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ADVANCED CEL L TECHNOLOGY

P.Q. Box 1700 Sunta Monica, CA 90406 Ph 310-576-0611 Fax 576-0662

March 24, 2010

Eillen Gadbois, Ph.D.

Nationat Institutes of Health
Office of Science Policy Analysis
Bldg 1 Room 218D

Dr. Gadbaois,

F hereby assure that the ermbryo from which cell line MA135 was derived, was donated prior to July 7,
2009, and the embryo: 1) was created using in vitro fertilization for reproductive purposes and was no
longer needed for this purpose; and 2) was donated by individuals who sought reproductive treatment
("donor(s)"} who gave voluntary written consent for the human embryo to be used for research purposes.
F understand that the Working Group of the Advisory Committee to the NIH Director will consider
submitted materiais taking into account the principles articulated in Section [I{A) of the NI Guidelinas for
Human for Human Stem Cell Research, 45 CFR 46 Subpart A. and the following points to consider:
during the informed consent process, including written and oral communications, whether the donor(s)
were: (1) informed of other available options pertaining to the use of the embryo ; (2) not offered any
inducements for the donation of the embryo ; and {3) informed about what would happen to the embryo
after the donation for research.

For clarity, | attach the consent used for MA135 and have highlighted and notated the sections that
address the specifics of this assurance.

(A} Embryo was donated prior to July 7, 2009

(B  Embryo was created using in vitro fertilization for reproductive purposes and was no longer
needed for this purpose

(C)  Embryo was donated by individuals who sought reproductive treatment ("donor(s}"} who gave
voluntary written consent for the human embryo to be used for researeh purposes

(D}  Donors were informed of other available options pertaining to the use of the embryo

(E)  Donors were not offered any inducements for the donation of the embryo

(F) Donors were informed about what would happen to the embryo after the donation for
research

{(G) Donors received writter and oral communications regarding the consent,

Thank your for your review of our application. | am available shouid you have any questions.

Respectfully,

Iy f HullP
William Caldwell IV
Chief Executive Officer
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Consent to Donation of Excess Embryos
For Stem Cell Research

INSTRUCTEIONS:

This form is for use by couples who have undergone IVF procedures to create
embryos for their reproductive purposes, using their own gametes (ova and sperm).
In order to donate embryos for use in stem cell research, both gamete providers
must be available and willing to sign the consent form.

You are being provided this document because you have undergone fertility treatment at
(name, address and telephone number of IVF Clinic),
which has stored embryos created by you and your partner for your future reproductive
use. You and your partner have determined that some or all of these embryos are no
longer needed for your reproductive purposes and have indicated that you may be willing
to donate these excess embryos to Advanced Cell Technology for use in research. This
document describes the research, including its risks and benefits (if any). It also contains
other information that you should consider before agreeing to donate your embryos.

Before deciding to donate your embryos, you may also wish to read the attached
information sheets put together by the National Institutes of Health. The information
sheets contain general information about stem cell research. If you are interested in the
specific stem cell research that is being carried out by Advanced Cell Technology, you
can check the company’s website at http://www.advancedceli.com.

L PURPOSES OF STEM CELL RESEARCH:

One purpose of stem cell research is to study ways in which to generate stem cells.
Another purpose is to study how stem cells might be used to treat certain diseases. Stem
cells are cells that may (if research goes well) repair the body by re-growing damaged
organs or tissues. Understanding stem cells is a very active area of scientific research at
this time because there are many possible uses for them. For example, when brain cells
die, as in Parkinson’s disease, or heart cells die as a result of a heart attack, replacement
cells are not availabie. Likewise, diabetes results from the loss and non-replacement of
special cells that make insulin. Research on animals suggests it may be possible to
develop human stem cells for use in treating such diseases, and to restore normal
function. For the research to go forward, a source of human stem cells is needed. An
excellent source of such cells may be frozen human embryos that are in excess of those
needed for reproductive purposes (see Subheading II, Procedure).

9884450_5
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. PROCEDURES INVOLVING DONATED EMBRYOS:

If you agree to donation, the IVF Clinic will transfer one or more frozen embryos
belonging to you and your partner to Advanced Cell Technology, a company whose main
office is in Worcester, Massachusetts. Advanced Cell Technology will thaw and culture
each embryo in one of its laboratories for up to six days, usually until it reaches the
blastocyst stage (about a hundred cells). The resulting blastocyst will be used to produce
a line of immortalized, pluripotent human stem cells (that is, cells capable of continuing
to muitiply for an unlimited period of time in the laboratory and becoming virtually any
tissue in the human body). The donated embryo or embryos will be destroyed as a result
of the process by which stem cells are derived. At no time will your donated embryo(s)
be implanted in a woman’s uterus.

Advanced Cell Technology may keep donated embryos in a frozen state for a period of
weeks or months. However, once an embryo is thawed and allowed to begin
development, the embryo will be destroyed as part of the research process before it
reaches the age of fourteen days, the time when the first development of organs begins.

III. RESEARCH USES OF STEM CELLS:

Once human stem cells have been derived from donated embryos, Advanced Cell
Technology will use the stem cells to study the process of cell development, and to try to
make cells and tissues that can be transplanted into humans to treat various discases.
Such research might involve genetic manipulation of the cells or the mixing of human
and nonhuman cells in animal models. Advanced Cell Technology has an independent
Ethics Advisory Board that will review all futare research uses of stem cells. In addition,
an Institutional Review Board will review any future research involving transplantation
of stem cells into human beings.

Since stem cells are capable of continuing to multiply for an unlimited period of time,
Advanced Cell Technology may keep stem cells that have been derived from your
embryos for many years.

IV.  RISKS OF DONATION:

Because these embryos have already been created for your reproductive purposes,
donating your embryos for research poses no additional medical risks to you or your
partner. However, following your donation, it is possible that one or both of you might
experience psychological discomfort with your decision to donate your embryos for
research purposes, and this discomfort could require counseling support.

In the unlikely event of a breach of confidentiality (see below, item X), you may also be
exposed to unwanted publicity.

98844505 p2of5
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V. BENEFITS OF DONATION:

There will be no benefits to you as a result of your embryo donation to Advanced Cell
Technology. You cannot designate the stem cell lines resulting from this research for the
medical benefit of any particular individual. However, by donating your excess embryos
for stem cell research, you may help researchers make important advances in medical
knowledge which could be of benefit to others in the future.

VI. COMPENSATION:

You will not receive any compensation for your donation. However, once you have
signed this consent form to donate your excess embryos for research, you will not be
responsible for any subsequent costs associated with storing the donated embryos. The
IVF Clinic will bill Advanced Cell Technology directly for any storage costs incurred
after the date of your donation.

VII. ALTERNATIVES:

You can choose not to donate an embryo or embryos to Advanced Cell Technology.
Possible alternatives include indefinite continned storage, donation of embryos to other
infertile couples, or removal from storage with disposal. If you choose not to donate, this
will have ne effect upon any future care provided to you by the IVF Clinic where the
embryos are stored.

VII. WITHDRAWAL:

If you decide to donate and later change your mind, you can withdraw consent up until
the time the embryos are actually removed from storage at the IVF Clinic for transfer to
Advanced Cell Technology. The time period between the signing of the consent form
and the transfer of the embryos to Advanced Cell Technology is on average two weeks,
Notice of withdrawal must be received by the IVF Clinic before the embryos are
transferred to Advanced Cell Technology in order for withdrawal to be effective. Notice
of withdrawal should be sent to the IVF Clinic in writing, at the address shown on the
first page of this form.

