dhereasp somicrgenes y 200
ki nds of nonkeys have been conventionally 10 known around the world, the
types of nexpressedins aliffersnt stages betwiean neoysercnthsyos and hemanrfnkiyosnb) he
current situations. Hi gher primates can be roughly divided into the

fol | owi ng thestmcturpes or functivasofishd extrrambnyesicTissueostabrastthe phagegntas are
(Callithrix jacchus) has been widely known, and 15 used as an experinental
primate. Tdidfatente chhessiructres o€ thaeembyondc ssuespé thesearhaginbayosynidated) ar t o
that of the Od Wrld primate, with sone differences regarding the

st r uét ur esagfdiffigeerdbr yos or the placentas. (2) Od Wrld Primates The O d
VWrld primate is a primate extrenely closely related to human. 20 The
rhesus nonkey (Qacthe#tharhandamoakeaytdesived ambsyejiis stemmkells prsaiehle for
fascicularis) are known. The Japanese nonkey (Macaca fuscata) belongs to

the sane usnfes the smdigsmfhumandispases, heceussthes aee mareclaselyrmedatgd i@l opnent
of the
human, as compared to mouse-derived ES cells.

Although approximately 200 kinds of monkeys have been conventionally
10 known around the world, the types of monkeys used for the routine experiments
are limited in the current situations. Higher primates can be roughly divided into
the following two groups:
(1) New World Primates
The common marmoset (Callithrix jacchus) has been widely known, and
15 used as an experimental primate. The development of the New World primate is
basically similar to that of the Old World primate, with some differences
regarding the structures of the embryos or the placentas.
(2) Old World Primates
The Old World primate is a primate extremely closely related to human.
20 The rhesus monkey (Macaca mulatta) and the cynomolgus monkey (Macaca
fascicularis) are known. The Japanese monkey (Macaca fuscata) belongs to the
same genus (the genus Macaca) as Macaca fascicularis. The development of the
Old World primate is extremely similar to that of human.
Currently, as monkey-derived ES cells, the common marmoset ES cells

25 [Thomson, J. A. et al., Biol. Reprod. 55, 254-259 (1996)], and the rhesus ES cells



Ad Wrld primate is extremely simlar to that of human. Currently, as
nonkey-derived ES cells, the comon nmarnoset ES cells 25 [Thonmson, J. A
et al., Biol. Reprod. 55, 254-259 (1996)], and the rhesus ES cells 3
[ Thomson, J. A et al., Proc. Natl. Acad. Sci. U S. A 92, 7844-7848 (1995)]
have been established. However, as described above, Callithrix jacchus
belongs to the New Wrld primtes which are not geneal ogically derived
fromhumans, with sone differences in the structures of the enbryos or the
pl acent as. [Fuomsen, J. &. 6t el. 5P Mathrlicadj Seic BuS4i 92s1844-784% €101 paveaat i ons
in various experinments are not easy |in the current situations, and there
are |ittl ebeerkyjablishedd Hewews, andessribed abavel, Calliffoix jacehiabelongs to el y
used as an_experinmental aninpal in Japan and Europe. |n addition, the
reproduct i dew Weskdpoimates whiahrare noh genealegisally derived Hamybemanstwith
necessarily occur throughout the year. Furthernore, there are defects in 10
pr epar at i opomg differensemnthesinustses ebthecambryan @r theeplagentas. Eurther, sincehat
the collection of ova is tinme-consumng,and inefficient. Al though human ES
cel | $ al soCaditbrixdeachus\issordls the manipsdationsia FRIIRHY CXPRIIMPRIStase NP B3t he
et hi cal vi ewFoi nt. 15 DI SCLOSURE OF | NVENTI ON The present invention has
been acconp theraurent sitpatienso and trerp arolittlerhackgeaymd dady Qokhe other kidect of
the present invention is to provide a nonkey- derived enbryonic stem cell
whi ch is udfgagcamtlatiais yarebgvsed asangrpssimentyAndmabin Japan angdduropei ni cal
applications, experinmental nopdels, and the |ike on primtes, 20
parti cul ar % additiopnthe ISREPHICHEA e §easanale o Hipt il r WYukafiamdosigiiey -
derived enbryoni¢ stemcell, by which the nonkey-derived enbryonic stem
cel | can Becessrmlyesur thrgughet the year. Burtharmeaestherestedefeisy i r eagent for

i fi
speclo ¢ preparation of the common marmoset ES cells and the rhesus ES cells that the
collection of ova is time-consuming and inefficient.

Although human ES cells also have been developed, the use thereof may

be limited from the ethical viewpoint.

15 DISCLOSURE OF INVENTION
The present invention has been accomplished in light of the prior art
described above. An object of the present invention is to provide a monkey-
derived embryonic stem cell which is useful for embryological studies, studies of
diseases, clinical applications, experimental models, and the like on primates,

20 particularly on human and a monkey; a method for producing the monkey-
derived embryonic stem cell, by which the monkey-derived embryonic stem cell
can be obtained in a high yield; a method for screening a reagent for specific
differentiation into a cell or tissue, which is useful for obtaining the desired
differentiated cell or the desired differentiated tissue; and a differentiated cell or

25 differentiated tissue.



differentiation into a cell or tissue, which is useful for obtaining the
desired differentiated cell or the desired differentiated tissue; and a
differentiated cell or 25 differentiated tissue. 4 [1] The gist of the
present invention relates to a nonkey-dérived enbryonic stem cell
obt ai nabl e by carrying out a process conprising: 5 (a) carrying out
fertilization by in vitro fertilization or intracytoplasmc sperm
i njection using a nonkey ovum and a nonkey sperm thereby giving a
fertilized ovum (b) allowing the fertilized ovumobtained in step (a) to
differentiate into a blastocyst by in vitro culture; and 10 (c)
est abl i shi ng anTheigis ofithe ptesentdevéntiomeelates tog t he bl ast ocyst obtai ned in
step (b); [2] a method for producing a nonkey-derived enbryonic stemcell,
conpr i si ngf1]( a) a meonkeiyrdprived ensbnyohiczsiemaellnbtainablettryocareying loug at i on or
intracytoplasm c sperm 15 injection using a nonkey ovum and a nonkey
sperm t hepmiogsgcamprsiagf ertilized ovum (b) allowing the fertilized ovum
obtained in step (a) to differentiate into a blastocyst by in vitro
cul tdre; afa (carepingsiutSentitigation bpitir yire tertilisabiaresy intjagptopdasmgicisperm
bl astocyst obtained in 20 step (b); [3] an established cynonol gus
nonkey- der injectianeding avierkeyreyun ahd i mankey sperm, thereby giving a fertilized
ovum;
(b)  allowing the fertilized ovum obtained in step (a) to differentiate into a
blastocyst by in vitro culture; and

10 (c)  establishing an embryonic stem cell line using the blastocyst obtained in
step (b);
[2] amethod for producing a monkey-derived embryonic stem cell,
comprising:
(a)  carrying out fertilization by in vitro fertilization or intracytoplasmic sperm
15 injection using a monkey ovum and a monkey sperm, thereby giving a fertilized
ovum;
(b)  allowing the fertilized ovum obtained in step (a) to differentiate into a
blastocyst by in vitro culture; and
(c) establishing an embryonic stem cell line using the blastocyst obtained in
20 step (b);
[3] an established cynomolgus monkey-derived cell having the following
properties:
(i)  being capable of indefinite proliferation while maintaining an

undifferentiated state;



properties: (i) being capable of indefinite proliferation while maintaining
an undifferentiated state; 5 (ii) having the sanme chronbsone nunber as
that of original Macaca fascicularis; (iii) exhibiting the pluripotency
when transpl anted to hypoderm s, the reffal capsule or the testis of a 8-12
week-ol d SCI D nouse or nude nouse; 5 (iv) being negative for SSEA-1 and
positive for SSEA-3 and SSEA-4; and (v) exhibiting an al kali ne phosphat ase
activity, [4] a method for screening a reagent for specific differentiation
into a tis@i)e haviagdke same bhroacesome rambyr asthat af efigipabMusiacasel ect ed from
the group consisting of the nonkey-derived enbryonic stemcell according
to item [ Ipsedolarignd the 10 cynonol gus nonkey-derived cells according to
item[3] above, in the presence of a test substance; and [5] a

di fferenti@lipd exhibiting thefplenipotency wheniteasplanteddolhyipagdermispthe renal
differentiation of an enbryonic stemcell selected fromthe group

consi st i ngcapsutehar thettestisrofca 8-dPemeadebld SCHImousg arqudeanoyse}] above and t he
cynonol gus nonkey-derived cell 15 according to item[3] above. BRI EF
DESCHI PTI QiviDF Belag BRAWINGRFSSfiAel and positive dendPEARS shdwSEAdhendesul ts of
m croscopi ¢ observation of the cynonol gus nonkey-derived enbryonic stem
cells of tE(w prextdhitigan alkeling phosphiatasemetivitpanel shows the results of
observation at a low magnification (100X), and the |ower panel shows the
resul ts of [4bseawssthod fert scaeening a reagent for specific differentiation into a tissue

or a cell, characterized by maintaining a cell selected from the group consisting

of the monkey-derived embryonic stem cell according to item [1] above and the
10 cynomolgus monkey-derived cells according to item [3] above, in the presence

of a test substance; and

[S]  adifferentiated cell or differentiated tissue, resulting from differentiation

of an embryonic stem cell selected from the group consisting of the embryonic

stem cell according to item [1] above and the cynomolgus monkey-derived cell

15 according to item [3] above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a photograph showing the results of microscopic observation
of the cynomolgus monkey-derived embryonic stem cells of the present
20 invention. The upper panel shows the results of observation at a low
magnification (100X), and the lower panel shows the results of observation at a
high magnification (200X).
Figure 2 is a photograph showing the results of observation of the
cynomolgus monkey-derived embryonic stem cells of the present invention by

25 various techniques. Panel A and Panel B respectively show the results of



hi gh magnification (200X). Figure 2 is a photograph show ng the results of
observation of the cynonol gus nonkey-derived enbryonic stemcells of the
present invention by 25 various techniques. Panel A and Panel B
respectively show the results of 6 mcrgscopi c observations of the

cynonol gus nonkey-derived enbryonic stem cells of the present invention

[ Panel A: |low magnification (Bar = 100 n), Panel B: high magnification
(Bar = 50 m]. Panel C shows the results of mcroscopic observation of the
cynonpl gusmitroseypid @bsemdtiendof/thei aynsimaiguseiboskey-detieebembeparit stemvent i on
after al kali ne phosphatase staining (Bar = 100 n). Panel D shows the

resul ts of cetiscoforhe gpésens isenviahi[BanelfA:tloss myppifidatos (BankdyOdem),Rahel
enbryonic stemcells of the present invention after imunostaining for
SSEA- 4 (BBt highlagnificakiogBar 3 S0spm)p hPamed Ggtoveshtheiraspltshef miasosdopiof

m croscopi ¢ observations 10 of the tunors after various stainings, wherein
t he t unor sobsereatian ofthebgynomglges inogkeyHderived embsygnic istent geldsrof thes
nonkey-derived enbryonic stemcells of the present invention into a nouse.
PanelSs A t preisestinwentien aftevialksling phoiphatase sfiningl{Ber watli0qmn).oPan¢leDt unor s
after HE staining, wherein the tunors were fornmed by injecting

subcut aneosisdws thecresyltoabingerescapik ebsateatioredf e ambmadgucmonkeay-cerivedof t he
present invention into a nouse. Panel A whole tunor (Bar = 300 m, Panel
B: neur oepembeyonims{eBacels ahthergresepamsienGongifiea imfrBaostaiiog foj SSBdndl D
gland (Bar = 200 m, Panel E nuscle (Bar = 200 n), Panel F:. cartil age
(Bar = 400(B3r, =R80alm)z bone (Bar = 200 gm), and Panel H ciliated
epithelium (Bar = 150 gm). Panels Ito Mshow the results of 20 m croscopic
observati ons of Figure 3bis\aephotograph showingthe resultsrofi minnessopit ebsegvations

10 of the tumors after various stainings, wherein the tumors were formed by
injecting subcutaneously the cynomolgus monkey-derived embryonic stem cells
of the present invention into a mouse. Panels A to H show the results of
microscopic observations of the tumors after HE staining, wherein the tumors
were formed by injecting subcutaneously the cynomolgus monkey-derived

15 embryonic stem cells of the present invention into a mouse. Panel A: whole
tumor (Bar = 300 um), Panel B: neuroepithelium (Bar = 200 um), Panel C: glia
(Bar = 200 um), Panel D: gland (Bar = 200 pm), Panel E: muscle (Bar = 200
um), Panel F: cartilage (Bar = 400 um), Panel G: bone (Bar = 200 um), and
Panel H: ciliated epithelium (Bar = 150 pm). Panels I to M show the results of

20 microscopic observations of the above-mentioned tumors after immunostaining.
Panel I: immunostaining of neuron and glia for NSE (Bar = 200 pm), Panel J:
immunostaining of glia for GFAP (Bar = 200 wm), Panel K: immunostaining of
peripheral nerve for NSE (Bar = 200 um), Panel L: immunostaining of muscle
for desmin (Bar = 200 pm), and Panel M: immunostaining of cartilage for S-100

25 proteins (Bar = 400 pm).



Panel |: inmunostaining of neuron and glia for NSE (Bar = 200 m), Panel J:
I mmunostai ning of glia for GFAP (Bar = 200 pm, Panel K: i mmunostai ni ng of
peri pheral nerve for NSE (Bar = 200 n), Panel L: immunostaining of nuscle
for desmin (Bar = 200 gn), and Panel M 7i mrunostaining of cartilage for
S-100 25 proteins (Bar = 400 m. 7 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON The "nonkey" used in the present invention refers to prinmates,
specifically the New Wrld primates and the Od Wrld primtes. Anong them
5the dd Wrld primtes are expected to be used as nodel animals of

di seases close to human, or used in a systemfor screening therapeutic
agent s f or BESH] MODEiFORSEARRYXENGs OWheVHAE dNVENEFIGN whi ch are extrenely
closely related to human, and devel opnental ly resenbl e human. Therefore,

in the present The&nmonkay” uses inchd presentiimyentian eefersipeprimiates) | y i ncl udi ng
Macaca fuscata and Macaca 10 fascicularis, are desirable, and Macaca
f asci cul arspecificablypheiNéw Werld pemagseeand theeOldbWasldrprimatgse Amoogdhefuscat a
and Macaca fascicularis have closer genealogical relations to humans.
Si ncé Macathe QldsWarkl pmatesdire expected tq bebsgd as model agmaldy of diseasgsar e
advantages in that a surgical operation can be easily perfornmed on Macaca
fiiscata, eclnsethbhemppcercasedunamyatenaiorsieréaning therapeusieyagents fogvasays h.
Further, Macaca fuscata has docjle nature and training of Mcaca fuscata
i s great | ydiseascaskgaause theyrase primates whichaareaxtrgmedy slasalyt redated yo hpgag,
experiments can be carried out under no _anesthesia. On the other hand,
si nce Macaend dexalopmentally reserablg humarei Therefgre: in thepggsent Hveptioncthe
fascicularis _has advantages such that the handling thereof in various
ani mal exp@ld Néerld prisnates, spesificallyl indludingMeeacs fuseriapnd,Magness of the use
of the Macaca fascicularis as a i . )
10 fascicularis, are desirable, and Macaca fascicularis is especially preferable.
The above-mentioned Macaca fuscata and Macaca fascicularis have
closer genealogical relations to humans. Since Macaca fuscata is middle-sized
(weight: 5 to 15 kg), there are advantages in that a surgical operation can be
easily performed on Macaca fuscata, and that Macaca fuscata has sufficient
15 physical strength. Further, Macaca fuscata has docile nature and training of
Macaca fuscata is greatly successful. Therefore, it is advantageous in that
various experiments can be carried out under no anesthesia. On the other hand,
since Macaca fascicularis is small (weight: 3 to 6 kg), the Macaca fascicularis
has advantages such that the handling thereof in various animal experiments is
20 easy, and that there are many examples of the use of the Macaca fascicularis as a
laboratory animal in Japan and Europe, and many background data are obtained.
In addition, ovulation occurs throughout the year in Macaca fascicularis, so that
it is more advantageous in genegiological and physiological experiments than
Macaca mulatta with seasonal ovulation.

25 The monkey-derived embryonic stem cell of the present invention can be



| aboratory animal in Japan and Europe, and many background data are
obtained. In addition, ovulation occurs throughout the year in Macaca
fascicularis, so that it is nore advantageous in genegiol ogical and
physi ol ogi cal experinments than Micaca Bulatta with seasonal ovul ation. 25
The nonkey-derived enbryonic stemcell of the present invention can be 8
prepared by a process (hereinafter referred to as a nethod for producing a
monkey-deri ved enbryonic stemcell) conprising: (a) carrying out
fertilizatpmpated byaprocess {hereinafiearéforredto asha meshod forproducisger m
i njection using a nonkey ovum and a nonkey sperm thereby giving a
fertili zedmonkeywlerived embryonicrstemnigellj eomprisingd ovum obt ai ned in the step
(a) to differentiate into a_ blastocyst by in vitro culture; and (c)
est abl i shi (@) ancampinganitdesilizatior bl it vifeo testiligatioreohindracyopiasnaistsperiad i n
the step (b). 10 The nethod for produci ng a nonkey-derived enbryonic stem
cell is eimjectiassing Bymenkeypowyn andiarmenkeibspermatherehhgivingp feitdiredi ng a
nonkey-derived enbryonic stemcell of the present invention is based on
the f ndi ngeum the present inventors that a blastocyst can be obtained
froma fertilized ovumin a _surprisingly high 15 probability of about 40 to
46% si nce(h)he sHewing e fedilized aywoe phisinedainshe stepda) tndiffesentinie intprus,
according to the nethod of the present invention, there can be also
exhi bi t ed blastocyst by vigto edturehand a nonkey- derived bl ast ocyst can be
devel oped in an excellent efficiency. Therefore, according to the method of
the presefg) i nostablighing anembryenie:aemiceBdingriising thel kipstoeyst ebtainedhin a
nonkey- deri ved

the step (b).

