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{(54) Title: ISOLATION OF INNER CELL MASS FOR THE ESTABLISHMENT OF HUMAN EMBRYONIC STEM CELL
(

hESC) LINES

o, (57) Abstract: A method for isolating an inner cell mass corprising the steps of immobilizing a blastocyst stage embryo having
a zona pellucida, trophectoderm, and inner cell mass, crealing an aperture in the blastocyst stage embryo by laser ablation, and
removing the inner cell mass from the biastocyst stage embryo through the aperture. The apertore is through the zona pelfucida and
the trophectoderm. The laser ablation is achieved using non-contact diode Iaser. The inner cell mass removed from the blastocyst
stage embryo is used to establish human Embryonic Stem Cell lines.
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Title: | SOLATION OF I NNER CELL MASS FOR THE ESTABLI SHVENT OF HUNVAN
EMBRYONI C STEM CELL (hESC) LINES Abstract: A nethod f'ﬁﬁ’ éo?:ollf @q g an

i nner cell nmass conprising the steps of imuobilizing a SST6CY'S st age
enbryo having a zona pellucida, trophectoderm and inner cell nmass,

creating vmoezpemi ure in the bl astocyst stage enbryo bywdmasemoesRl ati on, and
renoving the inner cell nass fromthe bl astocyst stage enbryo through the
aperture. The aperture is through the zona pellucida and the
trophectoderm The |aser ablation is achi eved using non-contact diode

| aser. The inner cell nmass renoved fromthe bl astocyst stage enbryo is

used to establish human Enbryonic Stem Cell lines 17 Cctober 2005 WO
03/018783 PCTI I N02/00168 Title 1Isolation of inner cell mass for the
establ i ﬁl} nt of human enbryonic stemcell (hESC) lines. 5 Related

~Appl i cat!’on: This application clains priority to the provisional
appl I cahd oforhs iRer Q8 s f%rz%efe'siagﬁjshr%gnt of human embryonic stem cell (hESC)

lines.

5 Related Application:

This application claims priority to the provisional application Sr No 60/314,323 filed on

August 23, 2001 in USA.

Field of the Invention:
10  The present invention relates to a method of isolation of inner cell mass (ICM) derived
from blastocyst stage mammalian embryo for establishing human embryonic stem cell

(hESC}) lines, using a non-contact diode laser technique.

~ Background of the invention
15 The isolation of human stem celis offers the promise of a remarkable array of ndvel
: therapeufics. Biologic therapies derived from such cells through tissue regeneration and
repairs as well as through targeted delivery of genetic material are expected to be
effective in the treatment of a wide range of medical conditions. Efforts to analyze and
assess the safety of using human stem celis in the clinical setting are vitally important to

20  this endeavor.

Embryonic stem (ES) cells are the special kind of cells that can both duplicate
themselves (self renew} and produce differentiated functionally specialized cell types.

‘These stem cells are capable of becoming almost all of the specialized cells of the body




August 23, 2001 in USA. Field of the Invention: 10 The present invention

relates to a nethod of isolation of inner cell nass (nﬁ\% | (g from
- - sfibr AR

bl ast ocyst stage mamal i an enbryo for establishing hu c stem
cell (hESC) lines, using a non-contact diode |aser technique. Background
of the i muesstongms 15 The isol ation of human stem cel | s ftfiRémoiske prom se of
a remarkabl e array of novel therapeutics. Biologic therapies derived from
such cells through tissue regeneration and repairs as well as through
targeted delivery of genetic material are expected to be effective in the
treatment of a wide range of nedical conditions. Efforts to anal yze and
assess the safety of using human stemcells in the clinical setting are
vitally inportant to 20 this endeavor. Enbryonic stem (ES) cells are the

speci al d of cells that an bot h cate el ves (self renew) and
‘produce 28 & B‘ﬁﬁﬁt’f‘eﬂ‘eﬂaﬂ% aﬂqnﬁragp%!?‘aﬁ?’?%d’e@e fatRf??é’sé‘"ay Mese stem
cells aLe cag le of b co%g aI nost all of the s&%mal zedgﬂp%lls of the
body 17 %ik}?% ¢ OB S PATERT TS I TeBUSCE: 594,82 Eay have t he
-potenti to generate replacenent cells for a broad array of tissues and
organs such as heart, pancreas, nervous tissue, nuscle, cartilage and the

like. 5 Stemcells have the capacity to divide and proliferate indefinitely
in culture. Scientists use these two properties of stemcells to produce

Soor DO5ler! bl a8 TioWBLly 38 o B prolfER IncRflel] HRERLL! SEBALEM cel ! S,

pavi ng t PO ‘T he at nent R sdases
use these two properties of stem cells to produce seemmgly limitless supplies of most

human cell types from stem cells, paving the way for the treatment of diseases by cell
replacement. In fact, cell therapy has the potential to treat any disease that is associated
with cell dysfunction or damage including stroke, diabetes, heart attack, spinal cord
10 - injury, cancer and AIDS. The potential of manipulation of stem cells to repair or replace
diseased or damaged tissue has generated a great deal of excitement in the scientific,

medical and/ biotechnology investment communities.

ES cells from various mammalian embryos have been successfully grown in the
15  laboratory. Evans and Kaufman (1981) and Martin (1981) showed that it is possible to
derive permanent lines of embryonic cells directly from mouse blastocysts. Thomson et
al., (1995 and 1996} successfully derived permanent cell lines from rhesus and
marmoset monkeys. Pluripotent cell lines have also been derived from pre-implantation
embryos of several domestic and laboratory animal species such as bovines (Evans et
20 al, 1990) Porcine (Evans et al., 1990, Notarianni et al., 1990), Sheep and goat
(Meinecke-Tillmann and Meinecke, 1996, Notarianni et al., 1991), rabbit (Giles et al.,
1993, Graves et al., 1993) Mink (Sukoyan et al., 1992} rat (lannaccona et al., 1994) and

Hamster (Doetschman et al., 1988). Recently, Thomson et al (1998) and Reubinoff et al
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permanent |ines of enbryonic cells directly from nouse bl astocysts. Thonson
et al., (1995 and 1996) successfully derived permanent cell lines from
rhesus and rmarnoset nonkeys. Pluripotent cell lines have al so been derived

speci oo R0NAE B s BRAEAGH 8 nIFUTES oBES BEsEMr-fBLRE8Y I
1990, l\{%gﬁggg{grkﬁua%mkwj&g@" “Eg'ueep and goat (Meinecke-Till mann and

Mei necke rian 1991), rabbit (Gles et al. 1993,
Graves et al., 1993) Mnk (Sukoyan at al., 1992) rat (I annaccona et al.,
1994) and Hanster (Doetschman et al., 1988). Recently, Thonson et al

(1998) podelRuMdIdIRG fn tﬁé mh oflthe Q&h@#ﬁi&st@%@ a%a@ét&#‘iﬁc?ﬁ?re E&E{o}f 2/ 00168 3

(2000) have reported derivation of Human | 1 nes se human ES

cel Iss r@asieb|Btidg Forh fﬁ@%tﬂ“@a@f&rﬁl’iﬂaudd "mé bids@cfklid PedfRelgpund in the
| CM of the human bl astocyst an early stage of the developing 5 embryo

| ast i NGerhbirpdnid diRetdpment Pridt to infAhtatioh SHat beHtdind Wope8 BF celif@zb! ast ocyst is the
stage of enbryonic developnent prior to inplantation that contains two

types of cells viz. 1. Trophectoderm outer |ayer which gives extra
enbryoni ¢ nenbr anes.
1. Trophectoderm: outer layer which gives extra embryonic membranes,

10 2 Inner cell mass (ICM): which forms the embryo proper.

In normal embryonic development, ES cells disappear after the 7" day and begin to form
the three embryonic tissue layers. ES cells extracted from the ICM during the blastocyst
stage, however, can be cultured in the laboratory and under the 'right_ conditions
15  proliferate indefinitely. ES cells growing in this undifferentiated state retain the potential
to differentiate into cells of all three embryonic tissue layers. Ultimately, the cells of the
inner cell mass give rise to all the embryonic tissues. It is at this stage of embryogenesis,
near the end of first week of development, that ES cells can be derived from the ICM of
the blastocyst.
20
The ability to isolate ES cells from blastocysts and grow them in culture seems to
depend in large part on the integrity and condition of the blastocyst from which the cells
| are derived. In short, the blastocyst that is large and has distinct inner cell mass tend to

vield ES cells most efficiently. Several methods have been used for isolation of inner




10 2. Inner cell mass (ICM: which forns the enbryo proper. In normnal
- enbryoni ¢ devel opnment, ES cells disappear after the 7t a egin to
: formy the three enbryonic tissue |layers. ES cells ext r@cgg%b?rmgt he | CM
during the bl astocyst stage, however, can be cultured in the |aboratory
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growing in this undifferentiated stqate retain the potential to
differentiate into cells of all three enbryonic tissue layers. Utinmately,
the cells of the inner cell nmass give rise to all the enbryonic tissues.
- It is at this stage of enbryogenesis, near the end of first week of

devel opnent, that ES cells can be derived fromthe ICMof the blastocyst.
20 The ability to isolate ES cells from bl astocysts and grow themin

cul ture seens epend jn.lar art _on the i rit nd condition of

t he b|.a§?lg'&?§§ Etﬁ%&?ﬁﬁ?cﬂ‘?@hﬁé‘"@gﬁ) em gmaépaln;,g@f ﬁ'%sl s%B?ttc,""'f"I’ﬂ? bl ast ocyst
that is d s distinct inner cell nass tend to yield ES cells nost
efficien f.ggg'g\?aé;rfé]ﬁwﬁ’et hods have been used for isolation of inner 17

Cct ober 2005 WO 03/018783 PCT/ 1 N0O2/ 01168 4 cell mass (ICM for the

establ i shment of enmbryonic stemcell lines. Mdst commobn net hods are as

foll Y : [ he bl astocyst: 5 In this procedure
bl as%vcs:yst ﬁi@‘ﬁéﬁt?&g@ﬂf(@gﬁﬁg ﬁ{ét urally after plating on the feeder |ayer.

-rrrggsg]?a %i@%g&&?%@ﬁla&b@ﬁf 865 HALN KarbAlfFSicP bR AlindRealrmppe 1hner cel

_ e hatched ast ocyst ops an “out gr om This outgrowth
s 1 enDygdndiBeiiAdt ieAlidstocyiGudly keSSBS dys. FhOMRer @il naSE A8 6 Ng
enbryoni ¢ stemcell lines. However, this

the hatched blastocyst develops an outgrowth. This outgrowth is removed mechanically
and is subsequently grown for establishing embryonic stem cell lines. However, this
procedure has few disadvantages. Firstly, Trophectoderm cells proliferate very fast in
10  the given culture conditions and many a times, suppress the outgrowth of inner cell
mass. Secondly, while removing the outgrowth of the inner cell mass mechanically, there
is a chance of isolating tropheétoderm cells. Thirdly, the percentage of blastocysts

- hatching spontaneously in humans is very low.