IX. COMMERCIAL DEVELOPMENT:

As a commercial firm, Advanced Cell Technology hopes to develop new therapies and
products from this research that will be financially profitabie. The cells, products,
research results and any inteliectual property directly or indirectly developed from
research using your embryos may have commercial value to Advanced Cell Technology.
You will not receive any financial benefits from such future commercial developments,

88305 p3of5
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X CONFIDENTIALITY:

Prior to transferring your embryos to Advanced Cell Technology, all information
associated with the embryos that might enable Advanced Cell Technology to readily
identify you or your partner (such as name, address, or social security number) will be
removed and replaced with a code. The key to the code, which key provides the link
between you and the embryos you donate to Advanced Cell Technology, will be retained
at the IVF Clinic. The IVF Clinic will retain the key for as long as any of your frozen
embryos, or cell lines created from your embryos, remain in existence, which could be
for an indefinite period of time. The IVF Clinic will not release this key to Advanced
Cell Technology under any circumstances.

As your identity will be unknown to Advanced Cell Technology, you will not be
identified in any publications or public statements issued by Advanced Cell Technology
about its research. '

At some point in the future it is possible that stem cell lines produced from your embryos
will be used in the treatment of other individuals. If that happens, the U.S. Department of
Health and Human Services or the Food and Drug Administration may need to review the
coded research records maintained by Advanced Cell Technology, together with the
records maintained by the IVF Center that contain the key to the code. The records
maintained by Advanced Cell Technology and the IVF Center might also be reviewed or
audited by others, who will be bound by the same confidentiality rules that prevent
disclosure of your identity to Advanced Cell Technology.

XI. CONSENT TO DONATE EMBRYOS FOR PURPOSES OF STEM CELL
RESEARCH

We, and
presented to us and have had them explained fo us by

, have read ail materials

We understand all of the following;

Donation of our embryos will be of no direct benefit to cither one of us or to anyone we
know;

The embryo(s) donated by us will be used to produce human stem cell lines for research
on cell replacement or cell transplant therapies;

Each donated embryo will be destroyed by the stem cell derivation process and no
embryo will be transferred to a woman’s uterus to produce a baby. No donated embryo

will be allowed to develop beyond thirteen days. However, any stem cells produced may
be kept for many years;

The cells, products, research results and any intellectual property directly or indirectly
developed from research using our embryo(s) may have commercial value to Advanced

98844305 p-40f5
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Cell Technology but we will not receive any financial benefits from any such future
commercial developments;

The research findings from our donated embryos may be described and reported in
scientific journals and meetings. Our identities will not be revealed in any such reports
and we will not personally benefit in any way from such repotts;

Qur decision to donate embryos for this research study is purely voluntary.

We have read all of the above, including the description of the purposes of stem cell
research and the research procedures involving donated embryos. We have asked
questions concerning any arcas we did not understand, and we have received satisfactory
answers to these questions. We willingly give our consent to-donation of our excess
embryos to Advanced Cell Technology for the research purposes described above. We
wish this consent to supersede any document we may have signed in the past regarding
the disposition of our embryos.

Name of Female Signature Date
Name of Male Partner Signature Date
Witness Name Signature Date
Name of Person Conducting Signature Date

Informed Consent Discussion
XII. CERTIFICATION:

I certify that my ova were used to create the embryos that I wish to donate to Advanced

Cell Technology. I further certify that I am not an employee of Advanced Cell
Technology.

Name of Female Signature Date

I certify that my sperm was used to create the embryos that I wish to donate to Advanced

Cell Technology. I further certify that I am not an employee of Advanced Cell
Technology.

Name of Male Partner Signature Date

9884403 pSof5
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of Humqn _ES Cells:

E e

fving human embryomc stem (hES) cells isa challenglng
deavor. Although derivation of mouse:BS- cell Jines has

tered at various stages (¢ of theﬁr dgnvation and mam
¢ common techniques for maintenance of hES cefl
g mechanical passaging of the cells using co!lagenase'or
spase are’ofién coiipticited-and fntrodeice variability i the:
rowth potential of the BES €ells Distribittois of thié dvailable
I'[E-,S cell lines frequentty réconimend attEndlrig ‘Special training

hES cell lines, desceibed in Cowatiter ol (2004) These fines

to permit expe‘nmemanon All of thése lides can b Success-

“ recovery rate of 10% or higher.
Techniques for- défiving and mamtammgwplunponent

2 variety of labs, and there are notable sirdilarities anddiffer-

~in our lab, we adapied previoisly published raethods and
developed’ an approach that consisténtly prodiced new cell
. This chapter describes the aspects of derivation and.main-
_ tenance of hES cells that we found lo be helpful in generat-

ing hES cell hnes mclndmg ‘the equ:pment used preparation
and quality control of media and reagents, cell passagmg

behavior,

Setting Up the Lab
EQUIPMENT

.. Initial steps in the derivation process are conducted under a
dissecting microscope, We make an effort to keep embryos

Essentiols of Siom Cefl Biology
Copyright @ 2006, Eisevier, Inc
Al nghts sesarved

e

courses priof'te workmg witti the-hES ¢ell'Tinks they:provide..
In our fal; we recently estabilishied and characterized:17

have been adapted to irypsiniZation, which simiplifies the: pas-:-
saging of the cells and generates cells in sufficient numbérs -

fully frozen and thawed using very simple procedares; witkka -

+ human and mousé ES cells in culture have bieen deseribéd by~

- ences. For the derivation and fainteharice of HES cell lines

- lines and that proved to be easily taught to other investigators. -

‘techniques, and other aspects of hES cell morpho!ogy and’

‘X

PPN}

 Approaches for Derivation and Maintenance
. C Detailed Procedures
and: Alternahves

" o i v

s o - Co
ER : I

TS S Pt S TR R R

and: dishes-containing; the early -mechanically passagéd dis-

-petsions at 37°C. Dishes brought out of the incubators are set |

on 37°C slide warmers .or viewed nsing;microscopes. fitted

tures are vulrierable: toréontamination during.this- time, we
have the dissecting microscope- within a-bench-top laminar
flow hood: :A- high-quality .stereo. microscope with. 2- wide-
range zoomi:is'essential: for ithe. mechanical dispersion of
coldnies, including the inner cell-mass. (ICM) .outgrowth; it

"permits an overall assessment of each plate and evaluation of

the~morphelogy of each colony when dumg the mechanical
passagmg ;

* The equipment used din-our. ]ab is as follows:

Stereom:cm.smpe for microdissection: A Nikon SMZ-
1500 with the magnification fange 10-100x works well
with its easy zoom and the positioning mirfor that reg-
ulates the depth and coritrast of the i inage, A whole 35-
mm dish can be scanned for colony morphology, and thie
zoom permits seléction With p precision of the parts of the
colony that are the best for dissection,

" Inverred microscope: A Nikon TE 300, or sy wegular

. inverted cell culture nucroscope, set up with phase and

. Hoftman modulatlon cqntrasl (Hiv opucs with phase
ObJQCIiVES of 4x IOx 20x and HMC 20x and 40x
HMC s recommended for vxewmg ES cells and ls
required for embryo evaluation.

Heated mzcroscope _Stage for both stemo and 'inverted
-microscope: A (leon) slide warmier ke eps extra PMEF
p]ates at 37°C durmg mechamca! dispemons

Bem:h -top [ammar Slow hoad wzrk a HEPA filter: Vertical
hoods by Terra Universal (Anahelm, California), Hori-
zontal models sometimes produce too much vibration.
We found that these vertical hodds were tall enough to
accommodate a dissecting microscope and were very
convement and reliuble.

Tissue culture incubator: All parameters (CO, concentra-
tion, humsd:ty, and temperature) need to be checked
daily with external _monitorikg equnpment

External monitoring equipment:

+ Surface thermometer

+ Mercury liquid-irnmersed thermometer

287

-with heated:stages:. The -mechanical dispersions necessitate. .
- having the-dishes open-for extended periods..Since the cul-
atlable hES cell lines is testament to the difficelties eficoun- -
fenance,

o A

e
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. Hygromcter

+ CO, monitor and gas cahbxauon it (GD 444 series by
CEA Instruments, - Emerson,  New: Jersey), calibrated.

regulacly

QUALITY ASSURANCE OF EQUIPMENT

Consistency in growth conditions is very important for the
development of the embryos and the growth of the hES cells.