10 The method for producing a monkey-derived embryonic stem cell is
encompassed by the present invention.
The method for producing a monkey-derived embryonic stem cell of the
present invention is based on the findings of the present inventors that a
blastocyst can be obtained from a fertilized ovum in a surprisingly high
15 probability of about 40 to 46%, since the steps (a) to (c) described above are
carried out. Thus, according to the method of the present invention, there can be
also exhibited an excellent effect that a monkey-derived blastocyst can be
developed in an excellent efficiency. Therefore, according to the method of the
present invention, there is exhibited an excellent effect that a monkey-derived
20 embryonic stem cell can be obtained in an extremely high yield, as compared to
conventional methods (e.g., WO 96/22362 and the like).
In the step (a), monkey ova can be collected by a method of performing
abdominal dissection and ovariocentesis under direct vision, a method of
extracting a uterine tube and then washing it, to collect ovulated ova, or other

25 methods. It is desired that ova are collected from a monkey under laparoscopic



20 enbryonic stemcell can be obtained in an extrenmely high yield, as
conpared to conventional nethods (e.g., WD 96/22362 and the like). In the
Step (a), nmonkey ova can be collected by a nethod of performng abdom nal
di ssection and ovariocentesis under direct vision, a nethod of extracting
a uterine tube and then washing it, to collect ovulated ova, or other 25
nethods. It is desired that ova are collected froma nonkey under
| apar oscopi ¢ 9 observation, fromthe viewoints of reducing the burden on
t he ani mal pbsesvatidrgfirorg the viewpaintatof meduding thefeurnden vinrthbel ahiomalyound heal i ng
after the surgical treatnent and reducing the risk for infection in the
ani mal . Ovshortemling ot ebminatingethe lteparapiedi for ssadihgaling aftey theesuegical ed out ,
for instance, by naking an 5 incision of only about 1 cm inserting a
| apar oscoptreatarent pad redwding theonisk fardefectiondnthe anigial: KvumcoBedion n t he
abdom nal wall. Since magnified views of the local site are easily
obt ai ned byndérilapanoscayss obstrvagomtheyrhcacprriad oun, for instancheby eraking ensit e can
be targeted nore accurately to collect ova, as conpared to the case where
ovar iSocent exison sf paly abowtd emdissedingeckaperascope, and peakdrmieg, 10 col | ecti on
of an ovum under | aparoscopi c observation is desirable fromthe viewpoint
of ani mal wedricreatesiethaosgh thel incisinn intthe @hdominal gvall. edince reagnified t he
abdom nal wall after the ovumcollection and the operation can be conpl eted
in a shorviewsmf thEhecagite afe casdlyfahrtained hyrthisyprosess, itds advantagesiusdat i on may
vary 15 depending on the kind of the nonkey. It is desired that the age of
t he femal ethatthrkesntesis Sit® cyme he sargei¢danoremcsuratelyfte cabegt avay s cempatecr
more, fromthe viewpoint that it is desired to show regular nenstrual
cycle. |n todthetdase where pyarioessitestlistpeaformed ungler direetésioamdnaeditian,20 years
old or less, preferably 15 years ) )

10 collection of an ovum under laparoscopic observation is desirable from the

viewpoint of animal welfare, because only one stitch is required to suture the
abdominal wall after the ovum collection and the operation can be completed in
a short time.
The age of the female monkey used for ovum collection may vary
15 depending on the kind of the monkey. It is desired that the age of the female
monkey is 3.5 years old or more, preferably 4 years old or more, from the
viewpoint that it is desired to show regular menstrual cycle. In addition, it is
desired that the age of the females are 20 years old or less, preferably 15 years
old or less, from the viewpoint that they are before the menopause. Specifically,
20 it is desired that Macaca fuscata is 5 to 15 year-old and Macaca fascicularis is 4
to 15 year-old.
For ovum collection, an ovulation-inducing agent may be used. The
ovulation-inducing agent includes follicle-stimulating hormone (FSH),
luteinizing hormone (LH), gonadotropin releasing hormone (GnRH), and the like,

25 and specifically, for example, gonadotropin releasing hormone (GnRH),



old,or less, fromthe viewpoint that they are before the nenopause.
Specifically, 20 it is desired that Macaca fuscata is 5 to 15 year-old and
Macaca fascicularis is 4 to 15 year-old. For ovumcollection, an
ovul ation-induci ng agent nay be used. Tioe ovul ation-inducing agent
i ncludes follicle-stinulating hornone (FSH), | uteinizing hornmone (LH),
gonadotropin rel easing hornone (GhRH), and the like, 25 and specifically,
for exanpl e, gonadotropin rel easing hornone (GhRH), 10 pregnhant mare's
ser um gonapheignamti matd¥&&im gonadotropino(PMS6), lyomanl otenopawsal ghvajotrépinan
chorioni c gonadotropin (hCG, |uteinizing hornone-rel easing hornone
(LHRH), f o(HMGE)schsmamehationy gomadotrepingRBA)G), hrtdinizing lhokmondreleagingunt and
time period of the ovulation-inducing agent adm ni stered can be 5
appr opr i at koymaemd @B )dfglbcleistigndating bomeogh (FSH),tand thedikei dlel , t he kind
of the ovulation-inducing agent used, within the range in which the
ovul at i on- amdunt ay tiafef partosl off the evnlationddducingiageneadministetestcaniee nonkey
ovumused in the step (a) described above is mature and at the M1 stage,
and that t hepropriafelpseteotedidependingonghe waighirafahe indigidualy the kind of thsuch
properties can be eval uated by observing the process of the i
i nt r acyt opbuslationspducing agentt used, withimtheirange frewhidhi the oivelationhimdgeing
col | ecti on under | aparoscopi c observation can be carried out as
speci fi cal bffectsace exhubtiitbdl ow: The anmount 1.8 to 3.65 ng of gonadotropin
rel easi ng hornone (GnRH) is adm nistered subcutaneously to 5 to 15 year-old
15 fenmal es of Midadgsired that theomonkeypovemyusad inkthe steprid)edeseribadabeee 1s
fascicularis. Two weeks after the adm nistration of GiRH 25 | U kg of
pregnant narature andratrthe y6H sthger apd that fesoytoplasm of thg oyimispMoganspus s al
gonadotropin (hM3 or 3 )

10 and elastic. Such properties can be evaluated by observing the process of the

intracytoplasmic sperm injection or in vitro fertilization.

The ovum collection under laparoscopic observation can be carried out as
specifically described below: The amount 1.8 to 3.65 mg of gonadotropin
releasing hormone (GnRH) is administered subcutaneously to 5 to 15 year-old

15 females of Macaca fuscata or 4 to 15 year-old females of Macaca fascicularis.
Two weeks after the administration of GnRH, 25 1U/kg of pregnant mare's serum
gonadotropin (PMSG), 10 IU/kg of human menopausal gonadotropin (h(MG) or 3
1U/kg of follicle-stimulating hormone (FSH) is administered intramuscularly
once a day at a given time for consecutive 9 days. Four to five days after the

20 administration, the ovaries are observed using a laparoscope (outer diameter: 3
mm), thereby confirming whether the ovarian follicles develop or not. Here,
whether the ovarian follicles develop or not is evaluated using as an index the
fact that a plurality of bodies with slightly swollen albuginea are formed in the
ovary, whereby the ovary as a whole is enlarged and the uterus becomes reddish.

25 Subsequently, PMSG, hMG or FSH is administered for 9 days. After confirming



| W kg of follicle-stinulating hornmone (FSH) is adm nistered intranuscularly
once a day at a given tine for consecut.ive -9 days. Four to five days after
the 20 administration, the ovaries are observed using a | aparoscope (outer
diameter: 3 nmm, thereby confirm ng widt her the ovarian follicles devel op
or not. Here, whether the ovarian follicles develop or not is eval uated
using as an index the fact that a plurality of bodies with slightly

swol | en al buginea are formed in the ovary, whereby the ovary as a whole is
enl ar ged asufficteat deeelopnizat ofithe owdidinghllicdss, SOBsIéIzjg@nf hymapBorionNG or FSH
is adm nistered for 9 days. After confirmng 11 sufficient devel opment of

t he ovari agorfadotiopirehCGYis ondekagministencdrintamusadady. Jhirdgretghspo fotiCo) s
once adm nistered intranmuscularly. Thirty-eight to forty- two hours after

t he adni ni st housrafter theximinvistrattan bELGTH Vi eallectiod ipcarrierant. dhem
collection is carried out by puncturing the ovarian follicles, and

aspi r at i ngotumaotlettieris carsietd oye by gunefuringftbe lovetihm folliclesdand aspiraging. 5 ni

i njection syringe equipped with a 60 mm 19 G or 20 G Cathelin needle,

wher & n t h® collachgea tagether with foliENas dluid iusimgoo2Sanhinjectipoyringes nl of 10%
SSS (serum substitute supplenent), under |apar oscoRi c _observation (outer

di anet er: dquippgd withnar6Qinamel 9 Gagrt 26} GtGashelon needleowherein theesysingeeach

envel oped by cumul us 10 oophorus cells are separated under a stereoscopic
m cr oscopecortamhsta-MEM solationicontaimiagRbout 0.5 mhof dB%aSSS (eeromasubsgiite The
ovum used for fertilization can be obtained by preculture of the above

mat ur e ovasdpplerBent), underdaparoschpic pheervatiem(qQutendiametay &0 immyn at nospher e
consi sting of 5% C02, 5% 02 and 90% N2. Al so, a nonkey sperm may be

obt ai ned f Inmedirselypaftirdhericelleasionsmatireeaya eashippvalopel dytqumulysi nul at i on.
The electric stinulation includes the rectal nmethod and the penile nethod,
eachlescr bbphprius CENS At sepamsedunderfistere@scopie microscope, and transferred

into TALP solution containing 0.3% BSA. The ovum used for fertilization can
be obtained by preculture of the above mature ova for 3 to 4 hours under the
conditions at 37°C in an atmosphere consisting of 5% CO,, 5% O and 90% N..
Also, a monkey sperm may be obtained from the epididymis, or obtained
15 by an electric stimulation. The electric stimulation includes the rectal method
and the penile method, each described in Examples below, and the like.

Specifically, these methods are as follows:

Rectal Method

20 A male monkey is anesthetized with an anesthetic as represented by
ketamine hydrochloride, xylazine hydrochloride and the like, and placed in the
supine position. Keratin cream is applied to a rod-shaped rectal electrode
connected to an electric stimulator, and the electrode is gently inserted into the
rectum of the monkey. The electric stimulator is set at an alternating voltage of 5

25 to 20V. The electricity is applied intermittently, thereby collecting sperms from



Specifically, these nethods are as follows: Rectal Method 20 A nal e nonkey
I s anesthetized with an anesthetic as represented by ketam ne

hydr ochl ori de, xyl azine hydrochloride and the |ike, and placed in the
'supine position. Keratin creamis appliid to a rod-shaped rectal el ectrode
connected to an electric stinmulator, and the electrode is gently inserted
into the rectumof the nonkey. The electric stinulator is set at an
alternating voltage of 5 25 to 20V. The electricity is applied

i nt er m t t ethieltip of therpetmys.col | ecting sperns from 12 the tip of the penis.
Penil e Method The linbs of a mal e nonkey are held on the front face of a
cage under no 5 anesthesia, and placed at a position in which the penis is
easily supported. An electrode is set to the penis and connected with a
clip to anPetibcMedthodti mul ator. The electricity is applied intermttently,
t hereby collecting spernms fromthe tip of the penis. It is desired that

t he nonkey sper Fhedimbs of a male mepnkep predecid ontbd frond face of a ¢ageawnderaroed from
t he viewpoint of high fertilities. The spermcan be activated, for

i nst @nce, byesthesit, madpladedat arpasiféon irtswachethe panisds gasilydspparted. fAs skol i n
and pentoxyfylline. Anong the agents, a conbination of caffeine and

dbC- AVP i selestrpdefd set to tha pénds end epanacted withacelip/to amelieririostignelataror war d
mobi lity, and the survival rate. In addition, after the treatmnment of sperm
with the affbeelevtricitpissappl®ddytenmittentlyptrareby collectiag spegns fromethe ipofes may
be obtained by the SWi mup nethod. There can be exhi bited excell ent

ef fects thtlte pemis.gh fertilization rate can be obtained by activating the

sperm and that fertilization can be highly . .
It is desired that the monkey sperm used in the step (a) described above is

10 activated from the viewpoint of high fertilities. The sperm can be activated, for
instance, by treatment with an agent such as caffeine, dbC-AMP, forskolin and
pentoxyfylline. Among the agents, a combination of caffeine and dbC-AMP is
suitable from the viewpoints of active mobility with forward mobility, and the
survival rate. In addition, after the treatment of sperm with the above-mentioned

15 agent, a sperm with even higher fertilities may be obtained by the Swim up
method. There can be exhibited excellent effects that a high fertilization rate can
be obtained by activating the sperm, and that fertilization can be highly
efficiently achieved by intracytoplasmic sperm injection even in the case of
using a sperm which is poor in mobility without the treatment.

20 It is desired that the amounts of caffeine and dbC-AMP used are 10 uM to
1 mM per 1 x 107 sperms from the viewpoint of activating the mobility.

The above-mentioned Swim up method is a method comprising collecting
sperms in a round-bottomed tube by centrifugation, adding thereto a medium
(about 0.5 ml) containing caffeine and dbC-AMP, allowing the cells to stand in

25 an incubator at 37°C under 5% CO,, and the collecting sperms which have swum



efficiently achieved by intracytoplasmc sperminjection even in the case
of wusing a spermwhich is poor in nobility without the treatnent. 20 It is
desired that the anounts of caffeine and dbC-AWMP used are 10 Mto 1 nM per
1 x 107 sperns fromthe viewpoint of act3d vating the nmobility. The
above-nmentioned Swi mup nethod is a nethod conprising collecting sperms in
a round-bottoned tube by centrifugation, adding thereto a nedium (about
0.5 m) containing caffeine and dbC-AMP, allowing the cells to stand in 25
an i ncubat op after et Bder6(BAtiGdes. and the col | ecting sperns which have swum
13 up after about 30 to 60 m nutes. The activation of a spermcan be

eval uat ed by usThe aasvatior ofi@gperhecapbesealvatedbyarsing as amdeixtthewi t h
forward nobility. The nonkey spernms can be activated, for instance, by the
met hod 5 presendebafthcivefmbbiditg withpfarwardimebilitynsferred to a tube toget her
with a lyophilizer froma straw in which sperns obtained fromthe

epi di dym s, or The amonkeymperms ehm bt activated ok instancehhy ¢he methodst ored. To
the sperns, 10 m of a BSA/BWV (Biggers, Witten and Wttinghans) sol ution
cont &i ni ngddscribed af ffelloesand 1 nM dbC-AMP is then 10 added. Therefore, the
spernms are incubated for 30 mnutes in a CO2 incubator at 37C under 5%
CO2, to acSpewms apdransterpetia atubsrtog@hbswithentyophilizeefross alstrawgin whishuct s
are centrifuged at 1,000 rpm (200 x g) for 2 mnutes, to discard

super nat ansperifs abitained feom thgyepididymeis, abohtaingddytan dlectric stimuelatipr dAvesA BWV
solution containing 1 nMcaffeine and 1 nM dbC-AWP i s added. The resulting
15 sper m sbéaut stored. sTathospeamspl@ mirof af BEAGBWWH(HiggersnWehittae andcubat or  at
37C. The sperns swumup are collected, and the nmobility and the nunber of

t he Wittinghams) solution containing 1 mM caffeine and 1 mM dbC-AMP is then

10 added. Therefore, the sperms are incubated for 30 minutes in a CO, incubator at
37°C under 5% CO,, to achieve sperm capacitation. Subsequently, the resulting
products are centrifuged at 1,000 rpm (200 x g) for 2 minutes, to discard
supernatant. To the remaining sperms, about 0.5 to 10 ml of a fresh BSA/BWW
solution containing 1 mM caffeine and 1 mM dbC-AMP is added. The resulting

15 sperm solution is allowed to stand for 60 minutes in a CO, incubator at 37°C.
The sperms swum-up are collected, and the mobility and the number of the
sperms are confirmed. Here, the mobility of the sperms is evaluated by using as
indices forward mobility and activeness of the sperms. By this method, sperms
can be activated.