152, Microsurgery:
Another method of isolation of inner cell mass is mechanical aspiration called
microsurgery. In this process, the blastocyst is held by the holding pipette using
micromanipulator system and positioned in such a way that the inner cells mass (ICM) is
at 9 O'Clock position. The inner cell mass (ICM}) is aspirated using a biopsy needle
20  which is beveled shape and is inserted into the blastocoel cavity. This procedure too is
- disadvantageous as the possibility to isolate the complete inner cell mass is low and
many a time cells get disintegrated. It is a very tedious procedure and may cause severe
damage to the embryo. The operation at the cellular level requires tools with micrometer

precision, thereby minimizing damage and contamination.
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sol ution or prona nzyme solution 1n order to reno zona pel |l uci da
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surface anti body about 30 mn to one hour. by exposure
of “embr ¥Qfuinea pig complement in order to lyse the trophectoderm. This complement mediated

-

lysed trophectoderm cells are removed from inner cell mass (ICM) by repeated
mechanical pipetting with a finely drawn Pasteur pipette. All the embryonic stem cell
lines reported currently in the Iitgrature have been derived by this method. However, this
10 method has several disadvantages. Firstly, the embryo is exposed for a long time to acid
tyrode or pronase causing deleterious effects on embryo, thereby reducing the viability
of embryos proper. Secondly, it is time consuming procedure as it takes about 1.5 to 2.0
‘hours. ( Narufa et al.,1996). Thirdly, the yield of inner cell mass (ICM) per blastocyst is
low. Fourthly, critical storage conditions are required for antibody and complement used
15 in the process. Lastly, it involves the risk of transmission of virus and bacteria of animal
origin to humans, as animal derived antibodies and complement are used in the process.
In this process, two animal sera are used. One is rabbit antihuman antiserum and the

other is guinea pig complement sera.

.20 The human cell lines studied to date are mainly derived by using a method of

immunosurgery, where animal based antisera and complement was used.

Other possible disadvantages of the existing cell lines are as follows:-
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process, two anlmal sera ar It I'serum and

th t her i ' [ ; t [ t udi ed
to date are MarkPy PR ALEARIGIRALCARE fo Sibotie ATRILIE0 OWB or e

ani mal  basedsgaRthied8ioth BEdLr EONdehBEdHs HMAS ; LpPOssi bl e di sadvant ages
of the exi st ieﬁg cel IOﬁ] I neg arel'rgs foﬁ *@V\gﬁﬁg&&%%%gp 2005 WO 03/018783

PCTIgN02100168 6 1 Use of feeder cells for culturing the human enbryonic
stemcell (hESC ) lines produces m xed cell population that require the

Enbryonpc stmibrgétid stefnEfis I(:_ESI:)Qj?-.t cofBAnaled by trARIpREMGH 6kl cignPonent s and
this inpairs scale up. 2. Enbryonic stemcells (E§C) get contam nated by

transcripts dntiQahhcaelise Onl 6 corAfercRPERY, I0GNUSE dsedlorfly P ERAGhal scale. It
can be used only for research

purposes.

10 Geron established a procedure where human Embryonic Stem Cell (hRESC) line was
cultured in the absence of feeder cells (XU et.al 2001). The hESC were cultured on an
extraceliular matrix in a conditioned medium and expanded in this growth environment in
an uﬁdiﬁerentiated state. The hESC contained no xenogenic components of cancerous
origin from other cells in the culture. Also, the production of hESC cells and their

15  derivatives were more suited for commercial production. In this process, there was no

| need to produce feeder cells on an ongoing basis {o support the culture, and the
passaging of cells could be done mechanically. However, the main disadvantage of this
~ procedure is that the inner cell mass (ICM) is isolated by immunosurgery method,
wherein the initial derivation of Embryonic Stem Cells is carried out using feeder layer
20 . containing xenogenic components. This raises the issue of possible contamination with

animal origin viruses and bacteria.

In order to simplify the procedure of inner cell mass isolation and to make it safe, the

scientists of the present invention have come out with a novel method of isolation of the
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the scientists of the present invention have cone out with a novel nethod
of isolation of the 17 Cctober 2005 WO 031018783 PCTI | N0O2100168 7 i nner

cell m%e‘dﬂ.&%r??c'ﬂﬂ Ugwmgtghﬁﬁgdu .ein, the use of animl based

antisera and co have been I'mnated. Use of Laser technique in

Assi 8t egyiReRi % i %ss@e&'vréﬂ?o&u ave gfé% BRY), Sstegé#?lr RAhHLURIEY €

t echnol ogi es (ART), several 'net ho een Use I mpr ovi ng

fertilipa &Héd 5o dvhgtférmeatkyna@msw bIA G ﬂa&hhgqb%neét aPH99 mg990) and
perform ng bl astonere biopsy (Tarin and Handysi de, nly used
and performing blastomere biopsy (Tarin and Handyside, 1993). Commonly used
methods are chemical (Gordon and Talansky, 1986), mechanical (Depypere st al., 1988)
and laser (Feichtinger et al., 1992) so as to produce holes in the zona pellucida (Gordon,
10 1988). Recently, an infrared 1.48 um diode laser beem focused through a microscope
objective was shown to alfow rapid, easy and non-touch microdrilling of mouse and
human zona pellucida and high degree of accuracy was maintained under conventional
culture conditions (Rink et al., 1994). The drilling effect was shown due to a highly
focatized heat-dependent disruption of the zona pellucida glycoprotein matrix (Rink et al.,
15 1996). Contrary to the detrimental effect on compacted mouse embryos induced by the
308 nm xenon-chlorine excimer laser (Neev et al., 1993), the drilling process in the

infrared region did not affect embryo survival in mice (Germond et al., 1995) or in

humans (Antinori et al., 1994).

20  Currently, lasers are being investigated as a tool to aid fertilization and in assisted
hatching. Recent reports show that use of 1.48 um diode laser for microdrilling mouse
zona pellucida is highly safe and does not affect neuro-anatomical and neurochemical

~ properties in mice and also improves fertilization (Germond et al., 1996). Obruca and

colleagues first reported the success of laser-assisted hatching in human IVF in 1994. In
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t he zon wer e 0 four-cell
‘st age, )4@% re transferred i mTEdI ately. Patients with previous
| VF fal ure rom-t separate centers were included in this study. There

“was a higher inplantation rate per enbryo in the | aser-assi sted hatching
group 5 (14.4% versus the control group (6% . Pregnancy rates per transfer

vere al mos sepraty @fldy, Er:YAG laser was used to thin the ZP of embryos derived from
patients undergoing repeated IVF. Using a laser for thinning the ZP, embryologists are

10  able o achieve accurate reduction of the ZP by 50%, which is very difficult with acidic
Tyrode's solution. Presence of Acid Tyrode's solution near the embryo may also be
detrimental. The rate of clinical pregnancies in the laser-hatched group was 42.7%, as
compared to 23.1% in the control unhatched group. Since this data looked promising,

the indication of laser-assisted hatching was extended. Women undergoing IVF for the

15 first time yielded 39.6% clinical pregnancy rate in the laser-treated group versus a 19%

rate in the control unhatched group (Parikh et al 1996).

During the last decade there has been ongoing research on the isolation of inner cell
mass (ICM), as it is useful in establishing embryonic stem cell lines which in turn have
- 20 the ability to develop into most of the specialized cells in the human body including
blood, skin, muscle and nerve cells. They also have the capacity to divide and proliferate

indefinitely in culture.




(40% versus 16.2% . In a separate study, Er:YAG|aser was used to thin the
ZP of enbryos derived from patients undergoing repeatfzfjol t\c/,g ng a |l aser
for thinning the ZP, enbryol ogists are 10. able to achi eve %cur

reduction of the ZP by 50% which is very difficult with acidic Tyrode's
sol uti onywoRpseece of Acid Tyrode's solution near the gl ?}6 y al so be
detrinental. The rate of clinical pregnancies in the |aser atched group
was 42.7% as conpared to 23.1%in the control unhatched group. Since this
data | ooked promi sing, the indication of |aser-assisted hatching was
extended. Wbnen undergoing IVF for the 15 first tinme yielded 39.6% clinical
pregnancy rate in the |aser-treated group versus a 19% rate in the control
unhat ched group (Parikh et al 1996). During the | ast decade there has been
ongoi ng_research on the isolation of inner cell mass (ICM, as it is

usef ul iThe BEeEeM invemion gvekves e ifolatian efinnes cell massdiCMinpsing 1a$er1aumwnhave 20 the
-ability to develop into nmost of the specialized cells in the 'human body

i ncl udi F&‘r“"'ﬁ‘l‘%‘ﬁ‘ﬂ"’“&‘mdﬁ’goméﬂq emhegsome, Riacedute; of immyrgsumes/o HAREReit he capacity
to divide and rollfer te indefinjtely in culture. 17 Cctober 2005 WO

03/ 0187@'@ W‘B@)l ”S%OWﬂrd@E\ﬁ%aﬂ“ﬁ%‘?ﬁ PoIerd ACAININSIRdAndi sol ati on of

i nner ¢ n abl atl on, . techni que w thout undergoi ng
t he cunﬁ‘@rpé?ﬁ?éurﬁﬁso%ﬁ'm fa%f‘}rﬁﬁﬂﬁ%‘me Faly Vieplence in  the present

i nvegtion, the use of aninmal derived antibodies or sera are elimnated and
- the %r ocedure is safe, sinple, rapid and comercially viable. The present

vt 9 oot RSB AT RS RRLL"
I sol at e%e@%dé gfefsoiatlon of inner cell mass (ICM). The inner cell mass (ICM) isolated by the
present invention is found to be intact without causing any destruction or damage to the
cells. The present invention thus provides a quick reliable and non-invasive method for
10 isolation of inner cell mass (ICM). It also completely ruptures the trophectoderm thereby
minimizing the contamination of inner cell mass (ICM), thus ensuring the purity of inner

cell mass (ICM). -

REFERENCES
15 1. Antinori 8, Versaci C, Fuhrberg P et al (1994). Seventeen live birth after the use
of erbium-yytrium afuminum garnet laser in the treatment of male factor infertility,

Hum Reprod. 9 : 1891-1896.