The checklist of parameters monitored daily includes the per-

centage of CO; (5.09, temperature (37°C), and humidity of the

incubators (»90%). A checklist with daily readings is very

helpful for timely recalibration if an undesirable trend is

noticed. Warmirig rings andeplatfoms are constantly mom- .

tored with suiface thefmometers: =~ «

Two incubators: are setaside for denvauom' and expané:on )

of new lines: The incubsators aré checked prior to.any new der

ivadon round by gmw:ng ‘mouge embryos from the two-cell

stage to blastocyst; a passing score requires 90% to go-to-blas-
tocyst. Cultureg dt eatly stages, prior to-being: frozen; are.split
between the two intubators as'a protection against incubator

faiture. The incubators are:not- openéd frequently, thereby-'

maintaining steady growth’ parametem

STERIUTY -

Some aspects of the denvauon ot‘ hES cell lines put t.he ass0-

ciated work under more stringent sterility requirements than
those of any typical cell culture lab. These inctude the limited
availability of frozen _human embryos, the labor~1ntenswe
natute of derivation and expansion, the team effort involved,
and the long periods in culture untjl the newly established
fines can be expanded and safely frozen In addition, because
hES celis ace prope to spontaneoue dlfferenuatmn under unfa-
vorable conditions. many labs pfefer not to use ant:b:otlcs in
cell culture media.

The reagents should either be purchased slen[e from the
manufacturer Q¢ be ﬁlter-stenllzed in the lab. Most of the cell

culture supphes can be boughr. stenle However, everyﬁnng N
that is sterilized m—bouse by autoclavmg or by dry heat needs
to be quality controtled with biological md:cators (spore strips-

from Steris, Mentor, Ohio),

If it comes to the worst, the tnple-acnou dmg Normocm
(see Media Components) appears t0 be tolerated by hES cells
without significant changes in their plunpolency or gmwth
rate and permits the rescue, of comammated cul;ures

Preparing and Screening Reagents

The hES cell lines in our t‘acalxty were denved and continite

to be grown on primary. inouse embryo ﬁbroblast (PMEF)'

monolayers. We denved the, Imcs in mecha ntammg Scrum
Replacement and Plasmanate, _a component of the medlum
used in the IVF field for thawing human embryos and fetal
bovine serum (FBS) at early stages of derivation.

MEDIA COMPONENTS

» KO-DMEM (Invitrogen, Cat. No. 10829)
« DMEM high glucose (lnvitrogen, Cat. No. 11960-044)

.. To a 500-ml botte of high-glucose DMEM add:

r
-

mem‘(rnvmgen, Cat, No. 10828y: Each 6

tedl; but ds 4 guide, we found that the lots

higher than 470 mOsmIkg ‘and endotoxlcny
lower than 0.9EU/m! were the best. Upon thawing, make
smgle-lxse ahquots and freeze.

» Plasmanate (Bayer, Cat. No. 613-25): Each lot needs to be
tested.

= FBS (Hyclone, Cat. No. SH30070.02): Each lot needs to be
" tested, Heat luactivaté; if desired, and freeze in aliquots,

s B-mercaptoethanol, 55mM (1000x) solution (Invitrogen,
Cat. No. 21985-023)

» Non-essential amino acids (NEAA), 100x solution (Invit-
. rogen, Cat, No. 11140050) o
Pemc:llm—streptomycm, 100 soluuon (Inwtrogen, Cat' '
No. ]5070‘063) i - ]

» Glutamax-I, - 100%. solunon, a stable dnpepude of L,_ .
glutamine and: L—alanyl a. glutamne substitute: ([nvmogen, .
Cat. No. 35050-061): - ‘ :

Pemcxlhn—stre :omycu'r anc! Glummax-[ a:e kept m frozen ;
smgle-use ahq Bots, ‘

.= Basic ﬁbz;oblast growth factor (bFGF) (Inwtrogen, Cat. No, -

" #13256-029): . Add 1.25m} of hES. cell -growth media
. without-leukemia. inhibitory. factor, (LIE). or BEGF to a vial

_containing; 10g- of bFGF: This. makes. an Sugfml stock. o

. - solution: Increasing final bPGE concentration to.8-20ng/mi

can be beneficial. for the cells, especially at carly stages of

derivation, after thawing or; when the cells are grown at fow

density. Make 120~y aliquots and freeze. .. .

Human LIF {(Chemicon Intemational, Cat. No LIFIOIO)

0.05% trypsin-0.53mM EDTA (Invitrogen, Cat: No.

25300-054) .

Qelatin from porcine skin (Sigma, Cat. No. 61880) _

Phosphate-bulfered saline (PBS), Ca2+, Mg2+-free (Invit-,

rogen, Cat: No. 14190-144)

« Normocin, an_antibiotic active against gram +/— bacteria
that also has antimycoplasma and antifungi activity (Invivo-
gen, San Diego, Califoria; Cat. No. ant-nr-2; comes.as a
500x solution} - : .

MEDIA RECIPES

Bottles of mecllg that are opened frequently become alkati
rapidly; we suggest mak.mg smaller guantities that wilt fast
approxunalsely a week. _ ) ’

PMEF Growth Medium

L]

-

= 6-ml penicillin—streptomycin
+ 6-ml Glutamax-I

* 50-ml FBS

hES Cell Basal Mediam
To.a 500-ml bottle of KO-DMEM, add:
* &-ml penicillin—streptomycin
* 6-ml Glutamax-I

* 6-ml NEAA
+» 0.6-ml B-mercaptoethanot
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N Cell Derivation Medium

LIF and bFGF concentration and contains FBS. You
itch to hES cell growth medium whe
onies has been reached (usually paisa
-100m! of basal medium, add:

Plasmanate

Serum Replacement
FBS .
j of human LIF (finel concentrath
pl of bEGF stock solution (final’co
b more (up to 20ng/ml) '
Herilize by 0.22-um filiration

b ES Cell Growth Medium
200 ml of basal medium, add:

0-ml Plasmanate

(-ml Serum Replacement .
240l of humnan LIF for 10ngfmi, 6
201 of bFGF stack solution (final;
for 1 bFGF, or more if a higher cohcenira
Sterilize by 0.22-m filtration e

Gelatin .
Ive 0.5 of gelatin in 500 mi of warm (50-60°C) Milli-
water. Cool to room temperature, and sterifize by 0.22-pm
tion. This makes 0.1% solution.

Mitomycin € © ‘

Hd 2ml of sterile Milli-Q waier to a vial (2mg) of

8% ohilized mitomyein € (Sigma, Cat. No. M 0503); this
s 1 mgiml stock solution. The solution is light sensitive’

d is good for one week at 4°C,

NTS

screefiing, atiquoting, and

Various lots of Serum

S should be screened,

change in lots at the initial stages.
Screening of FBS, Plasmanate, or Serum Replacement - -
“This test is based on ‘a ‘publishéd procedur for screening FBS
Tots for mouse ES cell work #ccording td Robertson (1987).
is approach ¢an be used for screening any combination of
weagents or for fiding the best concentrations for media
 supplements. Thie quality” of the reagents is assessed by
* counting the aurber of colonies, evafuating the morphology
of the hES cells, and staining for alkaline phosphatase activ-
ity as detected with Vector Red Kit (Vettor “Laboratories,

-Burlingame, Califomia_).

you will need at least 12 wells to vary the conceniration of

i medium at edily stages of ICM-outgrowth. Tt has-. .

teady growth

vious lot. Some newly derived hES cells will die it with

1. Prepare 12-well piates with PMEFs. For each lot tespd,'

Preparing PMEF Feaders

the component being tested from the working concentra-
tion to- high enough concentrations to evaluate toxicity:
8%, 10%, 20%, and 30%. Each concentration is’done in
 triplicate and compared to media corponents at working
concentrations known. B cell growth.