20 In the step (a), fertilization can be carried out by in vitro fertilization or
intracytoplasmic sperm injection. In vitro fertilization can be carried out
according to the method described in Torii, R. et al., [Primates, 41, 39-47
(2000)]. In addition, intracytoplasmic sperm injection can be carried out
according to the method described in Hewitson, L. [Human Reproduction, 13,

25 3449-3455 (1998)].



sperns are confirmed. Here, the nobility of the sperns is eval uated by
using as indices forward nobility and activeness of the sperns. By this
nmet hod, spernms can be activated. 20 In the step (a), fertilization can be
‘carried out by in vitro fertilization d4 intracytoplasnic sperminjection.
In vitro fertilization can be carried out according to the nethod
described in Torii, R et al., [Primates, 41, 39-47 (2000)]. In addition,
intracytoplasm c sperminjection can be carried out according to the
met hod descr i behh the rhiethiotd fonprdducirig tive maee@yedirivadosmby®nic stemeeribo3455
(1998)]. 14 In the nmethod for producing the nonkey-derived enbryonic stem
cel | of tthe present mventioanitiis prefetablesthat atcultate medium seleetgdiftons thedi um
selected fromthe group consisting of TALP )
( Tyr ode- Al gromipreonaistiagef ALY {TgjodeeAlinin: Laviate-P HEPES) solutionohAdAL BWY
solution is used for performng the in vitro 5 fertilization or
i nt r acyt opHERBES sclptiomand jB3IW solutiontis usedifaripevéornfing the isevitroi ewpoi nt  of
reduci ng the influence on the ovum TALP solution and TALP- HEPES sol ution
can Be pr efeatilidation éintraggtopTasniic spetRe injectict mektisaed abovtrifram thack
Solution (m) (m\)(g/100 rol)Sol ution (mV) TALPTALP- HEPES HEPES- 10. 0- 240 mi
NaCl 157. 00vieipbdntoeforedocingithe infb@net orcha e8umi . PARPiseiutéon and TALP-
CaCl12120.01.762.01.71.7 Cl2. 6H20120. 02. 440. 50. 410. 41

HEPES solution can be prepared as follows:

Table 1
Reagent Stock Solution Final Stock Solution (ml)
(mM) (g/100 mol) Solution (mM) TALP TALP-HEPES
HEPES — 10.0 — 240 ml
NaCl 157.0 0.92 114.0 to 100 ml  to 100 ml
KCl 166.0 1.24 3.16 1.9 1.9
CaCl, 120.0 1.76 2.0 1.7 1.7
MgCl,*6H,0  120.0 2.44 0.5 0.41 0.41
Sodium Lactate 150.0 — 10.0 6.7 6.7
Water — — — 7.1
NaH,PO4*H,0  20.5 — 0.35 1.7 1.7
Glucose 295.0 5.31 5.0
NaHCO;3 167.0 1.40 25.0 (TALP) 15.0 1.2
2.0
(TALP-
HEPES)

Penicillin G (10,000 units/100 ml) and Phenol Red (1 mg/100 ml)

10 The stock solutions are sterilized by autoclave and then stored.



Sodi um Lact at e150. 0- 10. 06. 76. 7 Water-7.1 NaH2PO4H2(O20. 50. 351. 71. 7

d ucose295. 05. 315. 0 NaHCO3167. 01. 4025.0 (TALP)15.01.2 2.0 (TALP- HEPES)
JPenicillin G (10,000 units/100 m ) and Phenol Red (1 ng/100 m) 10 The
stock solutions are sterilized by autocliave and then stored. 15 Here,

I medi ately prior to the preparation of TALP solution, sodium pyruvate0.5
mvD. 0055 g (per 100 m ) gentamycin sulfate (10 ng/m )50 g/mM 50 | BSA3
mg/ M 0.3 g S5are_prepared, and each of the reagents obtained is sterilized
by filtration tlﬁ%mgmraedlated)epnodo theepreparatiomahd ALRselgtianel y prior to the
preparation of TALP/HEPES solution, 0.1 mm0.0011 g (per 100 ml) sodium
pyruvat e BSxHumgpymuga® g 10 are prepar ed0-mMeach0810561g(need§8mE obt ai ned
are sterilized by filtration through a filter. Incidentally, when

TALP- HEPESgewtamycimsulfatp (¢ agiml) 50 ni  oPOngiml andS0 ul

BSA 3 mg/ml 03g
are prepared, and each of the reagents obtained is sterilized by filtration through

5 a filter.

On the other hand, immediately prior to the preparation of TALP/HEPES

solution,
sodium pyruvate 0.1 mM 0.0011 g (per 100 ml)
BSA 3 mg/ml 03¢g

10 are prepared, and each of the reagents obtained are sterilized by filtration through
a filter.

Incidentally, when TALP-HEPES solution is prepared, 50 ml of NaCl and
Na-HEPES (N-2-hydroxyethylpiperazine-N'-2-ethane sulfonate), phenbl red and
penicillin G are previously dissolved. To the resulting solution, defined amounts
15 of the respective stock solutions are added, and the NaCl stock solution is finally
added to make up a volume of 100 ml. The pH of the resulting solution is then
adjusted to pH 7.4 with 1 M NaOH. The stock solution of sodium lactate is
prepared by mixing an undiluted solution (60% syrup) with water in a ratio of
1:35. Phenol red is added at a concentration of 1 mg/ml to the resulting mixture.
20 Thereafter, the pH of the resulting solution is adjusted to pH 7.6 with 1 M NaOH.
Subsequently, the solution is sterilized by filtration. The reagent obtained is
storable at 4°C for one week. Twenty-eight milligrams of NaHPO,4*H,0 is
dissolved in 10 ml of a solution of glucose, and sterilized by filtration. The

solution obtained is storable at 4°C for one week.



Na- HEPES (N-2- hydr oxyet hyl pi perazi ne-N -2-et hane sul fonate), phenol red and
penicillin G are previously dissolved. To the resulting solution, defined
.amunts 15 of the respective stock solutions are added, and the NaC stock
solution is finally added to make up aévol ume of 100 m. The pH of the
resulting solution is then adjusted to pH 7.4 with 1 M NaOH The stock
solution of sodiumlactate is prepared by m xing an undiluted sol ution
(60% syrup) with water in a ratio of 1:35. Phenol red is added at a
concentration oNekt,ni composition of BWWi(Biggerst WhitterpandrMéittéaghasts) t he pH of
the resulting solution is adjusted to pH 7.6 with 1 M NaOH  Subsequently,
t he sol ut i solutien $¢ shiawn me@able Z.i [ trati on. The reagent obtained is storable
at 4C for one week. Twenty-eight mlligrans of NaHPO4H20 is dissolved in
10 mM of a solution of glucose, and sterilized by filtration. The solution
obtained is storable at 4C for one week. 16 Next, the conposition of BWV
(Biggers, Witten and Wttinghans) solahle@n is shown in Table 2. Table 2
Reagent Amount * (ng) ] ; ot d°°1i1 yo ' j)lidel78 KH2PO481

al

Magnesi um Sul f at e147 : t - i re—oal Iﬁ{ DX +) - d ucose

(anhydr ous) 500 Peni ci | ISodiwg Chloride 2,770
Potassium Chloride 178
KH,PO, 81
Magnesium Sulfate 147
NaHCO; 1,053
Sodium Pyruvate Salt 14
D(+)-Glucose (anhydrous) 500
Penicillin G 31
Streptomycin 25
DL-Sodium Lactate 1,037
Calcium Lactate 263
Phenol Red 1 mg Merk 1

5 *: /500 ml

The surface of the solutions used for in vitro fertilization or
intracytoplasmic sperm injection can be covered with a mineral oil or the like.
As a result, there can be obtained effects that drying an ovum solution or a sperm
10 solution is avoided, and that changes in temperature, pH, concentrations of CO,
and O, are avoided.
In addition, in the step (a), it is preferable that a culture medium selected

from the group consisting of TALP solution, TALP-HEPES solution and BWW



Strept onyci n25 DL- Sodi um Lact at el, 037 Cal ci um Lact at e263 Phenol Red 1 ngy
Merkl 5 * :1500 ml The surface of the solutions used for in vitro
Jertilization or intracytoplasmc sperminjection can be covered with a
mneral oil or the like. As a result, there can be obtained effects that
drying an ovum solution or a sperm 10 solution is avoided, and that changes
I n tenperature, pH concentrations of CO2 and 02 are avoided. In addition,
in the step (a), it is preferable that a culture medium selected fromthe
group conssaution ivesefiahpingfartilizationizom- therizsvpeintief mwduging tBewmtuenss! ut i on
Is used during fertilization fromthe viewpoint of reducing the influence
on the ovuomthhevurr fertilization is achieved or not can be eval uated by
vi sual observation under a phase-contrast inverted m croscope by using as
an i ndex the 5Whestherfeetiligzationds gehigued ef noygandyeagiyaleated byrvisualr o
fertilization or intracytoplasmc sperminjection perforned in the present
i nvent i on olsesvation wedes\e. phasedontrgstraverted mieroseppetbyoasing @s pnvades theeach
envel oped by cumnul us oophorus cells are placed in a mneral oil-covered
dropSof a pEsen®IY WWPEBuglsion on a plastic dish. A suspension of sperns
is then transferred into the drops at 5.0 x 105 to 1.0 x 106, sperns/m.
The drops are cénegxampleof zravtﬁmgafuhzaﬂqq OLintrarYfOBASHUE SPer ENje¢ieon

performed in the present invention is shown below.

In vitro Fertilization

10 One to five ova each enveloped by cumulus oophorus cells are placed in a
mineral oil-covered drop of a 50 nl BSA/BWW solution on a plastic dish. A
suspension of sperms is then transferred into the drops at 5.0 x 10° to 1.0 x 10°
sperms/ml. The drops are covered with a mineral oil, and insemination is then

carried out.

15
Intracytoplasmic Sperm Injection
(i) Preparation of Ovum
The oocytes collected are gathered in a spot of a S0 ul TALP solution
containing 0.3% BSA (BSA/TALP solution), which is covered with a mineral oil
20 (Sigma Chem. Co.), and precultured for about 2 to 4 hours under the conditions

of 37°C, 5% CO3, 5% O, and 90% N,.

The state of maturation of ovum can be evaluated by removing the
cumulus oophorus cells by treatment with 0.1% hyaluronidase, to thereby collect
an ovum, and classifying the resulting ovum into the following 4 classes, Class-1

25 to 4, under an inverted microscope.



carried out. 15 Intracytoplasmc SpermlInjection (i) Preparation of Ovum
The oocytes collected are gathered in a spot of a 50 | TALP sol ution
containing 0.3% BSA (BSA/ TALP solution), which is covered with a m neral

oil 20 (Sigma Chem Co.), and precul tut&d for about 2 to 4 hours under the
conditions of 37C, 5% C02, 5% 02 and 90% N2. The state of maturation of
ovum can be eval uated by renoving the cunulus oophorus cells by treatnent
wi th 0.1% hyal uroni dase, to thereby collect an ovum and classifying the
resulting ovuminto the following 4 classes, Cass-1 25 to 4, under an
inverted mcroscope. 18 Class-1: Mature ovumw th a pol ar body (PB)

O ass-2: Ovum b&ilasg-brMatre oxumowithie pHachodio(BB) and the gerninal vesicle
(GV) is observed 5 Cass-3: |Inmmture ovumin which the G/ is observed

Cl ass-4: Ovum wilassef3yworheing o sraturationdn apch ap B and dheogenminal
denaturation or retrogressive changes in the cytoplasm An ovum cl assifi ed
in d ass- 1vesicleuy\erisabsenvednt r acyt opl asmic sperm 10 injection i mediately
after the evaluation. An ovumclassified in Class-2 or. Cass-3 is further
gathéred in a spdesso}: mmature ggpmiipwhishithe Gohis aftseetedi s covered with a
mneral oil, and continued to be cultured under the conditiqgns of 37C, 5%
002, 5% 2 and Sdassng. Oyemwith considerablyedeformed shapga on PXEMLIIQAYINghe ova is

confirmed in the sanme manner _as in the above. It |s _desired that an
denaturation or retrogressive changes in the cytoplasm

An ovum classified in Class-1 is subjected to intracytoplasmic sperm
10 injection immediately after the evaluation. An ovum classified in Class-2 or
Class-3 is further gathered in a spot of a 50 ul BSA/TALP solution, which is
covered with a mineral oil, and continued to be cultured under the conditions of
37°C, 5% CO,, 5% O, and 90% N,. In this case, the state of maturation of the
ova is confirmed in the same manner as in the above. It is desired that an

15 immature ovum and ovum classified in Class-4 are not used for fertilization.

(i)  Preparation of Sperms

The sperms are prepared in the same manner as in the in vitro Fertilization.

20 (iii) Intracytoplasmic Sperm Injection
The intracytoplasmic sperm injection is carried out under an inverted
microscope equipped with a micromanipulator.
Spot 1: 15 pl of a dilution of sperms, Spot 2: 3 spots of a 5 ul 10%
polyvinylpyrrolidone PBS culture medium [PVP: average molecular weight:

25 about 360,000], and Spot 3: 3 spots of a 5 ul TALP-HEPES solution (final



15 immature ovum and ovumclassified in Cass-4 are not used for
fertilization. (ii) Preparation of Sperns The sperns are prepared in the
,ssane manner as in the in vitro Fertilization. 20 (iii) Intracytoplasmc
Sperm Injection The intracytoplasmc spgrminjection is carried out under
an inverted mcroscope equipped with a mcromani pulator. Spot 1. 15| of a
dilution of spernms, Spot 2: 3 spots of a 51 10% polyvinylpyrrolidone PBS
cul ture nedium [ PVP: average nol ecul ar, weight: 25 about 360, 000], and Spot
3: 3 spot scmfceanﬁtibnﬂ\mg/n&mqurunampul(anpn@lf oygmargseauentialbnplagedry/ nd
BSA) for mani pul ation of ovum are sequentially placed in a dish of 150 mMm
i n di anet ein a dish aftkiOczin by diamsiter, and theseaftesrtheic suidaess arp cAveredwitieral oi |
to avoid being dried. The spots are used for the working field for
i nt r acyt opimserat oil pe awoidaing doed. Theispetstate nged fardhe praskingnbielddoure for 5
mani pul ation is kept constant, a heating stage may be used, if necessary.
An i nj ect i imracytapilasmic spermdnjection.o Iegideutaby;ehensthei tampeesture f96 y  wor ki ng
performance. The injection needle includes a 30-degree inclined needle for
humars i nt r eapippdhtienisckepsconstani, adeating siage avaibe usish if NergssAEdl e i ncl udes
t he above-nentioned 30-degree 10 inclined needle for human intracytoplasmc
sperm i nj ect i on Amainjeckionatgtle ispennectedito anAd,CATEH: syrivge abbighly100 m and
an inner dianmeter of the tip of about 15 m which is made of a magnetic
plur (PN BWOrhh)ngeafnrmdeb&hmmieGhOlgé)‘af.:dlem@umﬁ@'@ssmmﬁbn%@%ﬂ@ei s
used in the state where the needle is connected to an injector equipped
wi th a 2006ed huhan infracysoplastgis speenmagaHeRng t he sperm a sperm havi ng
nobility selected to be aspirated in .

An ovum supporting needle includes the above-mentioned 30-degree

10 inclined needle for human intracytoplasmic sperm injection, and a needle having
an outer diameter of about 100 um and an inner diameter of the tip of about
15 um, which is made of a magnetic plur (PN-30, manufactured by Narishige).
The ovum supporting needle is used in the state where the needle is connected to
an injector equipped with a 2000-ul airtight syringe.

15 Regarding the sperm, a sperm having mobility selected to be aspirated in
Spot 1 on the basis of the criteria for human intracytoplasmic sperm injection ,
and thereafter the sperm obtained is transferred and discharged to Spot 2. In
Spot 2, the mobility of the sperm is lowered due to the viscosity of PVP. The tail
of sperm was rubbed with the needle to partially destroy the membrane, thus,

20 stopping sperm movement. The sperm is aspirated together with a highly
viscous solution, and transferred to Spot 3.

The mature ovum is placed in Spot 3, and immobilized at a 6-o'clock or
12-o'clock position in a clock using a supporting needle, while paying attention
to avoid the destruction of the chromosome under the polar body by the injection

25 needle. Subsequently, the sperm is placed in the tip of the injection needle, and



Spot 1 on the basis of the criteria for human intracytoplasm c sperm
injection , and thereafter the spermobtained is transferred and

di scharged to Spot 2. In Spot 2, the nobility of the spermis |owered due
to the viscosity of PVP. The tail of spepmwas rubbed with the needle to
partially destroy the menbrane, thus, 20 stopping sperm novenent. The sperm
Is aspirated together with a highly viscous solution, and transferred to
Spot 3. The mature ovumis placed in Spot 3, and i mobilized at a 6-0'cl ock
or 12-0' cl fjecrebinte amovima Afteckonfiinniggahsithpacedleds passet ehrodghltke payi ng
attention to avoid the destruction of the chronbsonme under the polar body
by the i nj egionapeRacitagtiecoolEmbreigugpirhted. tARersqmfimiing tenpturerofithe tip of
the injection needle, and 20 injected into an ovum After confirm ng that

t he needl e ifiemdsarg thd¢aitelts (the spenns aneé thacosdbme)tineho ijection needis prer at ed.
After confirmng the rupture of the nenbrane, the contents (the sperns and

t he oosone) ijhjectdte Ankfies bbthenaenipalaions fonjrgedtiang a spesar areboodorhdiare
mani pul ations for injecting a spermand oosone are 5 repeated. Two or three

ova ar§ subjrepéated.t Twobr theye opd arensubjeped to intjaeytoptasmio sperns imjgEton in a
mani pul ati on. Wen the inner surface of the tip of the needle is
cont am nat edingle mappulatioan Whers dreeinnehsurfacef cfdbe itip ofcthbadedletihy Spot 2.
After the step (a), step (b) of allowing the fertilized ovum obtained in
the 10 stemxopgmimatat Withrspetmsnard onseme, thesutfacy st whsheidrwithiSpot Qul ture is
carried out. The in vitro culture includes a m cro-hanging drop culture
characterized in that a culture nediumis covered with a mneral oil from
t he vi ewpoint of avoiding drastic changes in tenperature and carbon
di oxi de gas concefftentliemtep (a)hstepi(b) of dliowingghed fentilizad ovnm obtameddolthe que
which is not usually enployed in 15 experinents for humans, but w dely
enpl oy@d i n stép(Drpeaiifforentiafecintd ablastaayst/by in vitro culture is carried out.
The in vitro culture includes a micro-hanging drop culture characterized
in that a culture medium is covered with a mineral oil from the viewpoint of
avoiding drastic changes in temperature and carbon dioxide gas concentration.
The micro-hanging drop culture is a technique which is not usually employed in
15 experiments for humans, but widely employed in the experiment for laboratory
animals such as mouse and rabbit. According to this culture method, there can
be exhibited an excellent effect that an unexpectedly high development rate by
applying the method in the development of a monkey-derived blastocyst.
For culturing a fertilized ovum, it is desired that the door of an incubator
20 should not be opened and the incubator is tightly closed for 7 to 9 days,
preferably 8 days after starting the cultivation in the case of in vitro fertilization,
and 7 to 10 days, preferably 9 days after starting the cultivation in the case of
intracytoplasmic sperm injection, until the appearance of blastocyst is expected,
from the viewpoint of avoiding unwanted stress, such as changes in temperature