2. Cohen J, Elsner C, Kort H et al (1990). Impairment of the hatching process
20 ~ following IVF in the human and improvement of implantation by assisting

hatching using micromaniputation. Hum Reprod . 5: 7-13




present invention is found to be intact w thout causing any destruction or
damage to the cells. The present invention thus proviﬁgéd%b Q%@% reliabl e
and non-invasive nethod for 10 isolation of inner cell mass %] . It also
conpletely ruptures the trophectodermthereby mnimzing the contam nation
of " i nner waalsligm®sss (1 CM, thus ensuring the purity of pcaRsceeel | nmass
(ICM. REFERENCES 15 1. Antinori % Versaci C, Fuhrberg P et al (1994).
Seventeen live birth after the use of erbiumyytrium al unm num garnet | aser
in the treatnment of nmale factor infertility. Hum Rep rod. 9: 1891-1896. 2.
Cohen J, Elsner C, Kort Het al (1990). Inpairnment of the hatching process
20 following IVF in the human and i nprovenent of inplantation by assisting
hat chi ng usi ng m cronmani pul ati on. Hum Reprod. 5: 7-13 17 Cct ober 2005 WO

O IS15 PSRaBE G R s e T 0
' W [ A O cEerti 84 - : :
Boet schman’ gy AR 2t My R ERHAS ks osanaBLERUTOb i et o

bl ast ocyst ' %ﬁ_q I YRRi-¢, stem (ES) cell. Devel opnental Biology 127: 224
227. 5. EvagfgegpI arﬁ@‘%&@%&?\tw (1981). Establishnment in culture of

pluripotential 10 cells from nouse enbryo. Nature 292: 154-156. 6. Evans
M), Notarianni E, Laurie S and Moor RM (1990) Derivation and

5 4 Deoetschman T, Williams P and Maeda N (1988) Establishment of hamster
blastocyst derived embryonic stem (ES) cell. Developmental Biology 127: 224-

227,

5. Evans MJ and Kaufman MH (1981). Establishment in culture of pluripotential

10 cells from mouse embryo. Nature 292: 154-156.

6. Evans MJ, Notarianni E, Laurie S and Moor RM (1990} Derivation and
preliminary characterization of pluripotent cell lines from porcine and bovine

blastocyst. Theriogenology 33: 125-128.

15
7. Feichtinger W, Strochmer H, Fuhrberg P et al (1992). Photoablation of oocyte
zona pellucida by erbium-yag laser for in-vitro fertilization in severe male
infertility.Lancet. 339, 811.
20 8. Gordon JW (1988). Use of micromanipulation for increasing the efficiency of

mammalian fertilization in vitro. Ann. N.Y. Acad.Sci. 541 : 601-613.

9. Gordon JW and Talansky BE (1986). Assisted fertilization by zona drilling : a

mouse model for correction of oligospermia. J. Exp Zool. 239: 347-354.




prelimnary characterization of pluripotent cell |ines from por Ci ne and
bovi ne bl astocyst. Theriogenology 33: 125-128. 15 7. {3 '%5

Strohnmer H, Fuhrberg P et al (1992). Photoabl ati on of oocy

pel lucida by erbiumyag |laser for in-vitro fertilization in severe mal e
infertil mooesohemret. 339, 811. 20 8. Gordon JW (1988) .pcdagoxbies

m cromani pul ation for increasing the efficiency of mammalian fertilization
invitro. Ann. N Y. Acad _Sci. 541 : 601-613. 9. Gordon JWand Tal ansky BE
(1986). Assisted fertilization by zona drilling : a nouse nodel for
correction of oligosperma. J. Exp Zoo]. 239: 347-354. 17 Cctober 2005 WO
03/018783 PCT11NO2100168 11 10. Gernond M Nocera D, Senn A. Rink K et al
(1995). Mcrodissection of nouse and hunman zona pellucida using 1.48

m crons di ode | aser beam efficacy and safety of the procedure. Fertil
Steril. 64: 604-611. 5 11. Gernond M Nocera D, Senn A, Rink A et al

(1996) . nmpre I n tes aft non-touch zona
pel | uci dg m c%/r%gp?ﬁlt“ﬁgé%% r?g%ﬂgg g'"'c‘%@'ﬁﬁi\o@crf%ﬁ?cﬂ?rb? di°®Pode | aser
beam Hum Rep qﬂ. e and Foot RH
(1993). Pluripo r?i‘;z 08%%6"' Eu%ﬁ%ﬁgaﬁwé%dsnﬁ%dr]ﬁg%%%% sgfﬁ‘gﬁylagé(det ected by

i sozynme anal fqu.dp g €tus follow ng injection into

bl ast ocyst s s\éfétforu rey%bfgegﬁlﬁggr@ﬂe%r O%H:JC{I on and Devel opnent 36: 130-138.

5
11.  Germond M, Nocera D, Senn A, Rink A et al (1996). Improved fertilization and

implantation rates after non-touch zona pellucida microdrilling of mouse oocytes

with a 1.48 micron diode laser beam. Hum Reprod. 11: 1043-1048

10 12, Giles JR, Yang X, Mark X and Foot RH (1993). Pluripotency of cultured rabbit
inner cell mass cells detected by isozyme analysis and eye pigmentation of fetus
following injection into blastocysts or morula. Molecular Reproduction and

Development 36: 130-138.

15 13.  Graves KH and Moreadith RW (1993). Derivation and characterization of putative
pluripotential embryonic stem cefls from pre-implantation rabbit embryo.

Molecular reproduction and Development 36: 424-433.

14.  lannaccone PM, Taborn GU, Garton RL et al (1994). Pluripotent embryonic stem
20 cells from the rat are capable of producing chimeras. Developmental Biclogy

163:288-292.




15 13. Graves KH and Mdreadith RW (1993). Derivation and characterization
of putative pluripotential enbryonic stemcells fromﬁr: 5t5ﬁ%ﬁj}§a“ on
rabbit embryo. Mbdlecul ar reproduction and Devel opnent 36! =433, 14.
| annaccone PM Taborn GUJ, Garton RL et al (1994). Pluripotent enbryonic

stem 20waedslgs®FIOMmthe rat are capabl e of produci ng. pehiR®RREs
Devel opnmental Bi ol ogy 163:288-2924217 COctober 2005 WO 03/018783

PCT/ 1 NO2/ 00168 12 15. Martin GR (1981) Isolation of pluripotent cell |ines
fromearly nmouse enbryos cultured in nediumconditioned with
teratocarci noma stemcells. Proceeding of National Acadeny of Sciences USA
72: 1441-1445. 16. Meinecke-Tillmann S and Mei necke B (1996). Isolation of
ES like cell lines from ovine and caprine pre-implantation enbryo. J
Narula A, Taneja, Totey SM

Ani nal eedj ng. a etics 113: . 413-426, 17.

(1996) %Tph&'ﬁg@i@gﬂ@g} lsolaion Prrelww@&nbaémear{@m 9lYi HEHSe eYOSrmss of i n
vitro fertilized and parthe enetjcally devel oped buffal o _enbryo: the
o et of -1 cpfirecf el oo Brecatsngma e ol By 20 aBhy o cs A
Lucciardi F gt,.al, (1993). eni of. t se zona pellucida by | aser
without a m@?‘EHQ‘M@?Q%Irsg%%?ﬁ%?%dg‘%@‘%gsg- 944. 15 19. Cbruca A,
Strohnmer H, Sakkas D (1994). Use of laser in assisted fertilization and
hat chi ng. Hum Reprod. 9:1723-1726. 20. Parikh FR, Kamat SA, Nadkarni S et

at (3’599%.' 'Aﬁéfnéékﬁﬁ' ilﬂ%‘lﬁ ré' eh) I\hé?ne?:l?e 'Brh yéﬁt).rlgolation of ES like cell lines from

ovine and caprine pre-implantation embryo. J Animal Breeding and Genetics

113: 413-426.

17.  Narula A, Taneja, Totey SM (1996) Morphological cells to trophectoderm and
10 inner cell mass of in vitro fertilized and parthenogenetically developed buffalo

embryo: the effect of IGF-I. Mol. Reprod. Dev. 44(3):343-51.

18.  Neev J, Gonzales A, Lucciardi F et al (1993). Opening of the mouse zona
pellucida by laser without a micromanipulator. Hum Reprod . 8 : 939-944.

15

19.  Obruca A, Strohmer H, Sakkas D (1994). Use of laser in assisted fertilization
and hatching. Hum Reprod. 9:1723-1726.
20.  Parikh FR, Kamat SA, Nadkarni S et al (1996). Assisted hatching in an in vitro
20 fertilization program. J Reprod Fertit Suppl 50: 121-125.

21.  Reubinoff BE, Per MF, Fong CY, Trounson A and Bongso A (2000) Embryonic
stem cell lines from human blastocysts; Somatic differentiation in vivo. Nat

Biotechno!. 18: 299-304.




20 fertilization program J Reprod Fertil Suppl 50: 121-125. 21. Reubi noff
BE, Per MF, Fong CY, Trounson A and Bongso A (2000) Enpf%&%g zq@té,’em cel l

| ines from hunman bl astocysts:. Somatic differentiation I'n"vivo

Bi ot echnol . 18: 299-304. 17 Cctober 2005 WD 03/018783 13 PCT/ 1 N02/ 00168 22.
Rink K Baemesaz G Sal athe RP et of (1994). Proceegichgsozbblss. 2134A, 412
422. 23. Rink K, Delacretaz G Salashe RP et a] (1996). Non-contact
mcrodrilling of nouse zona pellucida with an objective delivered 1.48

m crons diode |laser. Lasers Surg Med. 18:52-62. 24. Sukoyan MA, Golublitsa
AN, Zhel ezova A] et al (1992) Isolation and cultivation of 10 bl astocyst

. derived stemcell lines fromAnerican M nk. Ml ecul ar Reproduction and

Devel opnent 33: 418-431. 25. Tarin JJ and Handyside AH (1993). Enbryo
bi opsy strategies for preinplantation diagnosis. Fertil Steril 59:943-952.
15 26. Thonmson JA, Iltskovitz-Eldor J, Shapiro SS. et al. (1998). Enbryonic

Thomson 23, R K RRBHER SooAaED e 1o SatseethptRP R 2k 4B ine "

derived 20 L%pn1connnn mar noset bl ast ocyst. Bi ol ogy of Reproductlon. 55:
254- 259 17 Ober 2005

5 23. Rink K, Delacretaz G, Salathe RP et al (1996). Non-contact micredrilling of
mouse zona pellucida with an objective delivered 1.48 microns diode laser.

Lasers Surg Med. 18:52-62.

24.  Sukoyan MA, Golublitsa AN, Zhelezova Al et al (1992) Isolation and cultivation of
10 blastocyst derived stem cell lines from American Mink. Molecular Reproduction

and Development 33: 418-431.