‘more noticeable
= However, some

: pipette up and

late in perpendi-

: or atkaline phos-
, the cells are

more loosely’phcked;: with' diffuse sbo
“pinker. Usually, the difference in the conditions being
tested becomes more obvious as colonies grow bigger.
However, as the colonies grow larger; they can begin o
touch each other, and they tend to differentiate. Staining
one of the triplicate wells for alkaline phosphatase activ-
ity, prior to seeing signs of differentiation is advisable.
‘Continue ‘With tté'oier wells in gchi'sét for anotiier day
or two before staining (see Figure 38°1 for & sample’test).
. Adequate recordkesping for all:commercial. and. in-honse
prepared lots.of reagents are helpful for troubleshooting should
the hES ceils begin to exhibit differentiated morphology.

Preparing PMEF Feeders ..+ :

" We grow our HES cells on PMEF feeders that have bee fit-

" dmycin C treated to generate stable monolayers. The PMEFs

are made by standard procedures using 12.5.days postcoftus
(dpc) (ICR) mouse embryos as described in Robertson (1987).
The 12.5dpe embryos are eviscerated, but the heads are left
on during tissue disruption i, trypsin; plating density s 15
embiyos per 150-mrn plate. PMEFs are expanded once after
the initial plating (1 -5 split).and;then frozen (P1). The growth

rate of PMEFs and their performance as. feeders. decreases as

iey go through rultiple passages; therefore, thayed PMEFs

are only passaged once (P2) for cxpansion purposes priorto
mitomycin C:treatment, at which, point a new vial of PMEFs.
would be thawed. .

" MTOMYCIN C TREATMENT AND PLATING

Mizorﬁycin C is added to the media of a confluent plate of
PMEFs at 8 concentration of 10 ig/mt and incubated at 7ec
for three hours. The cells are harvested by typsinization'and
plated on gelatinized plates in PMEF growth medium. In
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Figure 38-1. Media tasting. & qnd CF Cenpbr?s'oﬁ & T6% soriivrelacemént wit (3 acd D

+BE Sersm Replocement and 8% plasmanate. T re quciu

of the madia sipplerments is-ossessed by |4 ond Blevolvating the morphology of the colonies ueder phose comost, oz described in the nen, followed by

lC and D} sioining fon abkedine: phésp‘whuse och\n'f Ngie, thol
iine ohosphahss is hngher i, li'!e, mediyre

serum-free hBS cell growth medis

less confluent because of the spmdlé ike shape the ceils take”

on. To ensure a confluent monolayer, we recommend a plat-
ing density of 50,000 tc60,000° callg/om®. We: prefer. to-use
plates of PMEFs no lcmger thati: 3—4 days afier rmtomycm C
treatment. "

Mechanical Passaging of hES :
Cell Colonies. = =

o

Many estabhshed hES cell’ lmes dre pvassagedr with - c‘ollage‘ -
nase or by dispase in conJuncnon “with mechianical dispersion:
Mechanical dlt;i)ersmn can prov:de ‘coloties of “perfect!” mor- .
phology, as it permits one ‘to’sélecfively pick undifferentiated-
colenjes or even undifferentited parts ‘ftom differentiated:and -
OVErgrown colomes, bt itis’ ume é(msurnmg and-does pot
yield Iargc numbers of cclls, “Hhitls hrmhng expansnon of r.he

or for adaptation to trypsm Tt is al§o™a’ tool “for'a "rescne oper-

ation™ in critical situations when the success of salvaging a
few coldnies means saving an hES cell lige, .
R B L T

i

MATERIALS NEEDED

Flame-Pulled Thm Cap:ﬂanes
We use an. alcohol or gas | bumer :o pu}k prestenhzed glass
Pasteur pipeties into ﬁnely drawn cap:!lanm The capllranes
are broken by hand into angled tips, the shape of a hypoder-
mic needle. The diameter of the capiliaties may vary, but the
best results are achieved when they are 10 to 100 ES cells in

gt afiough the merobology of the colonies i panels A ped B is composshie, The ¢
5o Seur'l Replace-naol md prr‘sﬂ'a""(J‘P My

7. device consists of a mourhpxeoe\(

iy of b

ritication d’ix

"di'a'meter, this is how large the colony picces are going 1o
Be. The choice of diameter depends on the operation. For:

instance, to do ll'lll.'lal dispersion of an ICM outgrowth or to

: target undlfferenuated _parts of a,colony, a dmmeter of 10 to
© 30 eells would be used.

Mouth- Conrrolied Suction Device. .
Similar to a2 mouth .pipette used for embryo transfer. this

No. [3601 P), n.rbber tubing, 2 and aQ. ,2 pm syrun e ‘
a rubber tubing adapter for the Pasteur plpeme It provides prc- o

) cision in al}. mampulauons for co]ony d1§persxons

MECHANICAL DISPERSION

The procedure is simifar to vacuummg ‘Gentle dlspers:on of
thié colony is achieved by simultaneously cuttmw ‘off the pieces
with the angled end of the capillary, very lightly moving them

*  off, and sucking them-in.. With. the opening of the, c:apullar_y‘= N
sh, begin

pos:t:oned nearty honzontal v} the bottom of the, dlS 5

. U the whoie colony is commg from mé'-monolayer mAi ne " - }
. pnecer it is probably. differentiated }nd should bed ard

. When the desired number of colonies is dispersed, b]O“ ;
out :he pieces into the same piate for 1ICM dtspcrslon or into =
a fresi'kly prcparcd plate (see Tater
details about preparing the veceiving platé): To avoid having -
all the colonies siick to each other in the center of the plate.
move the plate gently from side (o side; do not swirl. (Figuwe
38-2 shows examples of mechanically passaged cultures.
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Sections of this chaptet for -




¢

gher mognificalion of We'fraimed &olontes in panel. €;,shilted 9O degrees.
ed in lhe middle. This othet-eclony-is:unddfereniioted and is #milor

i

B \ointing out parts of colomies that have differentited and
hould be avoided when passaging the culture.)

aniy - fictors that inflience. whether. an. isolated ICM will
rodice an hES celi-line are. uot-fully. undersioed. Some of
i factors to considér are' what stage the embryo was frozen

: 3 cultaré-to'generate & blastocyst; the culture conditions,
fhd thié quality 'of both the €M and the rophectoderm, When
n embryo is ready for immunosurgery: must be determined
mpirically, usually occiirring between day 5 and day 7. Any
ryo that has iindergone cavitation and- has g relatively
ntact trophectodetm is’ a-candidate: for: MMUNOSUIZErY.
MMUNOSURGERY ' C
The process of IMmMUNOSUIEEry. Was performed essentally as
eseribed by Sobter-and Knowles 1975}, It invplves remov-
g the zona pellucida with Acidic Tyrode’s; solution, incu-
aling the embryo in an.antibody that ‘binds to the
ophectoderm and:preferably no} ta.the ICM cells (especially
miportait for the embryos. with qonintact rrophectoderm), and
fhen lysing the trophectoderm celis, with complement, The
4d cells that surround the ICM are.removed by sucking the

prepared PMEF for fucther growth.and dispersion.
Materials needed: - .

» Acidic Tyrode's (Specialty Media, Cat. No. MR-004.D)

'+ Rabbit anti-human RBC intibody (purified 1gG fraction,
Inter-Cell Technologies, Hopewell, New Jersey, Cat. No.