25 and pH which can be caused during observation of the culture process.



animal s such as nouse and rabbit. According to this culture nmethod, there
can be exhibited an excellent effect that an unexpectedly high devel opnent
rate by applying the nmethod in the devel opment of a nonkey-derived

bl astocyst. For culturing a fertilized2dvum it is desired that the door of
an incubator 20 should not be opened and the incubator is tightly closed
for 7 to 9 days, preferably 8 days after starting the cultivation in the
case of in vitro fertilization, and 7 to 10 days, preferably 9 days after
starting the culhéuppéarandenof blastoeyss terids torberprepowionakie thegpierof gaslyect i on,
until the appearance of blastocyst is expected, fromthe viewpoint of
avoi di ng ustagmofdelddivision. such as changes in tenperature 25 and pH which
can be caused during observation of the culture process. 21 The appearance
of bl astocyst tnadditionpeneefothesignifieantifeatures resides br ctipyneditBye of cel |
division. In addition, one of the significant features resides in culture
medi um  cailture demperaturgtandecudtue stmnosphereawhishsie utiliged htheris Witrpl i zed in
the in vitro 5 culture in the step (b). It is preferable in the step (b)
t hat 5t he icultiredn theistep().i s perforned by using CVRL-1066, TCM 199, DMVEM
a-MEM or the like. It is especiall preferable that in vitro culture is
per f or med usi ngltdnRrefecabde in theistemitaithat the anvritroigdbire anperéopmedhyed as
follows: 10 The anount 0.014615 1 mM) of L-glutamine is dissolved in 10
n of Sol usi'ngtCMR[Ipéﬁﬁé,iT@Ml@gﬂmﬂm-f\@l}d, or thenikesfItdgepineeidlh sul fate
(10 ng/mM ), 10 m of CMRL-1066 (10 x) (w thout HCO3 d |-glytam ne),
0.218 g of prefenablesthasimvitio @iltuseds performadysing &34 még‘l@%méﬁy,added

with water to a volume of 100 mM ], The resulting solution is then
st eri | i zedCHRLr106G¢ambe prepated as follows:

10 The amount 0.014615 g (1 mM) of L-glutamine is dissolved in 10 ml of
Solution A [penicillin G (1000 units), 0.5 ml of gentamycin sulfate (10 mg/ml),
10 ml of CMRL-1066 (10 x) (without NaHCO; and L-glutamine), 0.218 g of
NaHCOs, 6.7 ml of sodium lactate (290mOsmol's stock), added with water to a
volume of 100 ml]. The resulting solution is then sterilized by filtration. To 1

15 ml of the solution after the sterilization is added 9 ml of Solution A, to give
Solution B in a total volume of 10 ml. The amount 0.0055 g (final
concentration: 5 mM) of sodium pyruvate is added to and dissolved in Solution
B, to give Solution C. Eight milliliters of Solution C and 2 ml of BCS (bovine
calf serum) are mixed. The resulting mixture is sterilized by filtration, to give a

20 solution of CMRL-1066.

Further, as the culture medium, it is desired that a culture medium
selected from the group consisting of TALP solution, TALP-HEPES solution
and BWW solution is used from the viewpoint of reducing the influence on the
ovum. Specifically, the culture medium mentioned above includes a culture

25 medium in which TALP and CMRL-1066 are used in combination. According



15 M of the solution after the sterilization is added 9 ml of Solution A,
to give Solution Bin a total volune of 10 m. The anpunt 0.0055 g (final
jconcentration: 5 mM of sodium pyruvate is added to and dissolved in
Solution B, to give Solution C Eight 22lliliters of Solution C and 2 mnl

of BCS (bovine <calf serun) are m xed. The resulting mxture is sterilized
by filtration, to give a 20 solution of CVRL-1066. Further, as the culture
medium it is desired that a culture nmedium selected fromthe group

consi st i ngtothe TAltBresmiedivinyin widelPTAEREE OMRLel066aard uBodhis combimations used
fromthe viewpoint of reducing the influence on the ovum Specifically,

t he cul t urthereaiiewsomeadvantages ab that bynusingthe cultue medéurpSiftes donfirmationi ch
TALP and CVRL- 1066 are used in conbination. According 22 to the culture
medi um i n efthefemidizatiandllomalthe asauls o develpp mte blastasyst, and to abkicgear e sone
advant ages i n that bK using the culture nediumafter confirmation of the
fertilizatéxsrem¢lydvigh developmental ratielef 40 ¢ 46t i fertdkdzesktembrycand t o achi eve
extrenely high devel opnental ratio of 40 to 46%in fertilized enbryo. 5 It

i s désired thatlttihdesitgd thattheambaratamperatirg K3 BIC ai bigher, peferablybl y  37. 5C
or higher, and that the culture tenperature is 38.5C or |ower, preferably
38.2C or | 3NEFC origharhand thantha entltwre terthpenature ng) 38 .48Ctardewesquicferabliyn t he
devel opnment, and the vi ewpoi nt of pronoting of devel opnent frommnorula into
bl ast ocyst38.2peairflowat, Ifygmabe viesepaintadfi shoriening thedimhe requitedanitbe, and at 8
days after 10 intracytoplasm c sperminjection, blastocysts can_ be

ef fi ci ent | gevebopmentd an¢ the viewpoinigpfprogrtng Hfaleyelopment fram seoralainte
preferably a | owoxygen atnosphere fromthe viewpoint of pronoting or

i mpr ovi ng bllaetoawelémefmallm aht deyuafienio vitradeniizstion, and at 8 days after

10 intracytoplasmic sperm injection, blastocysts can be efficiently obtained by
culturing at 38°C.

The culture atmosphere is preferably a low-oxygen atmosphere from the
viewpoint of promoting or improving the development from morula to blastocyst.
Specifically, by using an atmosphere consisting of 5% CO,, 5% O, and 90% N,

15 which is lower in O, concentration than a culture atmosphere usually employed
for preparation of ES cells, there can be exhibited excellent effects such that
blastocysts can be obtained surprisingly efficiently.

Further, step (c) of establishing an embryonic stem cell line using the
blastocyst obtained in the step (b) is carried out. In the step (c), the embryonic

20 stem cell line is established by culturing the inner cell mass derived from the
blastocyst obtained in the step (b) on feeder cells or in the presence of leukemia
inhibitory factor [LIF, also referred to as differentiation inhibitory factor (DIF)].

When inner cell mass is obtained from a blastocyst, blastocysts in which
the zona pellucida has been removed may be used. The zona pellucida may also

25 be removed by treating with hyaluronidaze, pronase, acidic Tyrode's solution and



Specifically, by using an atnosphere consisting of 5% C02, 5% 02 and 90%
N2, 15 which is lower in 02 concentration than a culture atnosphere usually
.enpl oyed for preparation of ES cells, there can be exhibited excellent
effects such that blastocysts can be @3tained surprisingly efficiently.
Further, step (c) of establishing an enbryonic stemcell |ine using the

bl ast ocyst obtained in the step (b) is carried out. In the step (c), the
enbryonic 20 stemcell line is established by culturing the inner cell

mass deri vihe likeonWhica the zenopslbucidbisaemayed byt hyalwoajlaze,) pronases adigic cel | s
or in the presence of leukemia inhibitory factor [LIF, also referred to as
di f f er ent i Ayrasle'si sobution and thfedilte; blasmdysls. mayhe indubated indViR owbtuse i s obt ai ned
froma bl astocyst, blastocysts in which the zona pellucida has been renoved
may be usenheditiie cootainipglanwapipgepriatg caneentrationd hyshuoridans, prenase, ng wit h
hyal ur oni daze, FFronase, acidic Tyrode's solution and 23 the |ike. Wen the
zona pel | uadide Tyrodelssobdidnorthellikedséed &, DpMo(alower etdildied., Ddode' s
solution and the |ike, blastocysts may be incubated in M2 culture medium
cont &i ni ngChmiaggr Mummebiar Spstensr Athractied! Apprpacihdnd adisiongfl8RAsend aci di ¢
Tyrode's solution or the |like [see, e.g., DD M Gdover et al., ed., DNA 5
C oni ng 4, thediked! iAfiterSparaving the zonaqellvaidasthsridagacystviokidinedonay beo5) , and
the like]. After renoving the zona pellucida, the bl astocysts obtained may
be mashedwmhddwﬁdisnjlmpgatbtmf@&is@lmei, ifenecessanpcessary. In order to
separate the inner cell mass froma bl astocyst w thout the zona pellucida,
for instance, tHeorlesse sepasatethy inner sabbjmeassdepm @ blagtoenss withouy theizomayr t her
endodermal cells are stripped away by pipetting. The resulting inner cell
mass obt ai peldugida,dor instanceptherblasieeyst angysbg sybjactod &k immuyaosHIger¥-er at ed

inner cell mass is trypsinized (tf.or | nstance, treated with 0.25% by wei ght
of t40ypsi nFurther, endodermal cells are stripped away by pipetting. The resulting inner

cell mass obtained is cultured on feeder cells for 1 week. The proliferated inner
cell mass is trypsinized (for instance, treated with 0.25% by weight of trypsin +
0.5 mM EDTA, and the like), to obtain a mass made of about 3 to 4 cells.
Further, these cells are cultured again on feeder cells.

15 The anti-serum used in the immunosurgery includes, for example, a rabbit
anti-monkey serum, particularly a rabbit anti-Japanese monkey serum, a rabbit
anti-cynomolgus monkey serum and the like. The inner cell mass can be
separated by transferring the blastocysts into a solution prepared by 20-fold
diluting the anti-serum with M16 culture medium [see DNA Cloning 4,

20 Mammalian Systems, A Practical Approach, supra, and the like], and incubating
them at 37°C for 30 minutes. In addition, the trophectoderm may be physically
removed under a microscope using a glass needle, as required.

The feeder cell includes a cell obtained by treating with mitomycin C or
irradiating with X ray, and the like a fibroblastic primary cell culture derived

25 from a murine fetus at Day 12 to Day 16 from pregnancy, murine fetal fibroblast



0.5, nM EDTA, and the like), to obtain a nmass nmade of about 3 to 4 cells.
Further, these cells are cultured again on feeder cells. 15 The anti-serum
Jused in the i munosurgery includes, for exanple, a rabbit anti-nonkey
serum particularly a rabbit anti-Japangse nonkey serum a rabbit
anti-cynonol gus nonkey serum and the |ike. The inner cell mass can be
separated by transferring the blastocysts into a solution prepared by
20-fold diluting the anti-serumwth M6 cul ture medi um[see DNA C oni ng
4, 20 Manmeell dineSyTOeall, and pheibke.c dhe moussdarived fpeder cgHd atehe | ke], and
incubating themat 37C for 30 mnutes. In addition, the trophectoderm nmay
be physi cahflyantageansdar axprsimentsiin that thgiecansbe prepargdinsa lasgeiseale.as

requi red. The feeder cell includes a cell obtained by treating with
mtomycin C or Thernseparatiog ohteeder call canbg qarded pwie Tor instanedl tysthec pri mary
cell culture derived 25 froma nurine fetus at Day 12 to Day 16 from

pr egnancy, matheddescsibgd inExagmlesbelow, aadthe like STO cel |, and the Ii ke.
The nmpuse-derived feeder cells are advantageous for experinents in that
they Xan be pregdedaedar cglls argplatadiioa geatpinsoaisdramtusn vessehusisgMEMel | can
be carried out, for instance, by the nethod described in Exanples bel ow,
and the | kainigumgsyeagighmediym sagled madivmg The fgeded ealisimaybe Eﬂte@ o e
vessel using MEM_ (mnimum essential_ medi um eagle) medium The feeder cells
may be pl aceduigrplate toan extentghat the cglls goess thasurfpcg of the plateiwithomter t he
surface of the plate without spacing. The inner cell mass is plated on

f eeder cel PRA@ARE-er exchanging MEM 10 nediumwith a nmediumfor culturing ES

cells [ES cell culture mfdi um, Tablg 3] in a culture vessel in which the
f eeder cells ar g‘tﬁnﬁpg{lgcge_lmass is plated on feeder cells after exchanging MEM

10 medium with a medium for culturing ES cells [ES cell culture medium, Table 3],

in a culture vessel in which the feeder cells are plated,.

Table 3
Compeosition of ES Cell Culture Medium
Name of Manufactural Product Amount Added
DMEM/F12 (manufactured by Sigma) 500 ml
FBS (manufactured by JRH BIOSCIENCES) 75 ml
Glutamine (manufactured by Sigma; 200 mM) Sml

Mixture of Penicillin (manufactured by
Sigma; 10,000 IU/ml}) and Streptomycin
(manufactured by Sigma; 10 mg/ml) 5 ml

Sodium Pyruvate (manufactured by Sigma; 100 mM) Sml
Sodium Hydrogencarbonate (manufactured by Sigma; 7.5%) 8 ml

2-Mercaptoethanol
(manufactured by Sigma; final concentration: 10 M) 4 ul

LIF 0.5 ml of one having
(manufactured by ESGRO; final concentration: 1000 U/ml) 10° U/ml




Tab] e 3 Conposition of ES Cell Culture Medium Nanme of Manufactural Product
Amount Added DVEM F12 (manufactured by Sigma) 500 m FBS (nanufactured by
JRH BIOSCIENCES) 75 ml QG utam ne (nmanufactured by Sigma; 200 mM 5 ni

M xture of Penicillin (manufactured by 28 gma; 10,000 U m) and
Streptonycin (manufactured by Sigma; 10 ng/m) 5 m  Sodi um Pyruvat e
(manufactured by Sigma; 100 M 5 ml  Sodi um Hydr ogencar bonat e

(manuf actured by Sigma;, 7.5% 8 m  2- Mercapt oet hanol (manufactured by
Sigma; final concentration: 10"4 M 4 1 LIF 0.5 m of one having

(manuf actured by ESGRO, final concentration: 1000 Um) 106 Um 25 The
cul ture condi ti The chliure ¢comditédnssfomtlye ¢adlsttay betlak conditions itilizeshusiallal | y
for a culture condition of nouse ES cells. For instance, the cells nay be
cultured foora Gultiarg sonditien daffreouserS celdsisFart instagce,thgveltomaybec¢ultinedl |y,
it is desired 5 that the culture nediumis not exchanged for 3 days after
starting tfor ZTddyswmleathe conditionhat 31°6t ia ¥ COpl loidantally,iisisadesgeded every
day under a m croscope, fromthe viewpoint of avoiding the prevention of

i npl @nt at i that tfe ¢ulhoe needibmnia ot exchangeadifer ddays afserctartingthy chlfure and
sequentially transferred to a larger plate for subculture as the cells
prol i f er at that 1}@ state of implantation is observed every day under a microscope, from the

viewpoint of avoiding the prevention of implantation of inner cell mass. In
addition, the cells may be sequentially transferred to a larger plate for subculture
as the cells proliferate.
10
Next, the embryonic stem cells are identified and evaluated. Incidentally,

the exemplary evaluation criteria are as follows.

Examples of Evaluation Criteria
15 Karyotype
The chromosome number is not abnormal. Typically, whether or not the
chromosome number is the same as that of the original monkey (2n = 42) is

determined.

20 Pluripotency

For instance, the potential to differentiate can be examined by injecting
cells (1 x 10° to 1 x 10° cells), which are appeared to be embryonic stem cells, to
hypodermis, the renal capsule or in the testis of a 8-12 week old SCID mouse or
nude mouse, examining the presence or absence of the tumor formation at 5 to

25 16 weeks after the injection, wherein when tumors are formed, the tumors are



Next, the enbryonic stemcells are identified and eval uated. I|ncidentally,
the exenplary evaluation criteria are as follows. Exanples of Eval uation
Criteria 15 Karyotype The chronosonme nunber is not abnornal. Typically,
‘whet her or not the chronbsone nunber iZ the sane as that of the original
nonkey (2n = 42) is determned. 20 Pluripotency For instance, the
potential to differentiate can be exam ned by injecting cells (1 x 105 to
1 x 106 cells), which are appeared to be enbryonic stemcells, to

hypoder mi ssutijoeted ém e bistrdogicalotest. MAlshevaréants types ofip@entialsgek ol d SCI D
nouse or nude nouse, exam ning the presence or absence of the tunor
formati on diffésentiate San bewletdrsminéd end theepluripetenicy can hieeveluateshey t unors are
formed, the tunors are 26 subjected to the histological test. Al so, various
types of pmmeoninglthe feededcéliizorhy ndding@adiffseccntiationrindecingragentsuch as

pl uri potency can be evaluated by renoving the feeder cells or by adding a
di f f er ent i eettinome aciduci ng agent such as retinoic acid. 5 Mrphol ogi cal
Features 1. There are exhibited high nucl eus/cytoplasmratio, conspicuous
nucl €oli, and colonization. 2. The colonies are nore flat, as conpared to
t he nouse ES cell colonies. 10 Exanpl es of the norphol ogical features are
shown i n PMogphelogichl Pgat

1. There are exhibited high nucleus/cytoplasm ratio, conspicuous nucleoli,
and colonization.
2. The colonies are more flat, as compared to the mouse ES cell colonies.
10
Examples of the morphological features are shown in Panel A and Panel

B in Figure 1 and Figure 2.

Expression of Cell Surface Markers
15 Negative Control: SSEA-1

Positive Control:  SSEA-3, SSEA-4

The respective cell surface markers above are glycolipid cell surface
markers which are stage-specific embryonic antigens. The markers can be
detected by a conventional immunostaining or the like using antibodies raised

20 against these markers as antigens.

Alkaline Phosphatase Activity

The alkaline phosphatase activity can be detected by a conventional
alkaline phosphatase staining.