25.  Tarin JJ and Handyside AH (1993). Embryo biopsy strategies for preimplantation
diagnosis. Fertil Steril 59:943-952.
15
26. Thomson JA, liskovitz-Eldor J, Shapiro SS. et al. (1998). Embryonic stem cell

lines derived from human blastocyst. Science 282 : 1145-1147.

27. Thomson JA, Kalishman J, Golos TG et al (1996). Pluripotent cell line derived

20 from common marmoset blastocyst. Biology of Reproduction. 55: 254-259




WO 03/018783 PCTI 1 N02100168 14 Objects of the Invention 1. It is an object
of the present invention, to devel op a process of iscﬂfyg) béﬁzdo ner cell
mass, using |laser ablation technique, w thout undergoing e cunber sone
procedure of immunosurgery. 2. It is another object of the present

i nventi orwdos/iisgsate | CM using | aser ablation techni gyamwbddaggt usi ng any
ani mal generated anti bodi es and serna, thereby preventing the possibility
of transm ssion of animal organismto human and thus 10 can safely be used
on commercial scale. 3. It is another object of the present invention to
-isolate inner cell mass (ICM from bl astocyst stage of a manmalian enbryo
using a non-contact diode laser. 15 4. It is another object of the present
invention to isolate inner cell mass (1CM by sinple, shorter and easily

feasi bl e, way wthout affecting/destroying the inner cell nmass (I CM . 5.
el R vent

is st 8BPRct of the present invention to ensure the purity of
inner cell 20 mass (ICM by rupturing conpletely trophectodermthereby
mnimsing the contam nation of inner cell mass (ICM. 17 COctober 2005 WO

Taventi dn t o] SR PERE Bhston Mvonlih. B dapoB A Pkt SR ERkn S Tty “ae.
conpared to Eéﬁernéégpﬁéiné: %Isier SBaticn Qélc%ué Wt’l‘ngﬁtqﬂidg%oiha?he cumbersome

5 procedure of immunosurgery.

2. It is another object of the present invention to isolate ICM using laser ablation
technique without using any animal generated antibodies and sera, thereby
preventing the possibility of transmission of animal organism to human and thus

10 can safely be used on commercial scale.

3. It is another object of the present invention to isolate inner cell mass (ICM) from

blastocyst stage of 2 mammalian embryo using a non-contact diode laser.

15 4. It is another object of the present invention to isolate inner cell mass (ICM) by

simple, shorter and easily feasible way without affecting/destroying the inner cell

mass (ICM) .
5. It is still another object of the present invention to ensure the purity of inner cell
- 20 mass (ICM) by rupturing completely trophectoderm thereby minimising the

contamination of inner cell mass (ICM).




conventional nethods These and ot her objects of the invention will becone
nore readily apparent fromthe ensuing description Defﬁ')l S orfzohgventi on:

The present invention relates to isolation of inner cell Y‘Fﬁg% ing | aser
.abl ation of zona 10 pellucida (ZP) and trophectoderm (TE) and aspiration

of inner cewb obmgsssf or establishing enbryonic stemcell pihesneicd the
present invention, the non contact di g¢fle |aser used is highly accurate and

reliable tool for cellular mcrosurgery. The system i ncorporates the
~-latest in fiber optic technology to provide the nost conpact |aser system
~currently available. The 1.48 m di ode non-contact Saturn Laser Systemis
nmount ed/ i npl anted 15 via the epifluorescence port to inverted m croscope
fitted with mcromani pulators. A pilot laser is used to target the main
EDs i nform the user. when the |laser is

ab! ation | ser ﬁnd.la sg\%i es of 'b ‘ .
primed and®is PERIY FnGeT phiect af g preseatdygninnde SoRiinggrcabmessieMief ¢ o

d th i bil.i f i dent al | t I .. Th t di t
of ‘the I aser clio vt Yaf pudly 3 E5Paray e el ek esl st TEM) e the0 |- one

‘aspect of the [ ntion, there is provided a nethod for
establ i shing %E)@%ﬁﬁéqa!'ﬁétﬁ?r%mthe inner cell mass of a human bl astocyst,

conprising the steps of: (a) isolating a blastocyst having a zona
pel luci da, a trophectoderm and an inner cell mass; (b) creating an

t i , |. , : i | i 7 Cctob
2005 185 JRrPSSd shEt B bt AR i Yeedile RS ot 3G IR 06 Yo
aperture; ABdnd 8dschptlchuring the cells to establish a cell line.

Details of Invention:
The present invention relates to isolation of inner cell mass, using laser abiation of zona
10  pellucida (£P) and trophectoderm (TE) and aspiration of inner cell mass for establishing
embryonic stem cell fines. In the present invention, the non contact diode laser used is
highly accurate and reliable tool for cellular microsurgery. The system incorporates the
latest in fiber opfic technology to provide the most compact laser system currently
available. The 1.48 pm diode non-contact Saturn Laser System is mountedfimplanted
15 via the epifluorescence port to inverted microscope fitted with micromanipulators. A pilot
- laser is used to target the main ablation laser and a series of LEDs inform the user when
the laser is primed and is ready to fire. A two-second-operation window is used to
reduce the possibility of accidentally firing the laser. The spot diameter of the laser can
be varied according to the hole size required.
20
| In one aspect of the present invention, there is provided a method for establishing
a cell line from the inner cell mass of a human blastocyst, comprising the steps of:
| (a) isolating a blastocyst having a zona pellucida, a trophectoderm, and an inner

cell mass; (b) creating an aperture in the blastocyst by laser ablation; and (c) isolating




I n anot her aspect of the present invention, there is provided a nethod for
establ i shing a human enbryonic stem cel | I|ne conpr|5|ﬂgogtge§ﬁfgs of (a)
isolating cells of an inner cell mass from a bl ast ocyst age enbry

- creating an aperture in the bl astbedst stage embryo by Iaser ablatlon and
removing cells of the inner cell mass fromthe bl astocyst stage enbryo
~through the aperture; (b) culturing the cells of the inner cell mass in

t he presence of an enbryonic stemcell nediumand an inactivated feeder

layer tQefy REMCHel iIMNS cclGhdssRots 18 blaskity SERRRSh tﬁé‘%péﬁl)re GHA {4y ing the
inner cell mass derived nasses to producé an ISol ated hunman enbryonl c stem

cel I 11 nawurlng tﬁ@géugqg, c2SBRGta & ihbe present invention, there is provided a
met hod of establishing a human enbryonic stemcell line, conprising the

steps of: (a) isolating a human bl astocyst conprising an inner ceII mass;
| aser , abl ati on;

(b) cre aperture in the blastocyst h

i sol ati ﬁb aa%neg FPEF Pﬁéh? rﬂ'i%?en&é'f"fe”t'%sﬁ"eé? %/Hféo‘ﬂ ek o MRdoq ﬁ?rough t he
aperture; urin he cells to obtain an  isolat n enbryoni c
2P em correbnutc § hio BrbRoaE S cof e ISR b SRPRA fonSoR fhere i <
provi ded est abl i uman enb on| stemc l'ine

th d f
oo fal i *5?%%'5?%565&3“ b By S B EmE Ve Y SPAiRG Eh SPEr e f rom a
bl t t t t t t. st
Sy e Bk iR e i bR s T2
t he bl ast t st th b) | t th [
of e_t heal%:ﬁlﬂ g%@% a‘ﬂﬁ&%%%trs ?%%%{8%?#@8 &b u%ﬁ%BtHée I@CCE‘IHB(UH”& %I nngr ggl I >
mass . 17 t%t{ﬁ% 2005 15b der,j ved nass e% “é’é 2; cul t r| n t he ,i nner cell
glgggcalldnﬁasdaﬁlaeepresence of an embryonic stem c um and

mass deffire
an inactivated feeder layer to produce inner cell mass derived masses; and (c)
culturing the inner cell mass derived masses to produce an isolated human

embryonic stem cell line.

In another aspect of the present invention, there is provided a method of
establishing a human embryonic stem cell line, comprising the steps of: (a)
isolating a human bilastocyst comprising an inner cell mass; (b) creating an
| aperture in the blastocyst by laser ablation; (c} isclating cells from the inner cell
mass of the blastocyst through the aperture; (d) culturing the cells to obtain an

isolated human embryonic stem cell line.

In another aspect of the present invention, there is provided a method for
establishing a human embryonic stem cell line comprising the steps of: (a) isolating
cells of an inner cell mass from a blastocyst stage embryo by creating an aperture
in the blastocyst stage embryo by laser ablation, and removing cells of the inner
cell mass from the blastocyst stage embryo through the aperture; (b) culturing the

cells of the inner cell mass under feeder free conditions to produce inner cell mass




an isolated human enbryonic stemcell |ine. Couples undergoing in vitro
fertilization (1VF) treatnent voluntarily donate surpl htpﬁrar%wognbr yO0sS.
These enbryos are used for research purposes after tak 8 i"tten,
voluntary consent fromthese coupl &b In the present invention, blastocyst
stage enbryos are taken for the isolation of inner cell mass. The

‘bl astocyst is placed in a 17 October 2005 WO 03/018783 PCT/ 1N02/ 00168 16

- .35mMm petridish ina50 mcro litre droplets of Ca++/My++ free enbryo biopsy

medi um 43 d ﬁlagﬁéetclﬁ&i écgs@n%r;ﬂgg@g%né}'#u ﬁ%gacf%ﬁé@%géééuﬂoaﬁr&ﬁu S set up to

performthe enbryo’ ure. ocyst IBcedtin enbryo

bi opsy ai ning the blastocyst is placed on the
heat i nggg'?éadéﬁe‘bgﬁgmﬁﬁgﬁlﬁ?rogggé%ﬂ Ce%‘ﬁﬁeg' bl ast ocyst is positioned at the
center of the field. The blastocyst is inmobilized on to the hol ding
pipette in such a way that the inner cell mass is at 3 0' O ock position.
The zon&OoHeP W%Wﬁ'&lww toriization ¥ hrestroend velgntariyndanatesuplypgynans  posi t i oned
on the aimng spot of the |aser beam A small portion of zona pellucida
and troﬁﬁ@&@éd@g‘?ﬁei mbryae arespyesk ©oF reseBTCBp@VPCﬁPE@{ﬂ%tqk@gt*h%M@%t ly inserted
t hr ough the hole in the zona pellucida and 10_trophectoderm and the inner
cel | ma¥Qluntarygeafisept fi%’BltF%ﬁeeBOU%St dp e pregent mventionn Blagioryst &fage i nner cel |
mass, the cells ven severa{j washes with enbryonic stemcell (ESC

medi um EPREOE &g %kﬁ? iR O RLUINBSY 48 Massdbhe P'aﬁewswsmkaqsﬁm foni ¢ stem
cell medium for establishing enbryonic stemcell lines. The enbryonic stem
cells were then characterized for cell surface markers such as SSEA-1, -
SSEA- 3, SSEA-4, TRA-1-60, 15 TRA-1-81, OCT-4 and al kal i ne phosphat ase. The
enbryonic stemcell lines are also karyotyped.