¢n
@

5 = ! :
atrows show-partially difleraniated colonles thar.con be dispersed. and

4 by what proceduré; the length-of time. the embryosyst

[CM through a namrow capiltary. The isolated ICM is pit on

- Derivation oFhES Calls. - .. .

i* Nate thot the celis are small
. thot should not be dispersed;
iies ot the fext . Ponel © shows
arenliated colony, which.has became mwli-

R LRI

AG 28840): Aliquoted.and stored 8t—80°C; freshly diluted
1:10 in hES cell derivation medium
« Complement (Sigma, Cat. No. 51639): Aliquoted and
stored at —80°C; freshly diluted 1:10in derivation medium
» Capillaries for embryo transfer: Thinly drawn capillaries
.-(approximasely the diameter of the ICM) for the trophecto-
depmiemoval T
Prepared Mitomycin _C-ﬂTreh{‘ed'PMEF Plates -
For the initial ICM outgrowth, change he mediur ofi 4 four-
. well plate of mitomycin C-treated PMEFS to HES cell deriva-
tion.medium.the night befdre the immunosurgery 10 et il get
conditioned by the PMEFs, final. voliime of 250pL.
 Instead of conditioning. it overnight, the ®derivation
medium oan be,supplemented with 30% of a hES cell-con-
- ditioned medium. To collect an hES cell-coriditioned medium,
add mediym to 3 nea-confluent culture of RES cells with good
morphology: (see Figure 38-2A for an ekampié of ‘colony
deasity and..morphology), leave for 74 Hotrs, ‘célléct the
nedium, filier, and store for 2-3 days at 4°C. o

IMMUNOSURGERY PROCEDURE

1. Each smbryo is processed separately. A dish is prepared
with.a series of 30-ui microdrops, three for éach step:
. Acidic Tyrode’s, anti-human RBC anibody, complement,
and three drops of derivation medium for each wash. The
drops are covered with embryo-_néSted rmineral oil and are

equilibrated in the CO; incubator for 60 thinuites.
2. Under the dissecting microscope, transfer the embryo into
. the first Acidic Tyrode's drop for 2 quick (1-¥ seconds)
wash, then move into the second drop. Watch the embryo
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Figure 38-3. imiial ICM-oulgrowih

looking cefls. VWhen no obwious ES eell
be done [A and B} The initial ICAA oulgro“ﬁh of we futie
layer come up kgether, so it is better o wail beiore dispersing. (C} The ICM is reudy for dispersion when a colony of EHike cef's is lorge enough fobe -
esed info severcl pieces, leoving 20 to 50% cf the ouigrovdl: on the original pioce for Ruture regrowth. (D) Lines ianserbe the rumber of pieces rec:

disper
for the dibpersion oF 'h|s colony Ararow caplllely s vsed, ord a small part of the.golony, s !eﬂ unlouched [c:rrcwi Magmflcuhon 00x

omméndad

38. Approaches for Derivation and Maintanance of Human €5.Cells: Defailed Procedures and Alternalives

b R

closety, as soon as the zora pelluclda thins and is nea.rly
dissolved, move the embryo into the next serics of hES cell
medinm drops. Move the embryos through the first anti-

_ -body drop into the secqnd and third' drops, Ehen put the dish -

30 finigkes.’ ‘

o5 lhrough three: ‘deops’ of denvatmn
e drops of the comiplement solu-

tion as descnbed prévig usly, inicubate i in: the+{ast-drop-of

complement_l 18 0, mcubatur for 5 minutes.and'check -

for any “bubbimg trcphoblast cells: If no'cells show signs

intg the mcubato
Trgnsfer the em'

of lysis, or.if only a few cells are bubblitig, ¢ontinue. the

mm.lbauon and recheck in five htinutes: The émbryo should
-be. transfcrred to the drop of dcnvanon miediury as soon as
all trophoblast cells. are Iysed or lt‘ no néw bubblmg cells

ment should not exceed 30 minytes.

.. Gently pass the embryo ‘through the oﬁenmg ‘of 4 ‘thinly
drawn chpillary (about the didmeter of the ICM); the lysed

trophectoderm cells shouid détach after 1-2 passes:

. Wash the ICM in the dmps with derivation medium and

place into the prepared welt of a four-welt plate. The ICM
should attach mthm 24 houss.

—t

ICM DISPERSION
A early stages oE denvauon we recommend domg the first
dispersion as soon as at least 2-3 colony pieces can be
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s}mlyﬁ‘ecIEScclo

:Expect it fo gmw back'ii [-2-daysy: the néw- outgmw

o whan Ihe dispersion fs allerpled, tha ouigrowth apd the PMEF mang

B

obtained froim the initial outgrowth: (Figure 38-3).,The dis-
pérscd colonies nay be-left in:the same well or mcvcd l:q a

néw well.-1f theie- are only: a few. colony pieces (1—5), they

shoitld be placed close 10 each other but.with enough space

{:} perrmt growth, [i:is-better:to° disperse. colonies before they
grow mto contact wnh each ther: and prior. to_signs. of dif- *

Wicn the colony grcmrth is slow, change Lc}o-thxrds of
"the migdiun gvéry 2-3-daysto keep it condmoned at all times.

As more' colohies appear, change two-thirds of the mediom

daily and increasc volume to SOOlewell of a four-wcil

plale
Evé' '1f anr oﬂgma.l colony Tooks dlfferenuated or comes

1s: thn ‘doing the mmal dlsperslon, parlj

bined withy previously picked.cells

during the process of deriygtion. In this case, no immuno-
surgery .was done because ‘the tmphcctoderm was not suffi-
ciently intact. :

morphology: fien includes -nany differentiéted
“céin‘beé locoted;: moné ime is required before.the firsl colony. dispersion can -

ony-‘should be lefl untouched asa backup: *

“obtained from the initiat.outgrowth. [t is
" Critical &t this stage fo' ‘expatid the number of colonies slowly
and stéadily. See’ Figure 38+4: a5 an exaraple-of the length of r
time between dispersions and appearance of, the ;cultures.’




qure 38:8. Eary stagés of HES cell darwarion:

row], which are ready for anolher di

be expanded gradually by the progression from relatively
sparsely populated four-well dishes to confluent foar-well
dishes to 35-mm dishes. Throughout the process, the cultures
should be observed daily, differentiated colonies should be
removed, ané undiffereptiated colonies should be dispersed
as necessary (see Figure 38-5 for example approaches
fto be used for dispeision -of colonies with different
merphologies). - ‘

By the time the cells are growing on‘a 35-mm dish or a
six-well plate, it is usually sufficient to disperse 50 to 100
average-sized colonies to populate a new well. In 1 to 2 days,
it may be necéssary to disperse some of the larger colonies,
leaving the pieces in the same well: Usually, mechanical pas-

R MuinrenanceoFEstublishecl-hESo'.Cellthures’ ey Enoe eyt

; {eroww in pinel Al A blaisiotyst ofpoor quality, grade. 3, uidefiven
dai. C) The nexi day, 4l beirg plaiéd on the SMEF monolayer, i has atischied! [O} Fortyeigh. hours ofiet plating, the ICM appeors smale: possibly

oo of some call detih, [E] Four doys offer plaling, an oulgiowing group of
visible two derys later. [G] Tén Boys ofter ploling, & small colony of ESHke calls lamow] hos formed within ihis lotge group o differentiotedHocking - cells
nd is now ke enough b dispersion {) Original ICM outgrowth fwo days after it wos dispersed; note regrowth of small E5-Hike cells in the cleored orea
spession, (il Formaiion of ES cell colonies from the racombined first and second dispersion.

.. fibald .

[
L

{8l ihe rg-;nmrai of he zona pefir
éells is visbla with some:small cellsin the-middle. forrow); {F) which become

refain 0 Y

istic molecular markers (i.e, Oct-4, alkaliné phosphatase,
SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81), differentiate
into three germ layers in vitro and in teratomas, and maintain
normal karyotypes.