25



Bin Figure 1 and Figure 2. Expression of Cell Surface Markers 15 Negative
Control: SSEA-1 Positive Control: SSEA-3, SSEA-4 The respective cell
surface narkers above are glycolipid cell surface narkers which are
st age-specific enbryonic antigens. Themarkers can be detected by a
conventional inmunostaining or the |ike using antibodies raised 20 against
these markers as antigens. Al kaline Phosphatase Activity The al kal i ne
phosphat ase activity can be detected by a conventional alkaline
phosphat ase st a$pécifjcalRy tRe nfeméej/fdecizkd gmbrpenicstdne vel of itheepreseltr yoni ¢ st em
cell of the present invention includes an established cynonol gus
nonkey- derinventio® idcludgsem éstatdishyd cymomoiguganonkeyt-denivael dell, spetifigalipe
foll owi ng properties: (i) being capable of indefinitely proliferating while
bei ng mai nimémbeydmic atend celhdidvirey thetfolowing propeaties; (ii) having the sane
chronosone nunber as that of original Macaca fascicularis; (iii)
exhi bi ting(i) he pdingicapableof indefimitetyaprydiferating whllmbcpmgenamtmnedwm arenal
capsule or the testis of a 8-12 week-old SCI D nouse or nude nmouse; 10 (iv)
bei ng neganndiffefentiaBRbir statend positive for SSEA-3 and SSEA-4; and (V)
exhi biting an al kali ne phosphatase activity.
(i)  having the same chromosome number as that of original Macaca
fascicularis;
(iii) exhibiting the pluripotency when transplanted to hypodermis, the renal
capsule or the testis of a 8-12 week-old SCID mouse or nude mouse;
10 (iv) being negative for SSEA-1 and positive for SSEA-3 and SSEA-4; and
(v)  exhibiting an alkaline phosphatase activity.
The cynomolgus monkey-derived embryonic stem cell has the following
morphological features: (vi) exhibiting high nucleus/cytoplasm ratio, conspicius
nucleoli, and colonization, and being more flat colonies compared to the mouse
15 ES cell colonies (see, for example, Panel A and Panel B in Figure 1 and Figure
2).
The established cynomolgus monkey-derived embryonic stem cell of the
present invention exhibits the ability to differentiate into ectodermal cells,
mesodermal cells, endodermal cells and the like, more specifically the ability to
20 differentiate into, for example, neuron, glia, muscle, cartilage, bone, ciliated
epithelium, intestinal epithelium and the like, when transplanted to hypodermis,
the renal capsule or the testis of a 8-12 week-old SCID mouse or nude mouse.
The established cynomolgus monkey-derived embryonic stem cell of the
present invention is expected to be used for generating model animals of diseases

25 and for preparing tissues for transplantation.



The, cynonol gus nonkey-derived enbryonic stemcell has the follow ng

nor phol ogi cal features: (vi) exhibiting high nucleus/cytoplasmrati o,
.conspicius nucleoli, and colonization, and being nore flat col onies
conpared to the nouse 15 ES cell col oni28s (see, for exanple, Panel A and
Panel B in Figure 1 and Figure 2). The established cynonol gus
nonkey-derived enbryonic stemcell of the present invention exhibits the
ability to differentiate into ectodermal cells, nesodernal cells,

endoder mal cel | Thantbrikey-darkved embryosjresterhi aedll dfithe peesabt inventiom alows
differentiate into, for exanple, neuron, glia, nuscle, cartilage, bone,
ciliated theiscreemingrof a n¢agent fiorl spepifichdiffierentiationtinte 3 tissue ch?hranspl ant ed
to hypoderms, the renal capsule or the testis of a 8-12 week-old SCI D
nouse or nespeciablygereferallyasttapiingtectissog 0o aqirimateresHk chhederesant dnerioponi ¢
stemcell of the present invention is expected to be used for generating
nodel ani nedcompasdesa asdbod A& seneening a peagsat forgpecifioudifferantiation into a
transpl antati on. 28 The nonkey-derived enbryonic stemcell of the present
i nverst i on d$duewn a ¢dle screening of a reagent for specific differentiation
into a tissue or a cell, especially preferably of a prinmate tissue or a
primate cell. TBaemfdhefitatiresofthomethocforsarsninga raaghnidfor specificeeni ng a
reagent for specific differentiation into a 5 tissue or a cell. One of the
f eat ures odifferentiatidmoibnté arcelardissungf therpraspnt invemtiongesides in that the
differentiation into a cell or tissue of the present invention resides in
that the embryamcstesm eedl ofthe piesentdnyensiomis kept inthepiesencr ope test t he
presence of a test substance. 10 In the screening nethod of the present

i nvent i on, sshstaneet he enbryonic

10 In the screening method of the present invention, since the embryonic
stem cell of the present invention is used, there are exhibited excellent effects
that the reagent useful for embryological studies, studies of diseases and clinical
applications and useful for obtaining the desired differentiated cells or
differentiated tissues can be screened.

15 In the screening method of the present invention, the specific
differentiation from an embryonic stem cell into the desired tissue or cell can be
evaluated by, for example, using as an index a marker expressed in the desired
tissue or cell. The marker for the desired tissue or cell includes tissue- or cell-
specific antigens. The marker for the desired tissue or cell includes, for example,

20 neuron-specific enolases, glia fibrous acidic proteins, nestin and the like as a
marker for a neuronal cell; S-100 protein, tartaric acid-resistant acid phosphatase
and the like as a marker for cartilage; desmin, muscle-specific actin and the like
as a marker for muscle. Such specific marker may be detected by conventional
ELISA, immunostaining or the like using antibodies against the markers, or

25 detected by conventional RT-PCR, DNA array hybridization or the like using a



stemcell of the present invention is used, there are exhibited excellent
effects that the reagent useful for enbryol ogical studies, studies of
diseases and clinical applications and useful for obtaining the desired
differentiated cells or differentiated%issues can be screened. 15 In the
screeni ng nethod of the present invention, the specific differentiation
froman enbryonic stemcell into the desired tissue or cell can be

eval uated by, for exanple, using as an index a marker expressed in the
desired tnsdei anid encdding ke markerr Incidentallydideitera "nigleiceacdd” radets toncl udes
tissue- or cell- specific antigens. The marker for the desired tissue or
cel | incl ugesomicad NeA,diiNIke mRNAneucBNAspeci fi ¢ enol ases, glia fibrous
acidic proteins, nestin and the like as a marker for a neuronal cell;
S-100 protein, Thetreagent abtainadesy thesscreendngimsithachisaemaompassed byhthel | ke as a
mar ker for cartilage; desmn, nuscle-specific actin and the like as a

mar ker f or prasent inveioth Accciding torthekeagembyapipdicdtiorsindthieficld ofivent i onal

ELI SA, i munostaining or the |ike using antibodi es agai nst the markers, or
25 det ect etegeperativeanedions| arRExp@Red.DNA array hybri di zation or the |ike
using a 29 nucleic acid encoding the marker. Incidentally, the term

"nucl ei ¢ aci d" Ieaddisionptheglifferantiatondrcelltoal diffexpntinted tissaie €pgh r eagent

obt ai ned by the screening nmethod is encor‘r{)assed by the present invention.
Accor di ng tiffernntiated deom thexpmbrycmic siem ¢ells ofehe ips¢sgnbinventien arealsei ve

medi ci ne are expected. |In addition, the differentiated cell and

di f f er ent i aneampassedbydhe presgntimyeation.at ed from the enbryonic stemcells of
the present invention are also enconpassed by the present invention. The
di fferentiated a&bldiﬁnmnmaterdeoeélrandadlér%mnt@wbnwn a8 beddentifiedlbly by

10 observing the expression of the markers specific for the cell or tissue, or the
morphological features.
The differentiated cell or differentiated tissue of the present invention is a
cell or tissue of monkey which is closely related to humans. Therefore, the cell
or tissue is suitably used as a subject in a variety of tests for various agents, or to

15 use as a model for transplantation of tissue or cell.

The present invention will be more specifically described below by the
following Examples and the like, but is not limited to the Examples. Here, "%"
as used in the Examples and the like indicates % by weight, unless otherwise

20 specified. Also, the expression "%" for CO,, O, and N, indicates % by volume.

Example 1: Method for Preparing Blastocyst from Cynomolgus Monkey
In a monkey, unlike in other laboratory animals such as a mouse, a rat

25 and a rabbit, a method for collecting a fertilized ovum by perfusion of an oviduct



10 observing the expression of the markers specific for the cell or tissue,
or the norphological features. The differentiated cell or differentiated
JLissue of the present inventionis a cell or tissue of nonkey which is

closely related to humans. Therefore, t3® cell or tissue is suitably used
as a subject in a variety of tests for various agents, or to 15 use as a
nodel for transplantation of tissue or cell. The present invention will be

nore specifically described below by the follow ng Exanples and the |ike,
but is not of utereetemains lyet Exberpstalslisheidin the' cgrrentsitugtion.i it hasdeEralgl es and
the like indicates % by weight, unless otherw se 20 specified. Also, the
expr essi onkhotwnftbat tbezfficienay of riméthad fer enllepsing afertilired awuanfriom the Met hod
for Preparing Bl astocyst from Cynonol gus Monkey In a nonkey, unlike in

ot her | abonterus in thei omilatioucyclass verydowe, a rat 25 and a rabbit, a method
for collecting a fertilized ovum by perfusion of an oviduct 30 or uterus
remai ns yet to Hheeforslat Hiietime in DEFC'(I[II@ peoduceiatblastooyst suttablgafonthen al so
known that the efficiency of a method for collecting a fertilized ovumfrom
t he 4t er usstablishmenivafl ant ¢mhryopi¢ steinscelk therk ovas imvestigatadea methachi s tine, in
order to produce a bl astocyst suitable for the 5 establishnment of an
enbryoni ¢ somprisalg carryiagouhdertiliaatéon by én vitraferilinaston ashintiagyioplasaricyi ng
out fertilization by in vitro fertilization and intracytoplasmc sperm

i nj ecti on, sperth thjectiarpiang deyelopingtn ablastocyst byninwitnocwdiwre.ure. (1) Ovary
Stimul ation Method 10 To a fenal e cynonol gus nonkey (4-15 year-old), 1.8 ng
of gonadotropin-rel easi ng hornone (GWRH) [trade nane: Leuplin,

manuf actured by Takeda Chem cal Industries, Ltd.; or trade name: Sprecur,
manuf act ur €f) @yary Stimulation Method

10 To a female cynomolgus monkey (4-15 year-old), 1.8 mg of
gonadotropin-releasing hormone (GnRH) [trade name: Leuplin, manufactured by
Takeda Chemical Industries, Ltd.; or trade name: Sprecur, manufactured by
Hoechst Marion Roussel] was subcutaneously administered. Starting at 2 weeks
after GnRH administration, 25 IU/kg pregnant mare’s serum gonadotropin

15 (PMSG) [trade name: Serotropin, manufactured by Teikoku Hormone
Manufacturing, Co., Ltd.], 10 IU/kg human menopausal gonadotropin (hMG)
[trade name: Pergonal, manufactured by Teikoku Hormone Manufacturing, Co.,
Ltd.] or 3 IU/kg follicle-stimulating hormone (FSH) [trade name: Fertinorm,
manufactured by Serono Laboratories] was intramuscularly administered at a

20 given time in the evening once a day for nine consecutive days, in this Example.
Five days after the administration, the ovary was observed by using a
laparoscope (3 mm in outer diameter), thereby confirming the presence or
absence of follicle development.

Subsequently, after confirming sufficient follicle development by

25 administration of PMSG, hMG or FSH, 400 IU/kg human chorionic



Hoechst Marion Roussel] was subcutaneously admi nistered. Starting at 2
weeks after GiRH admi nistration, 25 |U kg pregnant nmare's serum
,gonadotropin 15 (PMSG [trade name: Serotropin, manufactured by Tei koku
Hor rone Manufacturing, Co., Ltd.], 10 31U kg human nenopausal gonadotropin
(hM5) [trade nane: Pergonal, manufactured by Tei koku Hor none
Manufacturing, Co., Ltd.] or 3 1Ukg follicle-stimulating hornone (FSH)
[trade nane: Fertinorm rmanufactured by Serono Laboratories] was

i nt r anuscugenddoteogin (hSGY [ radaname 2Pubgrogen, manufacturdtcb e SenkyqyCondddd day
for nine consecutive days, in this Exanple. Five days after the

admi ni st r awiasadntihisteyedonceverdrampsseniarly. dyorty hogrsaaftelr by adovmistratomm i n
outer diameter), thereby confirmng the presence or absence of follicle
devel opnenbva siens egllented.y, after confirmng sufficient follicle devel opnent
by 25 adm nistration of PMSG hMs or FSH, 400 | U kg human chorionic 31
gonadot r opi n ( hTbe ovunacellection: wauesasried ent bynpunetacingrtbe ovgrisafindliclesp. |,

Ltd.] was admnistered once intranuscularly. Forty hours after hCG

adni i st r aandaspirating teegodlecboyvatagether with ﬁ:lﬁqulabﬂuectundm alapamacoped out by
puncturing the ovarian follicles, 5 and aspirating to collect ova together
wi th folliobseavationu(d) mnmalén outer dipmessr)aing aBsem anjeetion syrimga ¢quippedr
dianeter) using a 2.5 m injection syringe equipped wth a 60 nm 19G or
20G Cat hel withne6@inen 18€ oe 2AGt Gathelin naedle cwhersim thessyringegontgingt a- VEM

(al pha-nodi fication of Eagles Medium manufactured by |CD Bionedical Inc.)
cont ai ni ngselotion of .o MEMo(alplesrsdi¢ationof Bagles Meadiwm) masufastuned iy,

manuf actured by Irvine Scientific Sales Inc.). After the collection, a

mat ur e ovuwarémrmsrbqaldyca ¢ontaigingaphot 0.8 mbof 0% SSS (serum substitute

10 supplement, manufactured by Irvine Scientific Sales Inc.).

After the collection, a mature ovum enveloped by cumulus oophorus cells
was immediately separated under a stereoscopic microscope, transferred to
TALP containing 0.3% BSA (hereinafter referred to as BSA/TALP), and pre-
cultured for 3 to 4 ho;u's in a carbon dioxide incubator at 37°C, 5% CO,, 5% O,

15 and 90% N,.

As described above, the ovum collection under laproscopic observation
was carried out by making only about 1 cm incision in the abdominal wall,
inserting a laparoscope and puncturing the ovary through the abdominal wall.

On the other hand, the ovum collection method was performed by the

20 ovarian extirpation method comprising extirpating ovary and uterus, and
thereafter perfusing uterine tube, in the case of a mouse, or by the ovarian
puncture method using ultrasonic diagnostic equipment, in the case of human. In
the case of a monkey, however, the ovarian extirpation method is inapplicable in
some cases because of the limited number of individuals. In addition, since a

25 monkey is smaller in body size than human, it is extremely difficult to apply the



was, i medi ately separated under a stereoscopic mcroscope, transferred to
TALP containing 0.3%BSA (hereinafter referred to as BSA/ TALP), and pre-
,cultured for 3 to 4 hours in a carbon dioxide incubator at 37C, 5%202, 5%2
15 and 90% N2. As descri bed above, the 3vum col | ecti on under | aproscopic
observation was carried out by making only about 1 cmincision in the
abdom nal wall, inserting a | aparoscope and puncturing the ovary through
the abdom nal wall. On the other hand, the ovum collection nethod was
per f or med mgthddeusing ultvasonimdiegnostissaquipment. Hént thesepiersinsga asathegfen ng
ovary and uterus, and thereafter perfusing uterine tube, in the case of a
nouse, or ¢ollactisganaunfartilizedravum Eomatvirsa fertilizgtion of aseenkeydbadralst i ¢

equi pnent, in the case of human. In the case of a nonkey, however, the
ovarian exdompsticably anst ahsead.sare napally perforanedby dsrey asiesepunsaraaeethed ¢ he
limted nunber of individuals. In addition, since a 25 nonkey is smaller in
body size wndgr ditachmision of theeostary by|lgparptomy uHoweyenghisynetheddms net hod

usi ng ul trasoni c diagnostic equi pnent. For these reasons, a nethod, for

col | &ct i ngdzawhacke such ay Qilasgerburden pn apiindiyidual: @ mugh tisee egnsumptiaeey
both at donmestically and abroad, are usually performed by the ovarian
punct ur e nfuripestopenafie wonad hegling, @ndsd majer 6\9&09 infgctiomar ot ony. However,
this nethod has 5 drawbacks such as D | arger burden on an indjvidual, OO
nmuch time consulpeomrastftbe mesbodgmpleyadaniibe peesaBbEK#gplepr@videsgver ri sk of
infection. In contrast, the nethod enployed in the present Exanple provides
even magnimegeifisd wigkyscompared tq thergase ehthe djreat vision.r Hds therefasp. 1t i s
therefore possible to collect ova wth the puncture site targeted

accur at el ypogsiblgdeicellest oveowish the pumduispdtedarastedageusaielyonty) Tn a very

short tine by suturinfq a single ) ) ) .
10 since the operation can be completed in a very short time by suturing a single

stitch for the abdominal wall after ovum collection, it was found that the present

method is very useful from the viewpoint of animal welfare.

(2) Collection of Sperm
15 (i) Collection Method from Epididymis
Immediately after collecting the epididymis of a male cynomolgus
monkey (10-15 year-old), a 1 ml injection syringe equipped with a 23G needle
was inserted to the seminal duct. Thereafter, BWW containing 0.3% BSA
(hereinafter referred to as BSA/BWW) was injected slowly, thereby collecting

20 the semen overflowed from the tail of the epididymis cut.