a) Devel opnent of blastocyst in vitro: Institutional Ethics Conmttee
approval has been obtained before initiation of this s{1d¥%on ,%05’” or
Wwritten consent was taken fromindividual donor for the donation: of sur pl us
enbryos for this study after conpletion of infertility treatnment. Protocol
gener al | wouseas7sor infertility patients for obtaini ngpcraldz@oienbryo i s as
follows: 17 October 2005 WO 031018783 17 PCTANO2/ 00168 The ovari an
superovul ati on began wi th gnRH agoni st anal og suppression daily starting

in the md-luteal phase and adm nistered in doses of 500-900 ngs for about
9-12 days. Ovarian stinmulation was started after adequate ovarian
‘suppression with human nenopausal gonadotropins (hM3 or reconbi nant
follicle stimulating hornone (FSH) (Gonal-F, Recagon) in appropriate doses

dependi ng an.big.A0% SIRRY ftd @80 oHEE  MIDE LS HYBHIBS Redliust ed as

necessary 10 produce controlledovarian ron. et a- estradl ol

(E2) m%ﬁ&g@gﬁeﬁ V\)ﬁﬁrn%né}@réili. b gl%orﬁa?lidgfa%iig §é1-u8?1{§?>leﬁﬁrln thldlebABOUNd was

per f or ne romcycle day /7 onwar unman I"oni ¢ gonadot r opi n

2000~ 100408 rottitre HHE BlaSbEISER pMER i SHififo BbpdiAhEilrd ahd leTeuiRhe at - 10

| east 1 nin largest dianeter. Transvagl nal” aspiration was perforned

34-36 h cbﬁt&iﬁih% ltth%Eo%?s,tV}ﬁr&aJeHeth fﬂiébhé‘éiihﬁ%tédé b HeRMIcrARORS it SPer m

injection. A glass holding pipette 40-60 Timn dianeter was used to secure

the g99 biaMakyst B pefifisridl apbe@ebAstask fidl. Thél biSo&Yst BAhMYbIkEH oRYS el done (PVP)
solution and overlaid with mneral 15 oil. An’injection needle wth an

- outer dihglamg pipe®d in'sOLHDH Wity Brabthe ndNebllinRe s 2 BIMBNRK pdsition. PHe ¥as used to
pierce the zona pellucida at about 3 0' C ock position. The sel ected
pellucida and trophectoderm close to inner cell mass is positioned on the aiming spot of
the laser beam. A small portion of zona pellucida and trophectoderm is laser ablated.
Biopsy pipette is then gently inserted through the hole in the zona pellucida and
10  trophectoderm and the inner cell mass is gently aspirated. After isolation of the complete
inner cell mass, the cells are given several washes with embryonic stem cell (ESC)
medium. The cells are then plated on to feeder fayer with embryonic stem cell medium
for establishing embryonic stem cell lines. The embryonic stem cells were then

characterized for cell surface markers such as SSEA-1, SSEA-3, SSEA4, TRA-1-60,

15 TRA-1-81, OCT4 and alkaline phosphatase. The embryonic stem cell lines are also

'karyotyped.

a) Development of blastocyst in vitro:
Institutional Ethics Committee approval has been obtained before initiation of this study.
20  Prior written consent was taken from individual donor for the donation of surplus

embryos for this study after completion of infertility treatment.

Protocol genera_lly used for infertility patients for obtaining viable embryo is as follows:




spermat ozoon was i mmobilized by cutting the tail with the injection
-mcropi pefte. The holding pipette secured the oocyte tg&g@gsgozoon was
injected directly into the center of the oocyte. 20 cy?es were checked
after 16-18 hours of culture for fertilization. At this point the
fertilizewb omeyke had pro-nuclei (also called one cel lpcanigupels One-cel
enbryos were then transferred intarpre-equilibrated fresh |SM1 nedi um and
i ncubated at 37 ' Cin a 5% C02 in air. The next day enbryos were
transferred into I SM2 nedium Every 17 Cctober 2005 WO 03/018783
PCT/ 1 NO2100168 18 alternate day enbryos were transferred into fresh | SM 2
medium Fromday 5 onward enbryos were checked for the bl astocyst
devel opnent. After the treatnment is over, the surplus blastocysts were
this.re rch et.ti of the Laser:
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~ to di schpg @6sd (#8s RS HajReaEs rfécéé’ﬁfystl%%?%c&Q:oﬁl?cﬁg&‘to\/&fénvgti_ll?_ﬁ%%ﬁ("as used to

reduce the possibility of accidentally firing | aser.

Serum beta-estradiol (E2) measurements were carried out as required. Vaginal
ultrasound was performed daily from cycle day 7 onward. Human Chorionic
gonadotropin 5000-10000 1.U. was administered when three or more follicles were at
10 least 17 mm in largest diameter. Transvaginal aspiration was performed 34-36 h later.

Oocytes were then subjected to intracytoplasmic sperm injection.

A glass holding pipette 40-60 wm in diameter was used to secure the egg. Motile sperm
were placed in a drop of polyvinyl pyrolidone (PVP) solution and overlaid with mineral
15  oil. An injection needle with an outer diameter of roughly 5-6 um and inner diameter 3-4
um was used to pierce the zona pellucida at about 3 O’ Clock position. The selected
spermatozoon was immobilized by cutting the tail with the injection micropipette. The
holding pipette secured the oocyte and spermatozoon was injected directly into the
center of the oacyte.
20
Qocytes were checked after 16-18 hours of culture for fertilization. At this point the
fertilized oocyte had pro-nuclei (also called one cell embryo). One-cell embryos were
then transferred into pre-equilibrated fresh 1SM-1 medium and incubated at 37 ° C in a

5% COZ in air. The next day embryos were transferred into iSM-2 medium. Every




spot dianeter of the |l aser can be varied according to the ablation size

required. c) Laser Ablation and isolation of inner cel
bl ast ocyst stage enbryo was individually placed in a 5 g‘ﬁg(ﬁjerrozyagf bi opsy

medium 20 (Ca ++/ My + free) in a 35-mmpetri dish. The enbryo was

i mobi | | seohs@is7sd the holding pipette in such a way tpeaindzeisenner cel

~mass remained at 3 0' C ock positiasn and the =zona pellucida and
trophectodermclose to inner cell nmass positioned on the aimng spot. A

continuous 1.48 pmdi ode | aser was used to aperture the Zona Pel |l uci da

(ZP), which is a glycoprotein |ayer protecting the oocyte. At this

wavel ength, the hole was 17 COctober 2005 WO 03/018783 PCTI | NO2/ 00168 19

i nduced by a | ocal therno-dissolution of the glycoprotein matrix. Once the

zona pel di ssol ved, t | s wer | ated by giving 3

pul s blstAiE By Eﬁﬁw ysr%{ra"sﬁrff@?rﬁﬂﬁ%lf @34%“ m%%{ygr ﬁf%‘aﬁavagé’m;arl daand
t t t 1t t t - t
QE)E%E ;Eraf‘f"ﬁ%ﬁﬁ%&e ﬁ?'sﬁ%?kéfa‘h'@%%aﬁ#ﬁﬁd%‘%ﬂnﬂ%@?ﬁ- 'e%ﬁ?frtﬁ%‘ff%i\?]eg nf%‘ﬁi Pjﬁii}:j ae
(hESQ) SyrPlis g@%@aﬁ‘ﬁeﬁ?ﬁ%ﬁa‘%q’)hbﬁ’a%%’.‘dﬁ”ﬁ3%91%%?%‘2‘ bR Yo b o oughly in ES

nmedi um which nediumwas found to be preferred for isolation of enbryonic
stemcell lines. 10 Gven below is the procedure when the invention was

car rgedapsgmg%hagﬁhgq_lq%nl ayer. In this process, the inner cell mass was
In p

culture ate in the presence of nobuse inactivated enbryonic

fibrobl b i Flate SIS BING of ditfuehetfdd RS ol AYS jsion Pref erably
obt ai negﬁ%?o%&ﬁg’."% to 1%‘?5 day o'ng CS'%UG mce or CSC%BLI 6)&SSJL E-l mce or
out  breg CiipighRént Of erhbribhid 4EM RT3 thendrl dhthofdichcH s TR 1&ef geder | ayer.
highly accurate and reliable tool for cellular microsurgery. The system incorporates the
latest in fiber optic technology to provide the most compact laser system currently

10  available. The 1.48 pm diode non-contact Saturn Laser System was mounted via the

epiflucrescence port to Zeiss inverted microscope fitted with micromanipulators.

A pilot laser was used to target the main ablation laser and a series of LED's inform the
user when the laser is primed and ready to discharge the laser beam. A two-second-
15  operation window was uSed to reduce the possibility of accidentally firing the laser. The

spot diameter of the laser can be varied according to the ablation size required.

¢) Laser Ablation and isolation of inner cell mass.

The blastocyst stage embryo was individually placed in a 50 pl drop of biopsy medium
20 {Ca"'Mg * free) in a 35-mm petri dish. The embryo was immobilized on to the holding

pipeite in such a way that the inner cell mass remained at 3 0 Clock position and the

zona pellucida and trophectoderm close to inner cell mass positioned on the aiming

spot. A continuous 1.48 um diode laser was used to aperture the Zona Pellucida (ZP),

which is a glycoprotein layer proteciing the oocyte. At this wavelength, the hole was




15 Enbryonic fibroblast feeder |ayer was inactivated by gamm irradiation
(3500 rads). The nouse enbryonic fibroblast feeder | tured on
- 0.5%gelatin coated plate with ES nmedi um consi sting gﬁgﬁt\ﬁﬁ%c@(@bs nodi fi ed
. Eagle's nmedi um wi t hout Sodi um pyruvate w th high glucose contain (70-90%,
Fetal bowg®esgsm (10-30%, beta- nercaptoethanol (0.pbFNg/ddRR- €SSenti al
amno acids (1%, L- Jutamne 2 nmyy basic 20 fibroblast gromh factor (4
ng/m). Inner cell mass was then plated on nouse inactivated enbryonic
fibroblast. After 4-7 days, ICMderived masses were renoved from outgrow h
with sterile fire polished pipette and were di ssociated nechanically and
pl ated on fresh feeder cells. Further dissociation was carried out with
0.5% trypsi n- EDTA supplenmented with 1 % chicken serum 17 Cctober 2005 WO

03/ 018783 PCT/ 1 N02/ 00168 20 Established cell |ines were karyotyped and
char act BAycd by pdpcabibgrmtomisselyfionseldheglygopralein gl @rcedhg-zona pelicy 3, SSEA-4,
OCT- 4, | i ne phosphat ase -81, TRA-1-80 as described by Thonson et

( Al k .. TRA-1 / 3 .

al., (1@@%@?5%94_0#9%@0%%?“8, wero gbigied by 9pdngrhPulses terFRUSE ANPGIKRIRG exanpl es
ther eof ARt SOT: 2énpreaiiida B1d Bonttibt. Be ZuaiamAPURtIFos ver e used
for the, |sol ati foi I Enb hed | ti '
bl st 0o LSRR PGP RATERP TR REMETLE £ SETRaeR Ao vi dual
b asé OCNa%ng"é@i%nt&r“SPdiéarﬁe?ecr% 36-@5%1?0?0@39 p.1 drop of

d) Culturing of human Embryonic Stem Cells (hESC)
Prior to culturing, the aspirated ICM was washed thoroughly in ES medium, which -
medium was found to be preferred for isolation of embryonic stem cell lines.