Newly derived hES cells may be successfully passaged
with trypsin as early:as.passage 2-3.from a four-well plate.
However, trypsinization-is.fot always successful, and several
attempts may be necessary before. the cells. are adapted. to
trypsing always keep a backup well of mechanically passaged
cells. : oo ‘ .
.The safest approach js to begin with a subconfiuent. 35-mm
well of 2 six-well plate of cologies with good morphology.
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Figure 38-3. Approaches Spe
desivotion when mechonical dispersion
ond can be mechanically passaged. [8):The calony that-hos few 5

<t

‘¢olonies: and. transfer them into

Mechanically pick:50°t 1
a new well'as a-backiip. Differentiated colonies may be
rempved inechanically ‘prioe to trypsinization. Trypsinjze the
rérmaining colonies in thie riginal well and plate into the same
diameter well. The cells should be ready for the next split in
56 7 days (Figure 38-6). For the second trypsinization; split
1:3: After this stép, the cells'can'usually be trypsinized rou-

et
gns of diferentiation.jomow}
port is easily seporoted fron surounding differentiated celis. {Cj Partially.differentioted, mubloyered colanies lthe cenlers aze thickeded and yellowis
an be mechanically dispersed into sevoral.smail pieces but may result in-both dilferenfiated end undifferentioted colonies. {D-F} Al
extensively diflétentiated; o thin fayer of diferenlioted cells covers them liks o-veil. They can be.cut info picces theough the iop celf
they moy yield undifferensicted colonies. [G-l).These colanies are badly differentialed, the arow an'ponel G shows o
the lorge differentiated arec. If this one must be saved; wokt a lew days for this group o, increase in size,

SISy Barkt A AN
and is surrounded by differentiofed

B

tinely. withoutlprdblems, but 'a-m..;:,é:h:a,nica_] backu[; always

should be maintained until the cells are frozen and. the.test

vials are successfully thawed.

Trypsinfzgtiqri ) o e
Generally, hES celis.recover from trypsinization better when
they .are. not dispersed ‘to single, cells but remain as small
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tlonied arg undiferentioied
sells; the undifferentioied

these colonies are more

loyer and passaged, and
group of ugdiffeeenﬁuﬁed cefls within -
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the days cher passtging, “and the dagree dilfaccatiol
itoally, 1C) Suspension of hES cells aher

egotes

umps of approximately 2.to 20.cells, The procedure works
enzymatic digéstion and pipetting; we-do the. pipetting

nglecell suspension.. The: time: in: trypsin required for the
s to détach viries depénding on-the hES .cell.density,
egree of differentiation;: age of the culture, temperature of
psin, and so on. Thefefore; instead of providing a fixed
cubation-time: in. wypsin; we recommend checking the
ppéarance..of the hES culture under the microscope and
'empirically working out the best incubation time for each
plate (Figure 38-7).

1. Warm the trypsin in a 37°C water bath; keep it warm umll
ready for the procedure.

> 2. Rinse the cells with PBS two ‘imes (1-2ml per 35-mm

‘ dlsh)

3. Add 1ml of trypsin to each 3S-mm dish. Jrcubate in the
hood at room tempemtme for several minutes, usually 2 to
3 mmutes, frequently chcckmg the ceils under the micro-

paintenance of Estoblished hES Cell Culures

v
replating onio frash PAEFs. Nore thal most cals are in smoll oo
2 abier plating lote 1:3 rofio} The lims ot which the flfs ‘.o.cﬂ-es ane’ seen MGy vory dep?nrhr-g on the sgliffing rakio ond the size of the cei

241 when hES cell colonies are dxspersed by a combination

bfore the- PMEF monolayer, -and the colonies tum into a .
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litle. {3) Alter

eading’on the densiry
! ry gads 16 e wosked o

 aggregates 10 Smail coloniés begir: © opgeot

scope. The cells are ready-for mechanical digpersion when
the PMEFs begin to shrink; the colonies should round up
but remain artached. Some cells may begin to detach and
~ foat (Figurgs 38-7A and 38-7B). .
4. Prepare a centnfuge tube w1th 10ml of ‘warm PMEF
. medium,

Note: It is necessary 1o use PMEF medlum 10 inactivate
the tfypsin becase our hES cell medium is serum free.

Tilt the plate and begif to gently pipette’ ‘the trypsin solu-
tion up-and down with an autométic 1-mi pipetteman (Gilson
type), pouring it over the cell monolayer at an angle: Properly
digested cells should detach easily, leaving visibie clear gaps
in the monolayer where the trypsin solution was poured. If no
such gaps appear, leave it for another | to 2 minutes ‘and tesl
again. Expect the monolayer to detach after several repeti-
tions. On cell cultures less than 5 days old, you should be able
1o completely disperse the monolayer, but if the culture is
older or very dense, there may be some undigested material
that can be discarded. Usually, it takes 5 to i0 pipetting

-



a litle overgrown ard show signs of differentiotion but skill can be safely

strokes to break:the colonies into small clumps of cells (see
Figure. 38-7C for the approxima;e_-c;lump size). -Extensive
pipetting should be avoided. . .

5. Transfer the txypsxmzed cell suspensmn irito thie prepared
centrifuge tibe; ceritrifupe for § minutes 4t 160g.

6. Aspirate the medium, and resuspend the pellet in hES
cell medium, again avoiding extensive pipetting to pfé-

serve small cell aggregates and lo replate at the desiréd’

ratio. The «colonigs: should .become visible in 1 to 2 days,

dcpendmg on the sphttmg ratio-and the: clt;mp size,(Figure”

'38-7D)...

Human ES "culiures” passaged with trypsin ‘¢an be- main-
taitiédt i an undifférentiated stats’, However, if condmons ate
in avorable becaus"'of changes in"media ‘quality, 2- sp’lmmg
ratic that is coo highor low, of probtems with PMEI- quality,

'the culturés can have a dcgreé of d:fferennatlon that should

be evaluated prior " the next trypslmzauon (F;gure 38-8). -
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Figure 38-8. Evoluation of the culture prior o rypsinization. [A ond B} Moslly §
passaged with irypsin. {D) Badly differenticted hES cells fon arrow poidis. ko
colony} cor sttt be rescued by mechanically picking colony pieces and gassaging. ’

-+ Many of .the estabhshed hES cells have low recovery rates . -
" tpon thawing, as low as. 0.1 to 1%. This may: be because of -
: the-method: ofi-passaging: the cells: Mechanical picking' or -

- efficiently as smaller:clumps: Trypsinized cells:in our lab ha
~arecovery rate of about 10 to 20%:or higher:and do not requi
.miore complicated ‘procedutes such:as-vitrification (Figure 3

in cells frozen in hES,cell growth medium w:th IO% DMSO, "

‘buuon of 0ct-4 and other markers of undlffere ated cells )

R\

undnfferenhu’ec! hES colls ore mady fox hypsxmmnon icl The.ooiu an

Freezmg hES Cells

usifig -collagenase digpersion..usually results in Trge c_eIL
aggregates, which presumably. do not get ‘cryopraserved. as

9).‘ RTETERE

FREEZ!NG MEDIUM

However. Oct-4 cxpressmn in tbe thawad ceils was lower than

were mdlsunguishable betiween thess twg freezmg conditions.
We routinely use the 90% FBS-10% DMSO medium.




Oct-4

od onio the same égmélqr plcre the dolonies shoild be teudv For the
split 1n 5-7 doys. [C and O) Trawed hES:cells show high ‘expression
i Oct4 and claline phosphatase. (E) same fiald as C ond D, DAPlsined

‘RFEZING PROTOCOL

elect a high-guality confluent culture with good morpholegy
for freezing. We also recommend taldng a picture of a sample
feld and staining for molecular markers characteristic of
“ndifferentiated hES cells for future reference.

Materials needed:

Chilled freezing medium: 90% FBS, 10% DMSO
Cryovials, labeled with the line, passage number, and date
« Cryovial rack (rack with ice reservoir by Coming)

« Styrofoam rack from packaging for 15-ml centrifuge tubes
—80°C freezer

Y 1. Trypsinize the cells; centrifuge in PMEF medium (see
?  earlier explanation).

¢ 2. Resuspend the pellet in the cold freezing medium. We rec-
ommend freezing une confiuent 35-mm plate per vial in
0.5ml of freezing medium. Work quickly and keep the
cells on ice after the addition of the freezing medium.

¢ 3. Aliquot cell suspension into prechilled freezing vials and
sandwich the vials between two Styrofoam racks; tape to
prevent the two racks from separating and transfer o a —
80°C freezer overnight. Transfer the cryovials to liquid
nitrogen for long-term storage.

Thawing hES Cells

Thawing hES cells is a relatively simple procedure. The main
rule to follow is to do everything quickly.