(ii) Collection Method by Electric Stimulation
i) Rectal Method
A male cynomolgus monkey (10-15 year-old) was anesthetized with a

25 combination of ketamine hydrochloride and xylazine hydrochloride (5 mg/kg



stitch for the abdom nal wall after ovumcollection, it was found that the
present nethod is very useful fromthe viewpoint of animl welfare. (2)
,Coll'ection of Sperm 15 (i) Collection Method from Epididyms |Imediately
after collecting the epididym s of a ma33® cynonol gus nonkey (10-15
year-old), a 1 m injection syringe equipped with a 23G needle was
inserted to the sem nal duct. Thereafter, BWV containing 0.3% BSA
(hereinafter referred to as BSA/BWN was injected slowy, thereby

col | ect i ngaad ltrhg/kge mspeotiesly) andbplaced in thessupiid pasitiome Kepatiti dyeamswasit .
(i1) Collection Method by Electric Stinmulation i) Rectal Method A male
cynonol gus appliéctto ¢ 1@l-shapedaecial dlectrade aomstchest iozadelectric siim@ataronbi nat i on
of ketam ne hydrochl ori de and xyl azi ne hydrochloride (5 ng/kg 33 and 1 :
nmg/ kg, reslherdafter,the slattoidaceas gemthyriosertast tocthp osdtuinoof. thkenankey. cFleeam was
applied to a rod-shaped rectal electrode connected to an electric

st i mul at or peni§iveascaashed withetesile physidlogiesd sgkime and wiped wéth paper beweleart um of
t he nonkey. The enis was washed with sterile physiol ogical saline and

wi ped wi t htheakike. 'E“bmbni@rtipswahé;nmek@.d imeeteptetibe (30 ml)aSubsaguently, the a t est
tube (50 m}. Subsequently, the electricity was conducted by setting the
el ectric stlestricitypwas conducied by settingghe gleictragstimalatonto amhalterhating i city was
conducted for 3 to 5 seconds and then paused for 5 seconds. This procedure
was repeat gdltage opSt™V The etectyeitiewas condyjctedifort3 tnS seeondslandthenipaused
stinmulation was termnated at that tine. If ejaculation was not 10
observed, fors5 sepondpr dhésiprosedire was fepeated ibppdo dmge eyclese If gjacalgtiono 10 V.

If ejaculation was still not observed, the procedure was carried out at 15
V and was observed, stimulation was terminated at that time. If ejaculation was not
10 observed, the same procedure was performed by changing the voltage to 10 V. If

ejaculation was still not observed, the procedure was carried out at 15 V and

20V,

ii) Penile Method

15 Under no anesthesia, the four limbs of a male cynomolgus monkey (10-
15 years old) were held on the front face of a cage and placed at a position that
the penis is easily supported. The operator, wearing surgical rubber gloves,
washed the monkey’s penis with sterile physiological saline and wiped with
paper towel or the like. An electric stimulator was provided and thereafter, an

20 electrode was set to the penis and connected with a clip to the stimulator. The
electricity was conducted by repeating the procedure of ON-OFF at 1-second
intervals at a direct current voltage of 5 V while shortening the interval gradually
with the passage of time. If ejaculation was not observed, the same procedure
was performed at a voltage of 10 V, 15 V, and 20 V. If ejaculation was still not

25 observed, the same procedure was performed with an alternating current.



20 V. ii) Penile Method 15 Under no anesthesia, the four linbs of a nale
cynonol gus nonkey (10- 15 years old) were held on.the front face of a cage
,and placed at a position that the penis is easily supported. The operator,
wearing surgical rubber gloves, washed34he nonkey's penis with sterile
physi ol ogi cal saline and wiped with paper towel or the like. An electric
stinul ator was provided and thereafter, an 20 el ectrode was set to the
penis and connected with a clip to the stinulator. The electricity was
conducted by repeating the procedure of ONOFF at 1-second intervals at a
direct current voltage of 5 V while shortening the interval gradually wth
t he passagé3)oFreatment afterfearan €ollestionsand Gryopessrvasion (Fosiisaab, PY¥edur e
was perfornmed at _a voltage of 10 V, 15 V, and 20 V. If_ ejacul ation was
still not 25 obsdhesdmenteslicaicd hyrthe seictabmethodparthe peride meathodiwaal t er nat i ng
current. 34 (3) Treatnent after Senen Collection and Cryopreservation
(Torii et allowedd98iandifoeabeuts3) mdtutes incal cénponidéoxide irgubatartad 376€. the

penil e method was al lowed to stand for about 30 minutes in a carbon dioxide
i nculfat or apersysplutionsvasprepared byt ¢adlecting oplyep liguid epmpenanécandaddingy a

| i qui d conponent, and adding _thereto about 1 to 2 ml of BWV containing

0. 3% BSA ( Breggteraboutilito2eml ahBWW contaiting9)3% Bvh ghigeersWhistenand ¢ he
resul ting solution was gentl overlaid on a layered |liquid of 2.5 m of
80% Per col an@m&(ﬁ@%%hn@her@aﬂemhmuhmgi solwtion wag ggntdynd 2.5 m  of
60% Percol | . After 10 centrifugation of the resulting product at 1,400 rpm
and at roofvedaiderma layeredliquidmoind.d mlaf 80% Fergobleimanpfacturedsbyspi r at ed of f
with about 0.5 nml of the bottom portion remaining in the test tube.

Furt her, a®gneriaan RermpciaBipteohing)land 2.5 ml of 60% Percoll. After

10 centrifugation of the resulting product at 1,400 rpm and at room temperature for
20 minutes, the upper layer was aspirated off with about 0.5 ml of the bottom
.portion remaining in the test tube. Further, about 10 ml of BSA/BWW was
added thereto and mixed gently. After centrifugation of the mixture at 1,400 rpm
and at room temperature for 3 minutes, the upper layer was aspirated off with

15 about 0.5 ml of the bottom portion left in the test tube.

An appropriate amount of BSA/BWW was added to the sperm fraction so

as to reach a sperm count of about 5 x 107 to 1.0 x 10° cells/ml, to prepare a
sperm solution. Thereafter, the resulting solution was allowed to stand at 4°C for
about 60 to 90 minutes. Subsequently, to the solution, a TTE-G solution [TTE

20 medium (composition per 100 ml of the medium: 1.2 g Tes, 0.2 g Tris-HCl], 2 g
glucose, 2 g lactose, 0.2 g raffinose, 20 ml egg yolk, 10,000 IU penicillin-G,
5 mg streptomycin sulfate) containing glycerol at a final concentration of 12%],
in a one-fifth amount of the amount of the sperm solution, was gently added drop

by drop in ice water, and thereafter, the resulting mixture was allowed to stand



added thereto and m xed gently. After centrifugation of the mxture at
1,400 rpm and at roomtenperature for 3 mnutes, the upper |ayer was
,aspirated off with 15 about 0.5 m of the bottomportion left in the test
tube. An appropriate anmount of BSA/ BWV3Hs added to the spermfraction so
as to reach a spermcount of about 5 x 107 to 1.0 x 108 cells/m, to
prepare a spermsolution. Thereafter, the resulting solution was all owed
to stand at 4C for about 60 to 90 m nutes. Subsequently, to the solution,
a TTE- G soffort 5 oninitEEEThe abostunentimedqgocedumepef drppping oloTTERG sebutianm 1. 2
g Tes, 0.2 g Tris-HC, 2 gl ucose, 2 | actose, 0.2 g raffinose, 20 m
egg yol k, aod@atiowing peﬁ'angweirmezpea&drig ﬁg‘(ﬁrequemyci n sul fate) containing
glycerol at a final concentration of 12%, in a one-fifth anount of the
amount of the spdienalowingdshe resalingemixtyreatoddandifar©0 toydGimiputes in e wat er ,
and thereafter, the resulting mxture was allowed to stand 35 for 5
m nut es. Theatery theespesm: Sodutien pras plabgdds adk.23oopd my sawT fltheGteaw wason  and
allowng to stand were repeated in five cycles. After allow ng t he
resuliing keptahavetavessaheprtainirgpliqeidovtrogen fersabioyt Squinuigs, @nd thereaer m
solution was placed in a 0.25 or 0.5 nm straw. The straw was 5 kept above a
vessel conitawas firther keptiabover thg diquid niteagsatfos S minytess Thenstramavasgflaced it
was further kept above the liquid nitrogen for 5 mnutes. The straw was
pl aced i nin the liqujdinitrogen anadstozedd stored. (4) Preparation of Spermfor In
vitro Fertilization 10 The straw was taken out fromthe liquid nitrogen,
kept at room tenperature for 30 seconds, and then imersed in a 37C hot
bath for 30 seconds, to thereby thaw the stock sperm sol ution.
Subsequent K4) Preparationafi Spermofordpm vitre Kertiligationt by adding 10 m of BSA/ BWV
containing 1 mM caffeine

10 The straw was taken out from the liquid nitrogen, kept at room

temperature for 30 seconds, and then immersed in a 37°C hot bath for 30 seconds,
to thereby thaw the stock sperm solution. Subsequently, the capacitation was
carried out by adding 10 ml of BSA/BWW containing 1 mM caffeine
(manufactured by Sigma Ltd.) and 1 mM dbC-AMP (manufactured by Sigma
15 Ltd.) to the straw, and incubating the resulting mixture in a carbon dioxide
incubator at 37°C for 30 minutes.
Thereafter, the sperm solution was centrifuged at 1,000 rpm (200 g) for
2 minutes, to discard the supernatant. Subsequently, about 0.5 to 1 ml of
BSA/BWW containing 1 mM caffeine and 1 mM dbC-AMP was added to the
20 sperms. The sperm solution obtained was allowed to stand for 60 minutes in a
carbon dioxide incubator at 37°C. Sperms that were swum up were collected,
and confirmed for their mobility and number. Sperms for in vitro fertilization

were thus obtained.

25 (5) Method of fertilization



(mgnufactured by Sigma Ltd.) and 1 nM dbC AMP (manufactured by Sigma 15
Ltd.) to the straw, and incubating the resulting mxture in a carbon
dioxide incubator at 37C for 30 minutes. Thereafter, the sperm sol ution
“was centrifuged at 1,000 rpm (200 g) fo36 2 minutes, to discard the
supernat ant. Subsequently, about 0.5 to 1 m of BSABWVcontaining 1 nM
caffeine and 1 mM dbC- AMP was added to the 20 sperns. The sperm sol ution
obt ai ned was allowed to stand for 60 mnutes in a carbon dioxide incubator
at 37C. Spé&) fsvirrmFentidizationum up were collected, and confirned for their
mobi lity and nunber. Sperns for in vitro fertilization were thus obtained.
25 (5) Met hod of Onertoifivezenta eachienve®peyl byrcumulns opphaerus iceHs ivene plasedo fi ve
ova each envel oped by cunul us oophorus cells were placed in a drop of a 50
| BSA/ BWV i draplofia 50 1ti BSAABWOW| covereal withsnineralioglhon a glastieglisint | y, t he
sperm suspensi on was transferred to the drop to obtain a sperm5 density of
5.0 x 105 Sobdequentlypthespermsuspensiain was tronsfeirad ta the dhopgowbtain i sperml

oi |, insem nation was then carried out. The fertilized ova were then

i ncutfat ed densitycef HOx 0 oo 16 xi HYwpartms/mlt AfgsrCovesingtlze dsyp Withaniesd s N2.
Five hours after insem nation, the BWV sol ution was exchanged with TALP
sol ution, atldinsaminatiarewas thes eaveiedont 10 exanined for fertilization. As a
result, fertilized ova were obtained at a fertilization rate of as high as

about 45% The dhg fegilizedraya wereHheminfcabatediin accarbmy dioxide incubatboat about 20
hours, transferred to CVRL-1066 sol ution and ) L
37°C, 5% CO,, 5% O, and 90% N,. Five hours after insemination, the BWW
solution was exchanged with TALP solution, and thereafter, the ova were
10 examined for fertilization. As a result, fertilized ova were obtained at a
fertilization rate of as high as about 45%. The ova confirmed to have fertilized

were cultured for about 20 hours, transferred to CMRL-1066 solution and

continued to be cultured.

15 2) Intracytoplasmic Sperm Injection
(i) Preparation of Ova
The collected oocytes were gathered in a 50 ul spot of a solution of
TALP containing 0.3% BSA (BSA/TALP) covered with mineral oil
(manufactured by Sigma Ltd.), and then pre-cultured for about 2 to 4 hours at
20 37°C in the presence of 5% CO,, 5% O, and 90% N,.

To confirm the state of maturation of the ovum, the oocyte culture was
exposed to a TALP-HEPES solution containing 0.1% hyarulonidase
(manufactured by Sigma Ltd.) for 1 minute, and thereafter cumulus oorphorus
cells were removed by pipetting. The recovered ova were classified under an

25 inverted microscope into classes 1 through 4 as follows:



conjinued to be cultured. 15 2) Intracytoplasmc SpermlInjection (i)
Preparation of Ova The coll ected oocytes were gathered in a 50 | spot of a
,Solution of TALP containing 0.3% BSA (BSA TALP) covered with mneral oil
(manuf actured by Signa Ltd.), and then 3te-cultured for about 2 to 4 hours
at 20 37C in the presence of 5% CO2, 5% 02 and 90% N2. To confirmthe state
of maturation of the ovum the oocyte culture was exposed to a TALP- HEPES
sol ution containing 0.1% hyarul oni dase (manufactured by Signa Ltd.) for 1
m nute, and thereafter cunulus oorphorus cells were renoved by pipetting.
The recovered ova were classified under an 25 inverted m croscope into

cl asses 1 ClasstlgMatuse ovum with pobr bodadPB): Mature ovum with pol ar body
(PB) dass-2: Ovum being on maturation in which no PB and germi nal vesicle
(QV) are 6laserdiddvien beingom maturationie whickhmp PBwand gexmviniak vesicker (V)
Class-4: Ovum wi th consi derabl e def orned shape, or ovum show ng

denaturati on or rag pbsgreedi ve changes in the cytoplasm The ovum cl assifi ed
in class-1 was subjected to intracytoplasmc sperm 10 injection

i medi at el ¢lagstdsdminatyzse @wmimrvducéﬁwm@bw lassified in class-1 or
class-3 were further gathered in a 50 | spot of a BSA/ TALP sol ution, which
was cover 6psai4: O vimeyish considerahle dqf@nn@gshapeeqr avurgsbowing CO2, 5% 02 and
90% N2. Twenty-four hours after cultivation, the state of nmaturation of
the ovum was cofEnRatysationeretregrassivevaangessinghpcytapdapm.o i ntracyt opl asnic
sperminjection

The ovum classified in class-1 was subjected to intracytoplasmic sperm
10 injection immediately after class confirmation. The ova classified in class-1 or
class-3 were further gathered in a 50 pl spot of a BSA/TALP solution, which was
covered with mineral oil, and then cultured at 37°C, 5% CO,, 5% O, and 90% N,.
Twenty-four hours after cultivation, the state of maturation of the ovum was
confirmed. The mature ovum was subjected to intracytoplasmic sperm injection
15 at that time. The remaining immature ova and the ova each classified in class-4

were not subjected to fertilization.

(ii) Preparation of Sperm
Sperms were prepared in the same manner as in vitro fertilization.
20
(iii) Intracytoplasmic Sperm Injection
Intracytoplasmic sperm injection was carried out under an Olympus IX
70 inverted microscope which was equipped with a micro-manipulator

manufactured by Narishige Co., Ltd.



15 at that tine. The remaining i mature ova and the ova each classified in

class-4 were not subjected to fertilization.
,Spernms were prepared in the same manner as in vitro fertilization.

Intracytoplasm c SpermlInjection Intrac3& oplasnmc sperminjection was
carried out under an Aynpus I X 70 inverted m croscope which was equi pped
with a mcro-mani pulator manufactured by Narishige Co., Ltd. 38 Spot
| of dilution of sperns, Sgot 2: 3 spots of a 51 10% polyvinyl

pyrrol i done PBSSpat tuteuhe
manuf act ured by nacal aites
TALP- HEPESpoyvinylpyirradidopel

and Spot 3: 3 spots of a 5 | solution

sequentially placed in a 150 nmdish. Thereafter, their surfaces were
covered wi BA0,80Acmanufdctured byvwsicdlaitesqnedcandySpwti . sppts of AS4H sahiiased as

the working field for intracytoplasm._c zgerminjecti_on. In the present

Exanpl e, nof TALRHERES fersoypthmanipulating

Bal; gongptr a3 M/ e,

e],
ngBSIo onltyrei mediugb R avgragemeleeylan waghy cs wer e

(ii1) Preparation of Sperm
20 (iit1)

1:

of

and

15

dilwtiorrobspeamsy Spet Zicd spais af availgfi%ca. 360, 000,

no heating stage was_used. 10 As the injection needle, there was used a 30
degr e i ncweneSequeatiaBy phacedrin gald( mm disht dhereattes, thesurfaggevweron (7-8 m
in outer diameter and 5-7 min inside diameter, manufactured by Medicon

| nt er nat i oseygred Pith minenaboilde aveighisem being driggh Ahsahish wasrusadas #le hi gh
wor ki ng perforpmance. As the ovum supporting needle, there was used the sane
30 degree ¥®rking figld foninsracytaplasmigrsperm injestign.oln therareseny Exgmme.dtd i on or
a needl e about

10

15

20

attention was paid to a change in operating temperature, and no heating stage
was used.

As the injection needle, there was used a 30 degree inclined needle for
human intracytoplasmic sperm injection (7-8 pm in outer diameter and 5-7 pm in
inside diameter, manufactured by Medicon International). The needle was
connected to an ALCATEL syringe of high working performance.

As the ovum supporting needle, there was used the same 30 degree
inclined needle for human intracytoplasmic sperm injection or a needle about
100 um in outer diameter and about 15 pum in tip inside diameter prepared with a
magnetic plur (trade name: PN-30, manufactured by Narishige Co., Ltd.). This
needle was connected to a Narishige injector equipped with a 2000 pl airtight
syringe.