10 Given below is the procedure when the invention was carried out using feeder layer. In
this process, the inner cell mass was cultured in 96 well plate in the presence of mouse
inactivated embryonic fibroblast feeder layer. Embryonic fibroblast feeder layer was

| preferably obtained from 12.5 to 13.5 day old C57BL/6 mice or C57BL/6XSJL F-1 mice
or out bred CD1 mice or from human amniotic fluid and used as a feeder layer.

15  Embryonic fibroblast feeder layer was inactivated by gamma irradiation (3500 rads). The
mouse embryonic fibroblast feeder layer was CL;Itured on 0.5% gelatin coated plate with

| ES medium consisting of Dulbecco’s modified Eagle’s medium without Sodium pyruvate
with high glucose contain (70-90%), Fetal bovine serum (10-30%), beta-
* mercaptoethanol (0.1mM), non-essential amino acids (1%), L- Glutamine 2 mM, basic

20 fibrobiast growth factor (4 ng/ml). inner cell mass was then plated on mouse inactivated
embryonic fibroblast. After 4-7 days, ICM derived masses were removed from outgréwth
with sterile fire polished pipette and were dissociated mechanically and plated on fresh
feeder cells. Further dissociation was carried out with 0.5% trypsin-EDTA supplemented

with 1% chicken serum.




Ca++/ Mg++ free enbryo biopsy nedi um( EB 10 nedi um Scadi navian). Mcro
drops 15 were covered with mneral oil. M cromani pul at up. A

gl ass hol ding pipette with outer dianmeter 75 gm and fﬁﬁ%&ggﬁgﬁé?er 15 pm
was used to secure the enbryo. Biopsy pipette with an outer dianeter of
roughly 4@ pm@gd i nner dianmeter 35 gmwas used for ggRiingddefs of 1 nner
cell mass. A pilot |aser was used tp target the mmin ablation |aser.
Enbryo was i mobilized on to the holding pipette in such a way that inner
cell mass 20 remained at 3 0' clock position and the zona pellucida and

- trophectodermclose to inner cell nmass positioned to the aimng spot. The
hol e was i nduced by a |local therno- dissolution of the zona. Trophectoderm
cells were ablated by giving 3 pulses to cause photolysis. After ablation
of both the zona pellucida and trophectoderm the biopsy pipette was
introduced through | aser ablated hole and inner cell mass was renoved. 17
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Techni q%'sedecgcril;ela%ﬂhgr?@&tetiap,\é(g%ﬁgb.cﬁgeéxp‘fé#ettarﬂ?(zﬂﬁlﬁ. of nouse feeder cell s No.

of Total T nner MOUSE
5
Examples
The following examples are intended to illustrate the invention but do not limit the scope
thereof.
10  Example I:

Total of 24 blastocyst stage human embryos were used for the isclation of inner cell
mass. Embryos were washed several times in blastocyst culture medium (ISM-2
‘medium, Medicult, Denmark). Individual blastocyst was fhen placed in the 50 pl drop of
Ca++/ Mg++ free embryo biopsy medium(EB 10 medium, Scadinavian). Micro drops

15 were covered with mineral oil. Micromanipulator was set up. A glass holding pipette with
outer diameter 75 pm and inner diameter 15 pm was used to secure the embryo. Biopsy
pipette with an outer diameter of roughly 49 um and inner diameter 35 pm was used for
aspiration of inner cell mass. A pilot laser was used to target the main ablation laser.
Embryo was immobilized on to the holding pipette in such a way that inner cell mass

20  remained at 3 O' clock position and the zona pellucida and trophectoderm close to inner
cell mass positioned to the aiming spot. The hole was induced by a local thermo-
dissolution of the zona. Trophectederm cells were ablated by giving 3 pulses to cause
photolysis. After ablation of both the zona pellucida and trophectoderm, the biopsy

pipette was introduced through laser ablated hole and inner cell mass was removed.




bl ast ocystcell mass used for | aserrenovedNo. of No of ES cell lines

est abl i shed abl ati onl CM used 2418144 Simlarly, an expﬁb%gérmg conduct ed
wi't h conventional nmethod of isolation of inner 10 cell mass 1."€. using

i mmunosurgery and may be reported as foll ows: Exanple 2: The objective was
to det er g\@nedki ci ency of isolation of inner cell masgpiddheiggonventi onal
method |.e. inmmunosurgery and conpafed with newy invented | aser ablated
met hod. 15 21 bl astocyst stage hunman enbryo were used for isolation of
inner cell mass. Enbryos were washed several tinmes with blastocyst culture
medi um (1 SM 2 nediun) and followed by ES nedium |Individual blastocyst
stage enbryo was then placed in 50 iil mcodrops of 1:50 anti-human

anti body (Sigma) for 30 mnutes at 37 o C and 5% C02 in 17 Cctober 2005 WO
03/018783 PCI/1 N02/ 00168 22 air. Blastocyst stage enbryos were then washed
four ti HBer el mass vag sl wegied\ieyaraltiges inEP m?P'UBl%%tPé?&?%t“ng\Méﬁ“é“shhen agai n
placed in 50 0 of m crodraops of gui_ne i conpl enent, .at the concentration
of 1: 10ntaR Pregenge ATARSENCa Of tepderpe -5‘%’%35”‘8%"%:’  praganied in g QRYAT on

bl ast ocyst stage enbryos were washed several tines in ES medi umusing 5
fine bo’8Mgyl ass pipette in order to renove trophectoderm |solated inner
cell "'mass was s

5 Table 1; Summary of hESC lines developed using Laser ablation Technique of the

present invention with the use of mouse feeder cells.

No. of Total inner With mouse feeder cells
blastocyst cell mass
used for laser | removed No. of No of ES cell lines established
ablation ICM used
24 18 14 4

Similarly, an experiment was conducted with conventional method of isclation of inner

cell mass i.e. using immunosurgery and may be reported as follows:

10
Example 2:
The objective was to determine efficiency of isolation of inner cell mass with
conventional method lLe. immunosurgery and compared with newly invented laser
ablated method.

15

21 blastocyst stage human embryo were used for isolation of inner cell mass. Embryos
were washed several times with blastocyst culture medium (ISM-2 medium) and
followed by ES medium. individual blastocyst stage embryo was then placed in 50 ul

“micodrops of 1:50 anti-human antibody (Sigma) for 30 minutes at 37 o C and 5% CO2 in




then washed with ES nedium and cultured in 96 well plate in the presence or
absence of feeder cells. Data are presented in the t to 'B%gl e 2.
Sunmary of hESC | i nes devel oped using i mmunosurgery w th ? %wut the use
of nmouse feeder cells. No. of Total Wth nouse feeder cell sWthout nouse
feeder ceyd &ogast ocystinner cell used fornmassNo. of Ngc@findRofsg! | No. of 1 CM
usedNo. of ES | aserrenovedl CM usedhp nescell |ines

abl ati onest abl i shedest abl i shed 211412320 Al t hough the isolation of inner
cell mass using both the nethods did not show any significant difference,
however, of isolation of inner cell mass by | aser ablation has distinct
advantage. This nethod will elimnate the use of antibodies and sera of
animal 15 origin. Isolation of inner cell mass by |aser ablation nethod can
be further cultured in the presence or absence of feeder |ayer. However,
cul turi @8 Blestopysk stage embpigs é”ei“h thenwashed four times @Sﬁrdqnwb@wwm ESur t her
elimnate the possibilities of contam nation of ES cell lines with aninal
vi ruses "Zﬁd'%cé) Igstocystaere dienproab Riest im PP YU (of imicrodrars 6F ownem A
transplantation 17 Cctober 2005 5 WO 03/018783 PCT/1N02100168 23 studi es.
In the &ePigmentatecorrentationsf 1:49 fos 1Qeinutessd 87 Cand HabP? SraiEAfterel | 1ine in

‘the absence of feeder cells.
: incubation biastocyst stage embryos were washed several times in ES medium using

5 fine bore glass pipette in order to remove trophectoderm. Isolated inner cell mass was
then washed with ES medium and cultured in 96 well plate in the presence or absence

of feeder cells. Data are presented in the table:

Table 2: Summary of hESC lines developed using immunosurgery with / without the use

10 | of mouse feeder cells.