PREPARATION
1. Prepare mitomycin C-treated PMEFs a day before
thawing.

hES Cell Quality Conirol

2. Make a thawing mediom. We use 70% hES cell growth
medium supplemented with 2x hLIF and 8ng/ml bFGF
with 30% hES cell- or. PMEF-condthuned mediuin.

3. Change the mediutn ofi the PMEF plate to the thawing
medium; equilibrate in the CO, incubator for one hour, For
35- mmplates,use E.5ml medium; for four—weli plates, use
0.5-ml medium pér well. "

4, Prepare a 50-ml conical tube with 10 to 15 mi of warm hES
cell growth medium.

THAWING  © 70

1. Thaw the vial in a 37°C water bath. constantly agitating
while ensurmg that the'neck of the vial is above the water
level. Check the contenit of the-vial: after about 40 seconds
and at lO-second intervals unul only a small piece of ice
remains.

2. Quickly spray the vial w:“th 70%: isopropanol, then using
a 1-ml- pipetteman, ‘add warma BES ‘cell medium o the
contents of the vial dropwise with gentle agitation: Do it
quickly but very gently. Immed;ately iransfer the coniténts
ifito the prepared 50-mi tube with warm hES cell inediuny;
centrifuge at 160g for 5 minutes.

3. Remove the medium completely without touching the

" peflet.

4. Add 0.5ml of hES cell thawing medium, geatly resuspend
the cells using a 1-mi pipetteman {2 to 4 repetitions), and
transfer to prepared PMEF plates with equifibrated hES
cell-thawing medium. Spread the cells evenly throughout
the well by moving the plate several times in two direc-
tions at 90 degrees to each other; avoid swirling.

5. Check the cetls the next day; if there are many dead cells
or the mediam has changed color, change two-thirds of the
medium; otherwise, do not change it for another day.

6. The colonies usually begin to appear in 3 to 4 days and can
be ready for splitting in 5 to 10 days (Figure 38-7).

hES Celi Quality Control

Although the morphology of hES cells is often used {or eval-
uating the quality of the culture and its readiness for passag-
ing or freezing, this criterion alone cannot be used for an
assessment of ES cell pluripotency. Staining for the expres-
sion of Oct-4 or alkaline phosphatase even in colonies of
“perfect” morphology can resalt in one or both of these
markers appearing in the cells only at the periphery of the
colony. It is important, therefore, to regularly assess the cells
by analyzing the expression of markers of pluripotent cells.
We look at Ocr-4, SSEA-3, SSEA-4, TRA 1-60, and TRA I-
81 by immunostaining, or we perform an enzyme assay for
alkaline phosphatase. The procedures for such assays and
available antibodies are described elsewhere.

KEY WORDS

Cenditioned smedinm  Madium left in contact with caltured cells.
wsuatty for a prolonged perod of time.
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.38 Approaches for Denvahon and Maintenance of Human ES Calls: Detailed Procedures and Alternalives

lmmunusur;,er!. A methqd of removmg the trophec:ode:m of a  derivitions
blastocyst using annbodxes bound to me surface anngens of the tro- oy
phectoderm | and complement ’

PAIEF {primary | mouse cmbryonic fibroblasts) - A mixed. populauon‘
of eslls derived fron dispérsed mouse émbiryos and cubtured for 2
Jimited number of passages under conditicns. favermg the growth
of fibroblasts.
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Blastocyst Grading for Transfer
2

LPurpose: Assessment of day 5 embryos for uterine transfer. Use sterile technique
throughout this procedure.

Supplics Required
Stripping Pipets (MidAtlantio MXL3-275)
"The Stripper (MidAtlantic MXL3-STR) .

Embryo Aam-smmr
1. Remove culture dish from patient’s immbator and verify petient pame and MR #,
2. Using a stripper pipet, move embryos into assessment drops, ong embryo per drop.
3. Using 400X power on either ICSI scopes, record the degree of expansion, grade the
jnner cell mass and trophectoderm using the following system:.

of Expansion
EB1: The blastocoel filling less than half of the vohume of the embryo
EB2: The blastocoel filling greater that half of the volume of the embryo
3: The blastocoel filling the entire embryo with little to no expansion of the
overall size, :
A4 Fully expanded blastocyst
5: Hatching blastocyst
6: Puily hatched blastocyst

Inger Cell Mass Grading .
i At Tightly packed, compacted cells '

i B: Larger, loose cells

C: Small ICM .

D No distinguishable ICM

Tropheetoderm Grading
A: Many healthy cells forming a cohesive ap1thelium
B: Fewer cells

C: Very fow cells, larger in size




B I I,
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|
Transfer of Frosen Embryos or Gameted

" !

I
Purpase: Topropedyandsafelytranapoﬁmunmmm m-emblypa. Report any
tmusual or abnormal events immediately to the supexvisor or director and record in the
lsb diary. '

&

A. Shippipg
: L Charging the Shipper

DaypﬁortuMOfsl;ipper:

1. Fill_thcsMppu-withliquidnitmm

- Wait ten minutes and fill shipper again, |

3. RepaattheﬁningpromunﬁlabsorbmissatuqtcdandLMmmins
in canister. I :

3. Let sit overnigit,

Day of use: |

1. Fill the shipper with LN2 to verify the absarbeat ib saturated.

2. Before Joading the shipper, pour off remaining LN2 (ship only in
vapor phase — no liquid), |

. Transferring Embryos/Gametes to Shipper |

1. Fill black lab pan with liquid pitrogen to a depth of 1-2 incises,

2. memeteéfembmﬁumsmmgcmkmd immediately plunge
into LN2 filled pan. |

3 Vmiﬁrnnmaandm#onmvialornwtobfmt Two
embxyologistsmmtmthesamplas. i

4. Vﬁiﬁrthalthedataonthaoryottanspoﬂsheetmélchesthanme, .
number of specimens, etc. to be sent. Emqurqsulﬁngﬁ'omdonor

i
I
!
I
i
i

6. Close shipper and lock. |
7. Place shipper in shipping container along with pa tk. Inchude g
copy of the patient’s datasheets and the thaw protocol. Make sure the
. have been FDA labeled and, if donor gametios wers used,
that a copy of the FDA eligibility sheet(s) is a . Alsoincludea
copy of our FDA Specimen Labeling informatios sheet.
8. Close shipping container and call Fed-Ex for pickhp. Always ship
priority overnight, I

|
|
|
i
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From: Kathy Singh [mailto:KSingh@advancedcell.com]

Sent: Monday, May 10, 2010 11:09 AM

To: Gadbols, Ellen (NIH/OD) [E]

Subject: FW: New hESC Registry Application Request #2010-ADM-006

From: Kathy Singh

Sent: Thursday, May 06, 2010 6:09 PM

To:

Subject: FW: New hESC Registry Application Request #2010-ADM-006

Dear Dr. Gadbois, v : '

I have been able to obtain the information from the donating clinic you've requested helow for MA1356. I'm sormyfor-the- delay in
rasponse; the clinic records needed to be retrieved from their archived files, so this took some time. Pleass see my answers inserted
in biue below.

Thank you reviewing this. Please let me know if you have any further questions.

Kathy Singh

From: HESCREGISTRY (NIH/NIDCD) [mailbo:hescregistry@mail.nih.gov]

Sent; Thursday, Aprit 22, 2010 1:18 PM

To: Wikiam Caldwell; Kaﬂ:y Singh

Ce: HESCREGISTRY, (NIH/NIDCD) | - .
Subject: RE' New HESC Registry, Applicatlon Requgst #2010-ADM 006 . R

Hello Mr. Caldwell and Ms. Singh,

Thank you agafn for lhis suhmlssicm The ACD Workmg Group has conducted a prellrninary revlew of. this subm:sslon and has the .
following questions. Plsasa let me know if you are ahle to obtaln thls :nformaﬁon and documenmion If it not avallabla please pmvide
whawvef lnfonnatlon you can .
1.7A general descﬁpﬂon of the arrangements thmugh which the embryo used to derive MA135 was: donated inctuding the followlng
information; 1o iyon o, i

- Whether. ihe WF q:llnlv@(s) al.whlch !he embryo(s) was created was separste fram or afﬁilateq wlth ACT . o
The cijnic was 'separahe from A T.