In Spot 1, a sperm having mobility was selected and aspirated on the basis
of the Human Intracytoplasmic Sperm Injection Standard. The resulting sperm
was then transferred to Spot 2 and discharged. In Spot 2, the mobility of sperm
was lowered due to the viscosity of PVP. The tail of the sperm was rubbed with

the injection needle to partially destroy the membrane, thus stopping sperm



100, min outer dianmeter and about 15 min tip inside dianmeter prepared with
a magnetic plur (trade nane: PN 30, manufactured by Narishige Co., Ltd.).
.This needle was connected to a Narishige injector equi pped with a 2000
airtight syringe. 20 In Spot 1, a sper3@having nobility was sel ected and
aspirated on the basis of the Human Intracytoplasm c Sperm | njection
Standard. The resulting sperm was then transferred to Spot 2 and

di scharged. In Spot 2, the nobility of sperm was |owered due to the

vi scosi ty ofovewrnt.TH&etsperm avastaspiraisdrtagether withsbe highly visceys isalusion on
needle to partially destroy the nenbrane, thus stopping sperm 39 novenent.
The sper m ang tragpfereeddd Spogdt her with the highly viscous solution and
transferred to Spot 3. A mature_ovum was placed in Spot 3 and i mobilized
at a 6-0' cl ock &y magreOVMHWAS pmedilaﬁpaégra@dtlmnwumé abp bra’clgkmed! e
whil e paying attention to 5 avoid the destruction of the chronpbsone under
the pol ar Bédyclogkipesition esing the onamaisuppatingarpgdie while pagingastentipadopl aced
inthe tip of the injection needle and injected into the ovum After

conf i% mi ngavieiddhe desiguctipn efithe eiirompsome wadeipthe ppdarckodyt e thsanigetionwas
aspirated. After confirmng the rupture of the nenbrane, the contents
(sper m andneedlm Spbsequestly, the speemiwascplaceshindedipofithe injestipnneedlednda
series of these procedures for injection of spernms and ovum cytoplasm were
repeat ed. mjected interthe oyum. aftes gopfiniag negdlepassage hpouginthe zosiger m
injection in_a single mani pul ation. Wien the inside of the tip is

cont ani nat eallwﬂa,rgls B2 Wesaspirated cAftep conrfinpingdhe wntHreapbthe2. The ova

resulting fromintracytopl asm c sperminjected re returned to 15 the
| noubat or . MERDTaNR: (e LOREARSEC IR @RISIA §ﬂ0§135\3§¢9 thpamectiopppeade and

10 were injected. A series of these procedures for injection of sperms and ovum
cytoplasm were repeated. Two or three ova are subjected to intracytoplasmic
sperm injection in a single manipulation. When the inside of the tip is
contaminated with sperms or oosome, the tip is washed with spot 2.

The ova resulting from intracytoplasmic sperm injected were returned to

15 the incubator. The cultivation was then started at 37°C, 5% O,, 5% CO, and
90% N,. Immediately after intracytoplasmic sperm injection, a 50 pl spot of a
CMRL-1066 solution was made on a 60 mm non-coated culture dish and covered
with paraffin oil. As a general rule, equilibration between the spot and the gas
phase was carried out for at least 3 hours. Twenty-four hours after

20 intracytoplasmic sperm injection, the ovum was transferred from the TALP
solution to the above-mentioned spot of CMRL-1066 solution and cultured for 8
days in a carbon dioxide incubator at 37°C, 5% O,, 5% CO; and 90% N, under
closed conditions. As a result, fertilized ova were obtained at a fertilization rate

of as high as about 75 to 85%.



90% N2. Inmedi ately after intracytoplasmc sperminjection, a 50 | spot of
a CMRL-1066 solution was made on a 60 mm non-coated culture dish and
,covered with paraffin oil. As a general rule, equilibration between the
spot and the gas phase was carried outgdor at |east 3 hours. Twenty-four
hours after 20 intracytoplasm c sperminjection, the ovumwas transferred
fromthe TALP solution to the above-nenti oned spot of CVRL-1066 sol ution
and cultured for 8 days in a carbon dioxide incubator at 37C, 5% 02, 5%
CO2 and 90% N2 wWsddescribedabave; tneladtivation ofspermewas carriedrautiproedodwva wer e
obtained at a fertilization rate of as high as about 75 to 85% 40 As
descri bed aley€ertilibatiore and arftramytoplasspierspermasjection irethoakey.pin the ¢ases n
vitro fertilization and intracytoplasm c sperminjection in nonkey. In the
cases of obuseusamndhumam, intactespermfer ordinaryadndimafyrtilizationandf ertil i zati on
and intracytoplasm c sperminjection are used. However, in the Exanple, a
sper m 5 hawtraryhoglhemid sperml infegtion arebsai. ndowbyers ar thei Fprople, aspennat i on
with caffeine and dbC AMP, and then enploying Swi mup nethod, in order to
achi éve a haygingrhigher fiertilityavasoobtaimed.byl carnyng botiactiviatian witlybaffeineianidzat i on
can be achieved by enploying this additional procedure in in vitro
fertilizat idb&-AMP} dnel then emplopging Swien-wpenctiod; inrardat tocathieveaa higlier
fertilization rate in intracytoplasm c sperm 10 injection even with
sper mat oz odertitizatiomivdte. fowas founid thet hightfeftilizationicanibe acbiexeddyk of
mobi lity. It was found that this nethod was very effective in a case where
sper m of pempléyingithiszsiditional precedase ingerviga dpitilization.6 Funbeimaref the
cultivation 15 Inin vitro fertilization and intracytoplasm c sperm
i nj ection, same traastment teankchin alhigh fertilizationreteindntrgcytepliasmic sparmge wi t h
m neral oil, which

10 injection even with spermatozoa unsuitable for in vitro fertilization due to a lack

of mobility. It was found that this method was very effective in a case where

sperm of poor fertilization rate has been supplied.

(6) Method for cultivation

15 In in vitro fertilization and intracytoplasmic sperm injection, the
micro-hanging drop culture method by medium coverage with mineral oil, which
is usually not employed in humans but widely employed in laboratory animals
such as a mouse and a rabbit, was used to avoid rapid changes in temperature and
carbon dioxide gas concentration during cultivation after confirmation of

20 fertilization. In addition, to avoid unwanted stress due to changes in temperature
or pH associated with examination of the course of cultivation, cultivation was
carried out under closed conditions until the time when appearance of blastocysts

was expected without opening or closing of the incubator door for 7 days after

cultivation initiation for in vitro fertilization and 8 days after cultivation

25 initiation for intracytoplasmic sperm injection.



is usually not enployed in humans but w dely enpl oyed in | aboratory animals
such as a nouse and a rabbit, was used to avoid rapi d changes in
tenperature and carbon di oxide gas concentration during cultivation after
"confirmation of 20 fertilization. In addition, to avoid unwanted stress due
to changes in tenperature or pH associated with exam nation of the course
of cultivation, cultivation was carried out under closed conditions until
the ti me when appearance of blastocysts was expected w thout opening or

cl osing of the ilhewvdoe medormf cultivatiery tenapperature,canidt Guitivation gas pliasei on f or
invitro fertilization and 8 days after cultivation 25 initiation for

i nt racyt opusethheresapeasfolbpws:t i on. 41 The cul ture nedium cultivation
tenperature, and cultivation gas phase used here are as follows: Culture
Medi um TALP & CVRL- 1066 5 When BWN which is commonly used in the case of

a nouse, PI (rmanufactured by Nakanedical, Inc.) or Blast nmedium
( manuf act u@umms'gmﬁ[iﬂa?;& CMRL-1066hi ch are commonly used in human, or
newl y devel oped HFF (human follicular fluid, manufactured by Fuso
Phar rfaceut Wla¢n BWWstwhieh is commaonlyesed opthernase pf agmasecBl nenufactured t he
fertilization and segnentation stages but stops at the 10 norula stage. It
was found bpd¥akamedicalglna) er Bmsbmedium fmehufastired biytNakamedidiluna)yd
CMRL- 1066 cul ture nedium the bl astocyst as found to be devel oped, and
that the dshi¢lpreeenramonty nsediashumamdrmewly davieloped EHE (humaghfolliewlan of 40
to 46%in fertilized enbryos. It is considered that the adverse effect on
ova was r efluiddanayufaplaredby Fusq Rhrrmegeutical Indusiriesebitdh ), developasnbuf f er 15
solution, rather than PBS, a phos.i).hat'e buffer solution, in the procedures
out si de t progragsgbameothly to the fertilization and segmentation stages but stops at the
10 morula stage. It was found that by using in a combination of TALP culture
medium and CMRL-1066 culture medium, the blastocyst as found to be
developed, and that the developmental ratio was found to be an extremely high
ratio of 40 to 46% in fertilized embryos. It is considered that the adverse effect
on ova was reduced by the use of TALP, which is derived from HEPES buffer
15 solution, rather than PBS, a phosphate buffer solution, in the procedures outside

the incubator.

Culture Temperature: 38°C

Embryo culture is usually carried out at 37°C in a mouse and human. In a

20 monkey, however, development at this temperature was slow with no
development to the morula stage and thereafter. Therefore, cultivation in the
present Example was carried out at a slightly higher temperature of 38°C, as
compared to the case of bovines and other animals whose embryos are cultured

at 38.5°C. As a result, blastocysts were obtained at 7 days after cultivation for in



Cul ture Tenperature: 38C Enbryo culture is usually carried out at 37Cin a
nouse and human. In a 20 nonkey, however, devel opnent at this tenperature
was slow with no developnment to the norula stage and thereafter.
Therefore, cultivation in the present £anple was carried out at a
slightly higher tenperature of 38C, as conpared to the case of bovines and
ot her ani mal s whose enbryos are cultured at 38.5C. As a result,

bl ast ocysts were obtained at 7 days after cultivation for in 42 vitro
fertilizat visro fartlligation/andiBidays efiet cultivatoon farriniracytaphsmipd sgarinc sper m
injection. Culture Atnosphere: 5% CO2, 5% 2 and 90% N2 5 Al t hough

devel opreninjectipped at the norul a stage under the conmonly used conditions
of 5% CO2 and 95%air, a high ratio of developnment into the blastocysts
was observed by culturing fertilized ova at 5% CO2, 5% 2 and 90% N2 10
Exanmpl e 2: Method for Establishi n&é%ﬂnke gES Cells (1) Preparation of

Feeder Cel Cultere Awmpsphdreydhi COb, 0%MN¥sei nafter also referred to as
PEFs) obtained froma 12.5 day-ol d nouse enbryo were cultured for prinmary
generdat i onAdthoughdgvelopsient stopped atthenaMule dlagmunder tierdongmooby dsedal bovi ne
15 serum (FBS) until the cells becane confluent. Subsequently, the PER were
cul tured feenditipps of AGuECEqiandS ein, abdghuratiooef davelopmerttintpthen C (MVO) at
a final concentration of 10 g/m to inactivate cell division. The nedi um
cont ai ni ngblsooyats wareebseevas\exiculttring fartilizedeoen ala¥hddOs,H% &1 and80%i t h
PBS. The vvfaqshed cells were trypsinized (0.05%trypsin and 1 mM EDTA), and

p

10 Example 2: Method for Establishing Monkey ES Cells
(1) Preparation of Feeder Cells
Primary embryonic fibroblasts (hereinafter also referred to as PEFs)
obtained from a 12.5 day-old mouse embryo were cultured for primary
generation to third generation in an MEM medium containing 10% fetal bovine
15 serum (FBS) until the cells became confluent. Subsequently, the PEFs were
cultured for 2 to 3 hours in an MEM medium containing mitomycin C (MMC) at
a final concentration of 10 pg/ml to inactivate cell division. The medium
containing MMC was then removed. The cells were washed three times with
PBS. The washed cells were trypsinized (0.05% trypsin and 1 mM EDTA), and
20 removed from the culture dish. Thereafter, the number of the cells were counted.
The MMC-treated PEFs were plated to a gelatin-coated 24-well culture
dish at 2 x 10* cells per well.
After plating actually the resulting cells onto the dish and confirming an
appropriate number of the resulting cells, the mouse ES cells were cultured and

25 their nature was examined. As a result, since the ES cells had a good ability to



20 renmoved fromthe culture dish. Thereafter, the nunmber of the cells were

counted. The MMC-treated PER were plated to a gel atin-coated 24-wel |

culture dish at 2 x 104 cells per well. After plating actually the

resulting cells onto the dish and confi43ring an appropriate nunber of the

resulting cells, the nouse ES cells were cultured and 25 their nature was

exam ned. As a result, since the ES cells had a good ability to 43

proliferate and were maintained in an undifferentiated condition, the cells

obt ai ned wprddifetaie and ware maininag inn undifferentidted eomdition, ithe gelds t i on,

feeder cells obtained until the third generation (prinmary generation to

t hi rd genepbtaingd) wers thus shewartp dg.subaple)asdepdaraellsn Imadditinas feedet calisss from

Monkey Bl astocysts To renpve the zona pellucida, the nonkey bl astocysts

wer e transpbtainad untd the third ganergtien (pdmany perasation tethardgenemtion)erger et

al., ed., DNA Cdoning 4 Manmalian Systens - A Practical Approach -, 2nd

edition (1pgg¥rrednd the 10 |ike] containing pronase or Tyrode at a fina

concentration of 0.5% and incubated at 37C for 10 mi nutes. The bl astocysts

wi th 5 emaining zona pellucida were further treated with pronase at 37C for

5 mnutes. After confirmng the renpval of the zona pellucida, the

bl ast ocyst §)oksparatien okhmensshdassirom Mankepmiastgoysiequent |y, the

bl astocysts were transferred to a solutjon prepared by 15 20-fold diluting

rabbit anti-cynoelrgmovedhkagna pelhriesstthe seankeylastoqsts werg transdervedi um

[ see above-nenti oned DNA Cloning 4 Manmalian Systens - A Practical

Appr oach -t M2 eultpreanedivan [see fpnexample BN é&nvewt ak-rast ANATRlONINg

bl ast ocysts obtai ned were then washed three tines with PBS. The bl astocysts
4 Mammalian Systems - A Practical Approach -, 2nd edition (1995), and the

10 like] containing pronase or Tyrode at a final concentration of 0.5% and incubated
at 37°C for 10 minutes. The blastocysts with remaining zona pellucida were
further treated with pronase at 37°C for 5 minutes. After confirming the removal
of the zona pellucida, the blastocysts obtained were washed twice with PBS.

Subsequently, the blastocysts were transferred to a solution prepared by

15 20-fold diluting rabbit anti-cynomolgus monkey lymphocyte serum with M16
culture medium [see above-mentioned DNA Cloning 4 Mammalian Systems - A
Practical Approach - and the like] and incubated at 37°C for 30 minutes. The
blastocysts obtained were then washed three times with PBS. The blastocysts
were transferred to a solution prepared by 50-fold diluting the complement with

20 M16 culture medium, and incubated at 37°C for 30 minutes. The blastocysts
obtained were washed three times with PBS. If the trophectoderm of blastocysts
could not be completely removed by these procedures, the trophectoderm was
physically removed using a glass needle under a microscope. Inner cell mass
(ICM) was thus separated.

25



were transferred to a solution prepared by 50-fold diluting the conpl enent
with 20 M6 cul ture nedium and incubated at 37C for 30 m nutes. The

bl astocysts obtained were washed three times with PBS. If the

t rophect oderm of bl astocysts could not4se conpletely renoved by these
procedures, the trophectodermwas physically renoved using a glass needle
under a mcroscope. Inner cell mass (ICM was thus separated. 25 44 (3)
Cul ture of Monkey Inner Cell Mass The MEM nedi um was renoved fromthe
24-wel | cu(3)uCeltutiesdf Monkéy bimer (Jedl Massler cel | s obtained in the item (1)
were plated. Thereafter, 800 | of the culture nediumfor ES cells (Table
3) was added to The MEM mediurBubasegumved\fromitbe 2EWealbtalturedlishnirnt Whicht em ( 2)
was transferred to each of the wells at one cell per well using a

m cropi pet the feedercedliswheainad iBHE, itéo( OO erd plated. dByereafidre 860 al of dlic

I npl antati on was observed every day under a m croscope w thout exchangi ng
t he medi unculitute medivas fordi pels (ablg3payns added taugachwaell.on in order to avoid
preventing ICMinplantation. 10 On day 7 of cultivation, the ICMcells were
macersat ed. Af t eSubssgmently, theHEM wbtained irethieltent (2) WS trendferred toreacteofiel | s,

t he di sh was once washed with PBS. Three-hundred microliters of 0.25%
trypsi n/ 0. GRUVEIN At oms cabipedweh usigchmieropipettd androadtiveddeaty3 7°€ 07 €O,
Subsequently, the 24-well culture dish was incubated at 37C for 1 m nute.
Aft er conf fom7 day< eThe stateeobimplantatide was aberviedreyerioday usdd 4 of the ES
cell medium was added to each well and thoroughly pipetted using Pl PETMAN.
Al | the abmicraseope wikhost exchaaging thd medivmewith|al fseshf suppbutorad daysoft ure di sh

cultivation in order to avoid preventing ICM implantation.

10 On day 7 of cultivation, the ICM cells were macerated. After removing
the culture medium for ES cells from the wells, the dish was once washed with
PBS. Three-hundred microliters of 0.25% trypsin/0.02% EDTA was added to
each well and immediately removed. Subsequently, the 24-well culture dish was
incubated at 37°C for 1 minute. After confirming cell maceration under a

15 microscope, 500 ul of the ES cell medium was added to each well and
thoroughly pipetted using PIPETMAN.

All the above cells were transferred to the wells of a 24-well culture dish
previously plated with the feeder cells. After adding 300 ul of the ES cell
medium to obtain a total medium volume of 800 pl, the medium was thoroughly

20 mixed to avoid uneven cell plating. The ES cell medium was exchanged with a
fresh supply every two days. Since a group of cells deemed ES cells proliferate
to colonize within 7 days after cell maceration, the medium was examined every
day.