No. of | Total With mouse feeder cells Without mouse feeder cells

blastocyst inner cell

used for | mass No. of No of ES cell | No. of ICM used | No. of ES

laser removed | ICMused |lines cell  lines

ablation established established
21 14 12 3 2 0

Aithough the isolation of inner cell mass using both the methods did not show any

_' significant difference, however, of isolation of inner cell mass by laser ablation has
distinct advantage. This method will eliminate the use of antibodies and sera of animal

15  origin. Isolation of inner cell mass by laser ablation method can be further cultured in the
presence or absence of feeder layer. However, culturing of inner cell mass in a feeder

free condition will further eliminate the possibilities of contamination of ES cell lines with

animal viruses or bacteria and can be commercially utilized for human transplantation




Detailed description of the preferred enbodi ments: A preferred embodi nent

of the invention is illustrated in the acconpanying p phs Fig
1(a) to 1(g) of the present invention, pertains to thgpf@gqog%%%of i nner

cell mass (ICM 10 fromthe blastocyst of one enbryo and Fig 2(a) to 2(Q)

pert ai nsywiposiggsd sol ation of inner cell mass (ICV) fr egrhlRoblsgst ocyst of
anot her enbryo. Fig 3,4,and 5 pertagns to culturing of ICMon feeder cells

at different stages. Fig 1. (a) shows a photom crograph of human

bl ast ocyst, secured with glass holding 15 pipette such that the 1CMis at 3
0" Cock position. Fig |l (b) shows a photom crograph wherein part of zona
pel l uci da and trophectoderm ablated with laser (arrow). 20 Fig 1 (c) shows
a photom crograph of aspiration pipette cl ose to the bl astocyst follow ng
zona and tro hect oder m abl ati on fqa hows a phot om cr ograph of

begi nni AYdEF- aé'ﬂﬁ FUItSnb RXRSAIMERis %ﬁqﬁﬁ%‘ﬁé% de |l%ﬁ5tatﬁ'ﬁ'b§tst°§" g i"dheober 2005 WO
03/018783 24 P ‘ﬁil I/00158 Fig 1 (e) shows a photom crograph of |arge
portion abenpe-Rhieerer i aspiration pipette during aspiration process. 5 Fig 1
(f) shows a photom crograph of the I1CM after renoving fromthe bl astocyst.
Fig 1 (g) shows a photom' crograph of t he remai ni ng trophect oderm and zona

pel l uci A bcHBL AU toR bt fhe prérbhrbd QnBbaitiints:
5
A preferred embodiment of the invention is illustrated in the accompanying

photomicrographs

Fig 1(a) to 1(g) of the present invention, pertains to the isolation of inner cell mass (ICM)
- 10 from the blastocyst of one embryo and Fig 2(a) to 2(g) pertains to the isolation of inner
'celf mass (ICM) from the blastocyst of another embryo. Fig 3.4,and 5 pertains to

culturing of ICM on feeder cells at different stages.

Fig 1. {a) shows a photomicrograph of human blastocyst, secured with glass holding

156  pipette such that the ICM is at 3 O' Clock position.

Fig 1 (b) shows a photomicrograph wherein part of zona pellucida and trophectoderm

ablated with laser (arrow).

20 Fig 1 (c) shows a photomicrograph of aspiration pipette close to the blastocyst following

zona and trophectoderm ablation.

Fig 1 (d) shows a photomicrograph of beginning of aspiration of ICM with aspiration

pipette.




10 Fig 2 (a) shows a photom crograph of another human bl astocyst, secured
with glass hol ding pipette such that the ICMis at 3 01I76jct83éﬁ' Bgition. Fig
2 (b) shows a photom crograph of slight protrusion of inhér cel'l mss after
zona and trophectodermis laser ablated. 15 Fig 2 (c) shows a

phot om c{eaBsasof the aspiration pipette being positipepitd:ReRst0 the ICM
after ablating the zona and nei ghbegyi ng trophectodermcells with laser. Fig

2 (d) shows a photom crograph of ECM being aspirated with the aspiration
pi pette by 20 gentle suction. Fig 2 (e) shows a photom crograph of |arge
portion of ICMin the aspiration pipette. Fig 2 (f) shows a :
phot om crograph of the ICMafter renoving fromthe bl astocyst. 17 Cctober
2005 WO 03/018783 PCT/ 1N02100158 25 Fig 2 (g) shows a photom crograph of
t he trophectoderm and zona pellucida |left after the isolation of 1CMfrom
the biastocyst. Fig 3 (a) shows a photoni crograph of isolated inner cell

Mass in_cu re seeded on prinmary nouse enb i.c fibrobl ast feeder cells
(o 5 FIBH I8 5hpB5 SRTGIENclOHHER G114 BT OblCH it S8R IoHPetE) | 1race |
culture,on pri nmouse enbryonic fibroblast feeder cells (day 7) 10 Fig 4

mar
shows ad‘tfwglaﬁ‘?‘ﬁ%??%gf’%eﬁﬁ' of isolated ICMin culture on the prinary nouse
enbryonic fibroblast feeder cells (day 5) another enbryo. Fig 5 shows a
phot omi crograph of enbryonic stemcell line derived frominner cell mass

5 Fig 1 (f) shows a photomicrograph of the ICM after removing from the blastocyst.

Fig 1 (g) shows a photomicrograph of the remaining trophectoderm and zona pellucida

remaining after ICM isclation.

10  Fig 2 (a) shows a photomicrograph of another human blastocyst, secured with glass

holding pipette such that the ICM is at 3 O’ Clock position.

Fig 2 {(b) shows a photomicrograph of slight protrusion of inner cell mass after zona and
trophectoderm is laser ablated.

15
Fig 2 (c) shows a photomicrograph of the aspiration pipette being position close to the

ICM after ablating the zona and neighboring trophectoderm cells with laser.

Fig 2 (d) shows a photomicrograph of ICM being aspirated with the aspiration pipette by

20 gentle suction.
Fig 2 (e) shows a photomicrograph of large portion of ICM in the aspiration pipette.

Fig 2 (f) shows a photomicrograph of the ICM after removing from the blastocyst.




15 isolated by laser ablation method. One skilled in the art will

appreci ate that the present invention is well adapted V. ut the

obj ects and obtain the ends and advantages nenti oned tﬁ@?gﬁhég%gge. The
instant invention has been shown and described herein in what is considered
to be thev@&ngrsi practical and preferred enbodi nent. ddraneegsogni zed,
that, departures nay be nade therefromw thin the scope of the invention.
It is to understood that the invention is not limted to the particulars
di scl osed and extends to all equivalents within the scope of the scope of
the clains. 17 Cctober 2005 26 W Caiml. A nethod for establishing a cel
line fromthe inner cell mass of a human bl astocyst, conprising the steps
.of: (a) isolating a blastocyst having a zona pellucida, a trophectoderm
and an inner cell mass; (b) creating an aperture in the blastocyst by |aser
ablation; (c) isolating cells fromthe inner cell mass fromthe bl astocyst

2 The FeraRuErs A deieioqiat Sihe (b Sheerf ahderd i el bl

pel | uci . |l aim 1, wherein the aperture is through the
‘'zona pe&?ﬁg?rgglgﬂ?oﬁﬁégp@%tg 3§t oderm 4. The nethod of claim1l1, wherein the

| aser ablation is achieved using a non contact diode |aser.

5  Fig 3 (a) shows a photomicrograph of isolated inner cell mass in culture seeded on

primary mouse embryonic fibroblast feeder cells (day 3).

Fig 3 (b} shows a photomicrograph of isolated inner cell mass in culture on primary
- mouse embryonic fibroblast feeder cells (day 7)
10
Fig 4 shows a photomicrograph of isolated ICM in culture on the primary mouse

embryonic fibroblast feeder cells (day 5) another embryo.

Fig 5 shows a photomicrograph of embryonic stem cell line derived from inner cell mass

156  isolated by laser ablation method.

One skilled in the art will appreciate that the present invention is well adapted to carry
out the objects and obtain the ends and advantages mentioned therein above. The
instant invention has been shown and described herein in what is considered to be the
_20 most practical and preferred embodiment. It is recognized, that, departures may be
made therefrom within the scope of the invention. It is to understood that the invention is
not limited to the particulars disclosed and extends to all equivalents within the scope of

the scope of the claims.




5. The nmethod of claim4, wherein the non-contact diode laser is a
continuous 1.48 pmdiode |aser. 6. The method of.clain1ﬂ€mﬁmggéadg cells
fromthe inner cell nmass are isolated by aspiration using an aspiration
pi pette introduced through the aperturgs 17 Cctober 2005 27 7. The net hod
of claim1, wherein isolating cells fromthe inner cell mass is carried out
in the absence of animal generated anti bodies and sera 8. A nethod for
establishing a human enbryonic stemcell |ine conprising the steps of: (a)

i sol ating qﬁlké of an inner cell mass from a bl astocyst stage enbryo by
creating an gp MUre in the bl ast ocyst stage enbryo by | aser ablation, and
renmoving cells of the inner cell nmass fromthe blastocyst stage enbryo

t hrough the aperture; (b) culturing the cells of the inner cell mass in the
presence oft.an Ammthahfor establishirel b cettdine froanthednnarnat tmasstdfca hareder | ayer
to produce inner cell mass derived masses; and (c) culturing the inner
~cell mass deri veulastesysksompriginothecdermofi sol at ed hunman enbryoni ¢ stem cel
line. 9. The nethod of claim8, wherein the enbryonic stemcell nedium
conprises: (a) Dul becco's nodified Eagle's nediumw th high glucose content

‘inan amount frgm ahedibingiYhhQodRe HaviRE ¥ 0z0RR S cdidaOH trop RSiHBrmP YR V at €;
an inner cell mass;

(b) creating an aperture in the blastocyst by laser ablation;

{(c} isolating cells from the inner cell mass from the blastocyst through

the aperture; and
(d) culturing the cells to establish a cell line.
2. The method of claim 1, wherein the aperture is through the zona pellucida.

3. The method of claim 1, wherein the aperture is through the zona pellucida

and the trophectodem.

4. The method of claim 1, wherein the laser ablation is achieved using a non-

contact diode laser.

5. The method of claim 4, wherein the non-contact diode laser is a continuous

1.48 pm diode laser.

. 8. The method of claim 1, wherein cells from the inner cell mass are isolated

by aspiration using an aspiration pipette introduced through the aperture.




(b) fetal bovine serumin an anount from 10%to 30% of the volune of the

enbryonic stemcell nedium (c) beta-nercaptoethanol; sentla
am no acids; (e) L-glutamine and (f) basic flbroblastTégéﬁP%q¥§§tor

Qct ober 2005 28 10. The nmethod of clai2®8 further conprising nechanlcally
di ssociating the inner cell mass derived nasses of step (b) and re-plating
the nmechanically dissociated cells of the inner cell mass derived nasses
on a feeder layer. 11. The nmethod of claim1l, wherein the isolated

The: mot hod b1 ol Stiol G BERFcH irBrER 3 FRG B3 Oy el SRR G2 e
13. The, et hod‘cl gl e NELISIc SRS LShdSh SRmAI P! or System

conprising a m croscope Wt |ng 34 I Ng pi'pette, an
aspiration pipette, and an air syringe, wherel n the isolated blastocyst of
step (a) is placed on the heating stage, the m cromani pul ator systemis
adj usted sd®-t hatA pteéndsl fasesdaylishing s umarhembryanie stest celbimerdommaisivgpie f i el d,
and the blastocyst is secured with the holding pipette by suction through
- the air syringeters®ft hat the inner cell mass is opposite the hol ding

pi pette. 14. The nmethod of claim2, wherein the aperture is generated by

| aser abl ation uéng I%p!qtm@s:eﬂﬁpﬁﬁ@mer gelbmass from a blastocyst stage embryo

by creating an aperture in the blastocyst stage embryo by laser
ablation, and removing cells of the inner cell mass from the
blastocyst stage embryo through the aperture;

(b) culturing the cells of the inner cell mass in the presence of an
embryonic stem cell medium and an inactivated feeder layer to
produce inner cell mass derived masses; and

(c) culturing the inner cell mass derived masses to produce an isolated

human embryonic stem cell line.