- Whether the embryo(s) was ‘poor quality remainin' after PGDY tesﬁng. or clinicat grade embryo(s) and the prcoadures used for
identifying those embryo(s) and shipping them to ACT.
The embryos for this donation were exceltent (A).quality. We fallow. this general process for all.embryo-danations; The clinic.is
provided our IRB approved consert, which they then give to the patients who have expressed a desire to donate embryos they no
longer need for their reproductive purposes. The patient is given an opportunity to have her questions answered regarding donation.
After the consent is signed, the clinic contacts us and we arrange shipment. We provide a tank charged with liquid nitrogen.via
ovemight courier and the clinic uses that tank to transpart the embryos back to us. They ship to us the frozen embryos and
assaclated consents from which they (the IVF clinic) have redacted all identifying information; they replace the name with a code for
identification. (In this case the name was replaced with the code "Stem Cell 10"). Please see the cllmc’s two attachments,

L_:Bfastocyst Grading for Transfer” and “Transfer of Frozen Embryos™.

2. Copiles of the consents for clinical care signed by the doners of the embryo(s) {(with patient names rédacted).
Please see the clinic’s two attachments, “consent for IVF" and "consent for cryopreservation”.

=

53 Speciﬁc dates of theatiiént and embryo donation..-
"I hivé béén informed by the donating clinic of these three dates: patient started her IVF cycle on 12/2/05; IVF clinic froze the embryos
on 12/20/05; émbivos were:donated on 1107 ..

- aad

4. A copy of the research protocols.
See attached “Derivation Protocol” (which we wrote and still follow).

5. A description of any ethics review that was conducted regarding donation of the embryo(s) for research. Pléase also address



whetherACT or the donating IVF clinics are required to follow 45 CFR 46.

ACT's embryo donation consent was figorously and thoroughly reviewed and approved by our IRB. In January and March of 2006: The
consent was previously approved as well by our EAB which was chaired by Ron Green who is th Director of Dértmouih s Ethies -
Institute. and also included member Carol Tauer, who in 1994 was a member of thie NIH Hurfiahn F :
charged to make ethical recommendations for federal funding of research on infertility, pra-inph d nos| nd stem cell "
research. In 1998 she was.a member of the NiH Working Group on Pluripotentent Stem Cell R’esearcﬁ ‘that devéloped the spemﬁc
ethical recommendations for federally funded human embryonic stem cell research. Neither ACT nor the. donatlng slrmc was required
to follow 45 CFR 46. : oo

Thank you again and please let me know If you have questions regarding this request.

Sincerely,

Ellen Gadbols

Ellen L. Gadbois, Ph.D. e R e s
Office of Science Policy Analysis S R aln
Bldg 1 Room 218D

National Institutes of Health

voice: 3@1-594-2567

fax: 381- 492~9289

EEAY A e RPN . . . (. - ' - . L e e . tiEE .

From: Gadbols, Ellen (NIH/OD) [E]

Sent: Tuesday, March 23, 2010 4:22 PM

To: wcaldwell@advancedcell com; kslngh@advancedcell comt

Cc: HESCREGISTRY {NIH/NIDCD)

Subject: RE: New hESC Registry Application Request #2010-ADM-006

. . . . e . . N -

Hello Mr. Caldwall and Ms. Singh,

We have reviewed this submission under Section IIA of the NIH Guidelines and have found that this submnss n does ot
the requirements under that section. However, it is eligible for review under Secﬁon 1B of tha Guidelini

submission for analysis by the Working Group on Human Embryohie Stéin’ Calt Eliglbillty Reviéw Unider Section B Yodir st m]&slon
still appears as pending review on the NIH public website.

ﬁ.'.-‘

For our reeords, could you pleaasi.ele send me an assurence in acoordance w:th Sectnon IIB ofthe Gu»dellnes? Essential!y we need a
h-yoll g to'l follow‘ln -

i hereby assure that the emBryo from which the cell lme(s) identified in item 6 of the fonn wa;. derived- v as
donated prior to July 7, 2009, and the embryo: 1) was created using in vitro fertilization for reproducuve purposes

-and wag no: longer-needed for:this: purpose; and 2) was donated by individuals who. sought reproductive:treatment.
("donor(s)") who gave voluntary wiitten consent for the human embryo to be used for research purposes. The: -
applicant is advised that the Working Group of the Advisory Commlttee to the NIH Director will consider
submitted materials tak_mg into gccourt the pf'mclp[es arhculated in II(AY of ] theN"[H Gulde'llnes for -
Hiiman for Human Stem Cail _ ConSil '
informed consent process, including wntten and oral. commumcatlons, whether the donor(s) were: (1) tbrmed of
other available options pertaining to the use of the embryo ; (2) offered any inducements for the donation of the
embryo and.(3) informed 2bout what would happen to the embryo aﬂer the. donahon for research

Plaase oonﬂrm lhat you have reoeived this request and let me know if you have any’ queslions o o T R

Siricerely, - -
Ellen Gadbois s

Ellén L. Gadboi', ‘
office of Science Policy” ‘finalysis
Bldg 1 Room 218D

National Institutes.of Health .
voice: 301-594-2567

fax: 301-402-0230

From: HESCREGISTRY (NIH/NIDCD)

Sent: Friday, February 19, 2010 11:31 AM

To: wcaldwell@advancedcell.com; ksingh@advancedcell.com
Subject: New hESC Registry Application Request #2010-ADM-006

To: William Caldwell{Signing Official)




From: Katty Slogh

To: HESCREGISTRY (NIH/NIDCDY

Cet Wikiam Caldwell

Subject: RE: New hESC Ragistry Application Request #2010-ADM-006
Dabe: Wednesday, May 26, 2010 5:04:06 PM

Dear Dr. Gadbois,
1 am responding to your question below. The embryos were transported to us on April 19, 2007,
| will await your submission information later.

Sincerely,
Kathy Singh

From: HESCREGISTRY {NIH/NIDCD) [mailto:hescregistry@mail.nlh.gov}
Sent: Wednesday, May 26, 2010 11:56 AM

To: Kathy Singh

Ce: HESCREGISTRY (NIH/NIDCD); Wiltiam Caldwell

Subject: RE; New hESC Registry Application Request #2010-ADM-006

Hello Ms. Singh,

Thank you very much for your response and the blank consent form. {For the other submissions, if the redaction removes text
beyend the signatures, it would be helpful to have a blank form included as you did here.)

The Working Group has one further question: can you provide the date on which the embryos were transferred from the IVE
clinic to ACT? The Working Group would like to know how leng the donors actually had to change their minds about the embryo
donation, (We know that the research consent form was signed on 1/19/07, and the consent form states that the average time
period between signing the consent form and transfering the embryos ta ACT is twa weeks, but the Working Group would like to
know that actual time period in this instance.)

Thank you again for your assistance, We are hoping to have this submission ready for consideration hy the fuil Advisory
Committee to the Director at thelr June 10 meeting. That means the ACD Working Group will need to have this infermation very
soon in order to finalize their report to the ACD.

{ also will be sending you more information later today about preparing your submission for the June 10 meeting, and
information about the meeting itself, which Is public and can be viewed by webcast.

Sincerely,
Elien Gadbois

Elfen L. Gadbois, Ph.D.

Cffice of Science Policy Analysis
Bldg 1 Room 218D

Nafional Institutes of Health
voice: 301-594-2567

fax: 301-402-0280

From: Kathy Singh [mallto:KSingh@advancedcell.com]

Sent: Tuesday, May 25, 2010 6:13 PM

To: HESCREGISTRY (NIH/NIDCD)

Subject: RE: New hESC Registry Application Request #2010-ADM-006

Dear Dr. Gadbois,
| have been able to obtaln answers to the questions you asked. Please see my responses in black below. Thank you again for your
review,

Best,
Kathy Singh