After a colony of ES cells appeared, the cells on the 24-well culture dish

25 were trypsinized and subcultured repeatedly. During this operation, the ES cell



previously plated with the feeder cells. After adding 300 | of the ES cell
mediumto obtain a total nmedium volune of 800 |, the nmedi umwas thoroughly
.20 mi xed to avoid uneven cell plating. The ES cell nedium was exchanged
with a fresh supply every two days. Si4sce a group of cells deened ES cells
proliferate to colonize within 7 days after cell nmaceration, the nmedium
was exam ned every day. After a colony of ES cells appeared, the cells on
the 24-well culture dish 25 were trypsinized and subcultured repeatedly.
Duri ng t hi medhanatdsaeplackd vEth e €lelsh 4Bpplydiveny day or epdradwo daysh As dr esh
supply every day or every two days. As a result, nore than one ES cell
line was otgsalthewré tham enenBSwel dmermakelytainedfsernoysvmolgusananktye 3:

Eval uati on of Monkey ES Cells (1) Cynonol gus Monkey ES Cells Karyotype:
type: \Weblastocgstsnot the chronosome nunber was nornal (same as the
chronmosone nunber of the origin nonkey: 2n = 42) was determined. As a 10
result, the established ES cell lines were found to retain the nornal
karyotype. Pluripotency: 1 x 106 cynonol gus nonkey ES cells were

subc it aneobxampiedcEvaldation oh Monksyi ESCetlegi on of an 8-week-ol d SCI D nouse.
Five to twel ve weeks after 15 injection, tunor formation was observed.
After fixafl)ddynomalgusiMenk¢yES Cellsa par a- f or nal dehyde sol ution, the tunor
was sectioned, subjected to hematoxylin- eosin staining (HE staining) or

i nunol ogi Earystypé:ni ng, and examni ned

Whether or not the chromosome number was normal (same as the
chromosome number of the origin monkey: 2n = 42) was determined. As a

10 result, the established ES cell lines were found to retain the normal karyotype.

Pluripotency:

1 x 10° cynomolgus monkey ES cells were subcutaneously injected to
the inguinal region of an 8-week-old SCID mouse. Five to twelve weeks after
15 injection, tumor formation was observed. After fixation in Bouin’s fluid or a
para-formaldehyde solution, the tumor was sectioned, subjected to hematoxylin-
eosin staining (HE staining) or immunological staining, and examined
histologically. In the immunostaining, an antibody against human neuron-
specific enolase (NSE), an antibody against glia fibrous acidic protein (GFAP),
20 an antibody against S-100 protein and an antibody against desmin were used
since the availability of monkey tissue-specific antibodies was limited.
As a result, the tumor formed was identified as a teratoma consisting of a
group of cells derived from ectoderm (neuron and glia), mesoderm (muscle,
cartilage, and bone) and endoderm (ciliated epithelium and intestinal epithelium).

25 In the immunohistologic examination, neuron was detected by the antibody



histologically. In the imuriostaining, an antibody against human neuron-
specific enolase (NSE), an anti body against glia fibrous acidic protein
(GFAP), 20 an antibody against S-100 protein and an antibody agai nst desnin
were used since the availability of nogkey tissue-specific antibodi es was
limted. As a result, the tunor forned was identified as a teratoma
consisting of a group of cells derived fromectoderm (neuron and glia),
mesoderm (ruscle, cartilage, and bone) and endoderm (ciliated epithelium
and i nt est hgaihstdNSEhglia being dfedted be¢he amtibadies agdingti NSEraadiGBAPon, neur on
was detected by the anti body 46 against NSE, glia being detected by the
ant i bodi es pexjpheral nedSEs bamg@etdtted bp theametitzddynegaiest Nfsl neardlage beerz by t he
anti body agai nst NSE, cartilage being detected by the antibody agai nst

S- 100 pr ot detectedriny thesamitibodpagaimstiS+ 186k protdiy, andwmuseles beig degeatedbydesmi n.
These results showed that cynonol gus nonkey ES 5 cells have the

pl uri pot enthe antibwdycagadtest destuoiri. VEbeseaksults sheswddhat cigromelgus aidnkey ES
endodermderived cells, and others, nore specifically to neurons, glia,
muscl%es, cells havegthe furipotency irdo edtogprmidarived) cellss mesadeam-derivadeeellsyy and
the like. These results of mcroscopic exam nation after HE staining are
shown i n panddderm-terivedéells, gnd etl®ers,anaretspesificallydo nenranspgliai misdesr e
shown in panels | 10to M of Figure 3. Morphol ogical Features: 1.There were
exhi bi t ed barjilags, boaas¢itintedmpathelinog, indestinab epitbelows, andthedike. and

col oni zati on. 152. The colonies were nore flat, conpared to nouse ES cells.
These nor phol ogiThese fesalts o€ sniarascepiowraminatiopuaftcrHE sthipiageire showndnB

panels A to H of Figure 3, and those after immunostaining are shown in panels I

10 to M of Figure 3.

Morphological Features:

1. There were exhibited high nucleus/cytoplasm ratio, conspicuous nucleoli,
and colonization.

15 2, The colonies were more flat, compared to mouse ES cells.

These morphological features are shown in Figure 1 and panels A and B

of Figure 2.

20 Expression of Cell Surface Markers:

To confirm the presence or absence of stage-specific embryonic antigens
(SSEA), which serve as cell surface markers, immunological staining was carried
out by using antibodies against the cell surface markers SSEA-1 (negative
control), SSEA-3, and SSEA-4. These antibodies were obtained from The

25 Developmental Studies Hybridoma Bank of the National Institute of Child



of Figure 2. 20 Expression of Cell Surface Markers: To confirmthe presence
or absence of stage-specific enbryonic antigens (SSEA), which serve as
cell surface markers, inmunological staining was carried out by using
‘anti bodi es against the cell surface markers SSEA-1 (negative control),
SSEA-3, and SSEA-4. These anti bodi es were obtained from The 25

Devel opnental Studi es Hybri doma Bank of the National Institute of Child 47
Heal t h and Hunman Devel opnent. Each cell surface marker for SSEA was

eval uat ed Hgalthanflditman Devetaprechtr dsach zeH sutfave markerefor SSHA #%s par a-

formal dehyde was reacted with primary anti body. The cell was then reacted
wi th a | abevaldated/bynthe foBowmgeptoredue) a oelhwiaa dixedenditl 9N\padai r ei
Corporation) 5 prepared by coupling peroxi dase and a secondary anti body

wi th an anformaldélydepwhyreactedfith peiitary anfiboghy.eTheicell AR then rgacted

(manuf actured by Nichirei Corporation) was added to detect the cell

sur f ace mawiihralabsledpolymer (SinggEstain BAs mantfapeired bydYichirei Easpdsdida)3 and
SSEA-4 were detected. 10 The results of detection of SSEA-4 by the

i murfost ai piapgrest by shepling peroxidase afd afseGonglary aftibed k wiithrem #hispdcd ase
Activity: The al kaline fphos[‘)lgat ase activity was determ ned using HNPP 15

( manuf act upekymgr. Adehesfter SimplastairRBABR SoBdidnasnarfactutesitbyaNéchited a resul t,
t he al kal i ne phosphatase activity was detected. These results of detection
are shownCorpgratien) ®asadded)tor detact thelcelbsmiface mREKArCABI LI TY

As a result, SSEA-1 was not detected, whereas SSEA-3 and SSEA-4 were
detected.
10 The results of detection of SSEA-4 by the immunostaining are shown in

panel D of Figure 2.

Alkaline Phosphatase Activity:
The alkaline phosphatase activity was determined using HNPP

15 (manufactured by Roche) with Fast-Red TR SaH as the substrate. As a result,
the alkaline phosphatase activity was detected. These results of detection are

shown in panel C of Figure 2.

INDUSTRIAL APPLICABILITY

20 The monkey-derived embryonic stem cell of the present invention is
useful for embryological studies, studies of diseases, clinical applications,
experimental models, and the like on primates, especially on humans and
monkeys. In addition, since the monkey-derived embryonic stem cell can be
obtained in a high yield by the method for producing the monkey-derived

25 embryonic stem cell, the method is expected to be applied in embryological



20 The nonkey-derived enbryonic stemcell of the present invention is
useful for enbryol ogical studies, studies of diseases, clinical
.applications, experinental nodels, and the like on prinmates, especially on
humans and nonkeys. I n addition, since48 he nonkey-derived enbryonic stem
cell can be obtained in a high yield by the nethod for producing the
nonkey-derived 25 enbryonic stemcell, the nethod is expected to be applied
in enbryol ogi cal 48 studies, studies of diseases, clinical applications,
exper i ment studiesgstudijesafdlisdases, Iclikicab applidatienesexpesipenitall hodels, dndwhes and
nonkeys. Furthernore, the nethod for screening a reagent for specific

di f f er ent i Hke on primates,| especially onchumanscendumohkeysd Furthermere,cheamithgd of a
reagent for specific differentiation to cell or tissue which is 5 useful

f or obt ai nforgctdeninge s ireagent férf speeifid diffeccnsiationde celeordissug ean b¢ iifibredt i at ed
tissue. 49 CLAIMS 1. A nonkey-derived enbryonic stemcell obtainable by
carryi ng oirn the scprenirg of aomgeintsforgspeaf'(cec)iﬁémiﬂing togellfostissug whichois by in
vitro fertilization or intracytoplasm c sperm injection using a nonkey
ovum3and ausafnkfor ahyaining thiealesligd diff¢mutiated eellioritkedesirad diffecentiased owi ng
the fertilized ovumobtained in the step (a) to differentiate into a

bl ast ocysttiggnein vitro culture; and 10 (c) establishing an enbryonic stem
cell line using the blastocyst obtained in the step (b). 2. The enbryonic
stemcell according to claim1l1, wherein the nonkey is



Macaca fuscata or Macaca fascicularis. 15 3. The enbryonic stem cel
according to claim1l, wherein the nonkey is Macaca fascicularis. 4. The
.enbryonic stemcell according to any one of clains 1 to 3, wherein a 20
cul ture nmedium sel ected fromthe group 4®dnsisting of TALP solution, TALP
HEPES sol uti on and BWNsolution is used in the step (a). 5. The enbryonic
stemcell according to any one of clains 1 to 4, wherein the in vitro
culture in the step (b) is mcro-hanging drop culture. 25 50 6. The
embryoni ¢ stemcell according to anygﬂngﬂdﬁ claims 1 to 5 wherein the in
vitro culture in the step (b) is perforned using CVRL-1066. 7. The
enbryonic stemcell according to any one of clains 1 to 6, wherein 5 the
tenperature for the culture in the step (b) is at 38C. 8. The enbryonic
stem cel | dccor &\ mpnkey=leyived emiiryonigi stem retl®brainalplerbyi ¢arrying oubadi ti ons
for the culture in the step (b) are under conditions at 5% C02, 5% 02 and
90% N2 10 prog&sgreompdising: produci ng a nonkey-derived enbryonic stem cell
conprising: (a) carrying out fertilization by in vitro fertilization or

i ntratyt opk&sm sagyurgouti fertélization hysinrvitra feriilication vu intsany teplasmicspesmer m
thereby giving a fertilized 15 ovum (b) allowing the fertilized ovum

obt ai ned i injeeidon ueipg(@aamnonkeylpyemrand 4 moskensperam, thereby giving a fertilized

ovum;
(b) allowing the fertilized ovum obtained in the step (a) to differentiate into a

blastocyst by in vitro culture; and

10 (c)  establishing an embryonic stem cell line using the blastocyst obtained in
the step (b).
2. The embryonic stem cell according to claim 1, wherein the monkey is

Macaca fuscata or Macaca fascicularis.

15
3. The embryonic stem cell according to claim 1, wherein the monkey is
Macaca fascicularis.
4. The embryonic stem cell according to any one of claims 1 to 3, wherein a
20 culture medium selected from the group consisting of TALP solution, TALP-

HEPES solution and BWW solution is used in the step (a).

S. The embryonic stem cell according to any one of claims 1 to 4, wherein
the in vitro culture in the step (b) is micro-hanging drop culture.

25




bl astocyst by in vitro culture; and (c) establishing an enbryonic stemcell
line using the blastocyst obtained in the step (b). 20 10. The net hod
,according to claim9, wherein the nonkey is Macaca fuscata or Macaca
fascicularis. 11. The nethod according 9 claim9, wherein the nonkey is
Macaca 25 fascicularis. 51 12. The nethod according to any one of clains 9
to 11, wherein a culture nediumselected fromthe group consisting of TALP
sol ution, TALP-HEPES solution and BWVsolution is used in the step (a). 5
13. The netéod dilmoembngniostanycahacawidingdo mayne®fklzimshkbted whereinn vitro
culture in the step (b) is a mcro-hanging drop culture. 14. The net hod
accor di ng tthe émyitaneulodredh aherstep (bpisi@rformedaismg GMRLAQ6éaper at ure for the
culture in the step (b) is at 38C. 15. The nethod according to any one of
claims 9 to 14, wherein the conditions for the culture in the step (b) are
under conditions at 5% C02i 5% 02 and 90% N2. 15 16. The net hod accordi ng
to any one hf clHiewmbryonid Stembelt ecoording toranyionemf daimsut & 6ywhereist ep (b)
is perforned using CVRL-1066. 17. An established cynonol gus nonkey-derived
cel | bavi nght anpedatureifogthe2ful ure fretiei step (b) is at 38°C.

8. The embryonic stem cell according to any one of claims 1 to 7, wherein
the conditions for the culture in the step (b) are under conditions at 5% CO,, 5%
0, and 90% N,.
10
9. A method for producing a monkey-derived embryonic stem cell,
comprising:
(a)  carrying out fertilization by in vitro fertilization or intracytoplasmic sperm
injection using a monkey ovum and a monkey sperm, thereby giving a fertilized
15 ovum;
(b)  allowing the fertilized ovum obtained in the step (a) to differentiate into a
blastocyst by in vitro culture; and
(c)  establishing an embryonic stem cell line using the blastocyst obtained in
the step (b).
20
10.  The method according to claim 9, wherein the monkey is Macaca fuscata

or Macaca fascicularis.

11.  The method according to claim 9, wherein the monkey is Macaca

25 fascicularis.



(i) being capable of indefinitely proliferating while maintaining an
undifferentiated state; (ii) having the same chronbsone nunber as that of
original Macaca fascicularis; 52 (iii) exhibiting the pluripotency when
transplanted to hypoderm s, the renal s§ppsule or the testis of 8-12
week-ol d SCI D nouse or nude nouse; (iv) being negative for SSEA-1 and
positive for SSEA-3 and SSEA-4; and (v) exhibiting an al kali ne phosphat ase
activity. 5 18. The established cynonol ogus nonkey-derived cell according
to claim17, wherein the cell exhibits the ability to differentiate into
at | east one selected from the group consisting of ectoderm nesoderm and
endoder m Ben {Ihempethadtacdotding by odenarofclaithe Irterddl whepsinlaccudturé he testi s
of 8-12 week-old SCI D nouse or nude 10 nouse. 19. The established

cynonol ogumeathuinesglatied fredh thel groap consistimg 0HTALR soltitionSFALP-HEPES:i n t he
cell exhibits the ability to differentiate into at | east one selected from
t he group coluiontandgB W Wisslution isgised in thesstep (a)carti | age, bone, 15 cili ated
epitheliumand intestinal epithelium when transplanted to hypoderm s, the
renal5 capsule or the testis of a 8-12 week-old SCI D nouse or nude nouse.

20. A nmethod for screening a reagent for specific differentiation into

ti ssue or 13el | Thetmethotexccordingio amy onaohclaima9dellR, vhieezin éhe i vimmat he
group consisting of the 20 nonkey-derived enbryonic stemcell according to
any one of cultaienm thestepg(bymsia miheo-bynging doopsultwrakey- deri ved cel | accor di ng
to any one of clainms 17 to 19 in

14.  The method according to any one of claims 9 to 13, wherein the

10 temperature for the culture in the step (b) is at 38°C.

15.  The method according to any one of claims 9 to 14, wherein the

conditions for the culture in the step (b) are under conditions at 5% CO,, 5% O,

and 90% N,.
15
16.  The method according to any one of claims 9 to 15, wherein the in vitro
culture in the step (b) is performed using CMRL-1066.
17.  An established cynomolgus monkey-derived cell having the following
20 properties:

6)) being capable of indefinitely proliferating while maintaining an
undifferentiated state;
(i)  having the same chromosome number as that of original Macaca

fascicularis;



the presence of a test substance. 21. A differentiated cell or
differentiated tissue resulting fromdifferentiation 25 froma cell
selected fromthe group consisting of the enbryonic stemcell 53 according
to any one of clains 1 to 8 and the cyngyol ogus nonkey-derived cel |
according to any one of clains 17 to 19.

(iii)  exhibiting the pluripotency when transplanted to hypodermis, the renal
capsule or the testis of 8-12 week-old SCID mouse or nude mouse;
(iv) being negative for SSEA-1 and positive for SSEA-3 and SSEA-4; and

(v)  exhibiting an alkaline phosphatase activity.

18.  The established cynomologus monkey-derived cell according to claim 17,
wherein the cell exhibits the ability to differentiate into at least one selected from
the group consisting of ectoderm, mesoderm and endoderm, when transplanted to
hypodermis, the renal capsule or the testis of 8-12 week-old SCID mouse or nude

10 mouse.

19.  The established cynomologus monkey-derived cell according to claim 17
or 18, wherein the cell exhibits the ability to differentiate into at least one
selected from the group consisting of neuron, glia, muscle, cartilage, bone,

15 ciliated epithelium and intestinal epithelium, when transplanted to hypodermis,

the renal capsule or the testis of a 8-12 week-old SCID mouse or nude mouse.

20. A method for screening a reagent for specific differentiation into tissue or

cell, characterized by maintaining a cell selected from the group consisting of the
20 monkey-derived embryonic stem cell according to any one of claims 1 to 8 and

the cynomologus monkey-derived cell according to any one of claims 17 to 19 in

the presence of a test substance.

21. A differentiated cell or differentiated tissue resulting from differentiation

25 from a cell selected from the group consisting of the embryonic stem cell



53

according to any one of claims 1 to 8 and the cynomologus monkey-derived cell

according to any one of claims 17 to 19.