Q, The method of claim 8, wherein the embryonic stem cell medium

comprises:

(a) Dulbecco’s modified Eagle's medium with high glucose content in an
amount from about 70% to about 90%, and without sodium

pyruvate;

(b) fetal bovine serum in an amount from 10% to 30% of the volume of

the embryonic stem cell medium;
(c} beta-mercaptoethanal;
(d) non-essential amino acids;
(e) L-glutamine and

(f) basic fibroblast growth factor.




15. The method of claim3, wherein the aperture is generated by | aser

abl ation using a 1.48 umdi ode | aser, and is adjacent i r cell
mass. - 16. The nethod of claim6, wherein the cells of #ﬁ%&tpﬁ%ﬁedrmgell mass
are washed one or nore tines in enbrydhic stemcell nedia, and placed on a
~feeder layer in the presence of enbryonic stemcell nedia. 17 Cctober 2005
29 17. The nethod of claim 16, where in the feeder layer is of murine or
~human origin. 18. The nethod of claim 16, where in the feeder |layer is an

embryoni ¢ fﬁ?gogtl‘?ets eftl’r:'o%dgf cllaf?TY%r furt?‘ngr ca-rgﬁrisﬁﬁé rﬂr?e%ggﬁc%'gfﬁlggeoéd ti etﬁgl n the

i sol ated ce e I nner cell nmass are culture n erfree

condit ons. 120, Ths AR el APy, AT RO ARE IR nhLARIGRNY o

conprise an extracellular matrix. 0 in the

feeder free condiddupted Wik REme I cbPRLCORSNEhRRLCIBAL S P fayel e et hod
t t pr oduct o

of claim1l1, wherein the 1solate astocyst 1s the vitro
fertilization. 23. The nethod of claim1, wherein the isolated bl astocyst
is the product of intracytoplasm c sperminjection. 24, The nethod of claim

8, where inlthe Thednethod ) elein 4. wherpiirthe isolstedhbiastacyst phstap (@9s pipsed net hod

of claim8, wherein the feeder layer is an enbryonic fibrobl ast
' in conventional Embryo biopsy medium,

12. The method of claim 11, wherein the Embryo biopsy medium is Ca++/Mg++

free.

13. The method of claim 1, further comprising a micromanipulator system
comprising a microscope with a heating stage, a holding pipetie, an
aépiration pipette, and an air syringe, wherein the isolated blastocyst of
step (a) is placed on the heating stage, the micromanipulator system is
adjusted so that the blastocyst is at the center of the microscope field, and
the blastocyst is secured with the holding pipette by suction through the air

syringe, so that the inner cell mass is opposite the holding pipette.

14 The method of claim 2, wherein the aperture is generated by laser ablation

using a 1.48 um diode laser.

15.  The method of claim 3, wherein the aperture is generated by laser ablation

using a 1.48 um diode laser, and is adjacent to the inner cell mass.

16. The method of claim 6, wherein the cells of the inner cell mass are washed
one or more times in embryonic stem cell media, and placed on a feeder

tayer in the presence of embryonic stem cell media.




feeder layer. 26. The nethod of claim 10, wherein the feeder |ayer is of
“murine or human origin. 17 Cctober 2005 30 27. The net i-m 10,
‘wherein the feeder |ayer is an enbryonic fibrobl ast fe@ﬁggl% %’?e@l.s 28. A

met hod of establishing a human enbryon28 stemcell line, conprising the
steps of: (a) isolating a human bl astocyst conprising an inner cell nass;
(b) creating an aperture in the blastocyst by laser ablation; (c) isolating
cells fromthe inner cell nmass of the blastocyst through the aperture; (d)

culturing t ce i i e I; L.C: i ne.
20 The met fid of s Mieteol HelnEb, R E e UERD 1T Bl BEGSA
pellucida and thg;tir ophectoderm 30. The nethod of claim28, wherein the
| aser abl ation is achi eved using a non contact diode |laser. 31. The nethod
of claim28, wherein cells of the inner cell nass are isolated by
aspiration through the aperture. 32. The nethod of claim 28, wherein the
human enbr yéhi ¢ Shemmetbed of jghim 36 uhals iins Hel fegder Haveibise A eeraffryani¢ nal
generated anti bodi es and sera. 33. The nethod of claim 28, wherein step (c)
further conpri selbrablastiferper lyegel | s

19.  The method of claim 1, wherein the isolated cells of the inner cell mass are

cuitured under feeder free conditions.

20.  The method of claim 19, wherein the feeder free conditions comprise an

extracellular matrix.

21. The method of claim 20, wherein the feeder free conditions further

comprise conditioned medium.

22. The method of claim 1, wherein the isolated blastocyst is the product of in

vitro fertilization.

23. The method of claim 1, wherein the isolated blastocyst is the product of

intracytoplasmic sperm injection.

24, The method of claim 8, where in the feeder layer is of murine or human

origin.

25. The method of claim 8, wherein the feeder layer is an embryonic fibroblast

feeder layer.

26.  The method of claim 10, wherein the feeder layer is of murine or human

origin.




of the inner cell mass on a feeder |layer, wherein inner cell mass-derived
cell masses are forned. 17 October 2005 31 34. The ”Etﬂpécﬁ%efﬁdﬁﬁn 33,
wherein the feeder layer is an enbryonic fibroblast feeder [ayer. 35. The
met hod of claim 33, where in the feedeB0layer is of marine or human origin.
- 36. The nethod of claim 33, wherein the inner cell mass-derived cell nasses
are dissociated and replated on a feeder |ayer. 37. The nethod of claim 28,
-wherein step (c) further conprises plating the cells of the inner cel

mass in a fgeeder bt L. 4 | - [ el |
masses are Tor nol® S5TORREOBr R (PSR (eB8S il A BRSoRE OKERSIT
condition conprL@gaaqgﬁ%jng the cells of the inner cell mass on an
extracellular matrix. 39. The nethod of claim 38, wherein the cells are
cultured in the presence of conditioned medium 40. The nmethod of claim 37,
wherein the inner cell mass-derived cell nmasses are di ssociated and

repl at ed orf@an eximedhad of gstablishing 8 human emigionicestadrel fing| cempriaing téher ei n
the cells are cultured in the presence of conditioned nedium 42. A nethod

for establishi ng®@3Rfran enbryonic stemcell line conprising the steps of:
(a) isolating cells of an inner cell mass froma bl astocyst stage enbryo
(a) isofating a human blastocyst comprising an inner cell’ mass;

(b) creating an aperture in the blastocyst by laser ablation;

(c) isolating cells from the inner cell mass of the blastocyst through the
aperture;

(d) culturing the cells to obtain an isolated human embryonic stem cell

line.

29.  The method of claim 28, wherein the aperture is through the zona pellucida

and the trophectoderm.

30. The method of claim 28, wherein the laser ablation is achieved using a non-

contact diode laser.

.31, The methoed of claim 28, wherein cells of the inner cell mass are isolated by

aspiration through the aperture.

32. The method of claim 28, wherein the human embryonic stem cell line is

established in the absence of animal generated antibodies and sera.

33. The method of claim 28, wherein step (¢) further comprises plating the cells
of the inner cell mass on a feeder layer, wherein inner cell mass-derived

cell masses are formed.




by creating an aperture in the blastocyst stage enbryo by |aser 17 Cctober
2005 32 abl ation, and renoving cells of the inner cell t he

bl ast ocyst stage enbryo through the aperture; (b) cultﬁf?ﬁgb%ﬁ§ﬁ%ells of
the inner cell mass under feeder free 8bnditions to produce inner cell mass
derived masses; and (c) culturing the inner cell nass derived nasses to
produce an isolated human enbryonic stemcell |ine 43. The nethod of claim
.42, wherein the feeder free conditions conprise an extracellular matrix.

44. The netfpd cl aj : rein.. I .54 f.uct her
- conprise coér]lgi tiot)hr?e 8{#\9 ioﬁ%amﬁgg’ @Léée:h@ﬁ%%ﬁ%ﬁéﬁréslegﬁl %@Bw h,rcﬁ {%gorma::%rrpri si ng
mechani cal |y di SFEQ&ér% g the inner cell mass derived nasses of step (D)
and re-plating the nechanically dissociated cells of the inner cell nass
derived masses under feeder free conditions. 46. The nethod of clai m 45,
wherein the feeder free conditions conprise an extracellular matrix. 47.
The met hod 3 cl Hieningthod g staim B3 mberaeindibe feedas layends ef HHENG oF biaan conpri se

condi ti oned nedi um
origin.
36. The method of claim 33, wherein the inner cell mass-derived cell masses

are dissociated and replated on a feeder iayer.

37.  The method of claim 28, wherein step (c) further comprises plating the cells
of the inner cell mass in a feeder free condition, wherein inner cell mass-

derived cell masses are formed.

- 38. The method of ctaim 37, wherein the feeder free condition comprises

plating the cells of the inner cell mass on an extracelluiar matrix.

39. The method of claim 38, wherein the cells are cultured in the presence of

conditioned medium.

40. The method of claim 37, wherein the inner cell mass-derived cell masses

are dissociated and replated on an extracellular matrix.

41.  The method of claim 40, wherein the cells are cultured in the presence of

conditioned medium.

42. A method for establishing a human embryonic stem cell line comprising the

steps.of:

(a) isolating celis of an inner cell mass from a blastocyst stage embryo

by creating an aperture in the blastocyst stage embryo by laser




43.

44.

45.

46.

47.

17 October 2005
32

ablation, and removing cells of the inner cell mass from the

blastocyst stage embryo through the aperture; -

(b) culturing the cells of the inner cell mass under feeder free conditions

to produce inner cell mass derived masses; and

(c) culturing the inner cell mass derived masses to produce an isolated

human embryonic stem cell line.

The method of claim 42, wherein the feeder free conditions comprise an

extracellular matrix.

The method of claim. 43, wherein the feeder free conditions further

comprise conditioned medium.

The method of claim 42, further comprising mechanically dissociating the
inner cell mass derived masses of step (b) and re-plating the mechanically
dissociated cells of the inner cell mass derived masses under feeder free

conditions.

The method of claim 45, wherein the feeder free conditions comprise an

extracellular matrix.

The method of claim 46, wherein the feeder free conditions further

comprise conditioned medium.




