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hESC Registry Application Database
Detailed Listing for Request #: 2010-ACD-010

November 30, 2010

“hESC Reglstry Appllcatlon Search Results -

‘Request #: 2010-ACD-010
Status: = Pending

Review: ACD -

-Assurance: - Yes (Section II(B))
Certification: Yes

Organization: Cellartis AB

Org Address: Arvid Wallgrens backe 20 413 46 Goteborg Sweden
DUNS: 507705726 Grant Number(s):

Signing Official (SO):" Johan Hyllner / +46-31-7580902 /
johan.hyliner@cellartis.com

Submitter of Request: Katarina- Emanuelsson / +46-31-7580031 /
katarina.emanuelsson@cellartis.com

Authority:—— Yes

Cell Lines: 3 7
Available: 3

Previous #:
2009-DRAFT-025
2010-ADM-005

Switch to ADM

http://hescregapp.od.nih. gov/login/list.htm?DetailList=yes&id=25

Submitter Comments:(None)

Line #1: SA001
NIH Approval #:

Available: Yes

Embryo from U.S.: No

Embryo Donated in Year(s): 2001

Provider Name: Cellartis AB

Provider Phone: +46-31-758 09 00

Provider Email: info@cellartis.com

Provider URL: http://www.cellartis.com/

Provider Restrictions: No clinical or commercial use.

NIH Restrictions:

" Additional Information:

Line #2; SA002

NIH Approval #:

Available: Yes )

Embryo from U.S.: No

Embryo Donated in Year(s): 2001

Provider Name: Cellartis AB

Provider Phone; +46-31-758 09 00

Provider Email: info@cellartis.com

Provider URL: http://www.cellartis.com/

Provider Restrictions: No clinical or commercial use.

NIH Restrictions:

Aqditional Information: The karyotype for SA002 is 47XX (+13).

Line #3: SA002.5

NIH Approval #:

Available: Yes .

Embryo from U.S.: No .

Embryo Donated in Year(s): 2001
Provider Name: Cellartis AB

Provider Phone: +46-31-758 09 00
Provider Email: info@cellartis.com
Provider URL: http://www.cellartis.com/
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Provider Restrictions:- No cllmcalnr_commerclal use SR S

NIH Restrictions: . o

Supporting Documents:

Document 3: (PDF - 02/19/2010) Donor consents - Elements:

Feb 2010

| Procedure uploaded by D. Hannemann 30-Jun 2010

IIB'Assurence uploaded by D. Hannemann 13 Jul 2010

Additional Information:

Document 1: (PDF -02/19/2010) Summary of Supportlng Information -
Elements: 16 ,
Document 2; (PDF - 02/19/2010). IRB Application and Approval
Elements: 16

1,2,3,5,8,9,10,11,13

Document 4. (PDF 02/19/2010) Certn‘" cation of signed informed consent
- Elements: 7,16 )

Document 5: (PDF - 02/19/2010) Assurance of Conditions SA001,
SA002, SA002.5 - Elements: 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15
Document 6: (PDF - 02/19/2010) Making SA001 and SA002 fully
anonymous (un-tracable) - Elements: 6,10,14,15,16

Document 7: (PDF -02/19/2010) Cell Line Description SAOO1 Elements
7,16 :

Document 8: (PDF - 02/19/201 0) CeII Line Deseription SA002 and
SA002.5 - Elements: 7,16

Document 9; (PDF - 02/19/2010) Derlvatlon Characterization and
Differentiation of hESC - Elements: 16 ’
Document 10: (PDF - 02/19/2010) Sample Letter of SO - Elements: 16

Administrative Comments: SO certlf catlons updated by E. Gadbois 26

Email correspondence 30 Jun 2010 uploaded by D. Hannemann 30 Jun
2010

Informed Consen';t u’ploaded by D. Hennemann 30 Jun 2010

Certiﬁeeti,oh‘ of Signee Consent eploaded by D. Heﬁn_emann,30 Juﬁ 2010 |
Assurance of Cohditions epleaded by D. Hannemann 30 Jun 2010
Switched to ACD review per Dr. Lahdis b;l E. Gad_bois 8 July 2010

NIH Staff ler AnalysisUpIoaded by D. I-iaehemann 12 Jul 2010

Submitter Response email 13 Jul 2010 uploaded by D. Hannemann 13 Jul
2010

27 July 2010 Submltter Response emall uploaded by D..Hannemann 27 -
July 2010

19 August 2010 Submitter Response email uploaded by D. Hannemann 20

http://hescregapp.od.hih. g‘Qv/login/list.htm?DetailList=yes&id=25 : o 11/30/2010
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| Aug 2010

19 Aug 2010 email attachment - Donor Consent (English translation)
uploaded by D. Hannemann 20 Aug 2010

e 9"Aug*20*1 0-email attachment = Donor Consent (Orig Swedish) uploaded |
‘ by D. Hannemann 20 Aug 2010

19 Aug 2010 email attachment - Assurance of Conditions uploaded by D.
Hannemann 20 Aug 2010 :

24 Aug 2010 Email from submitter uploaded by D. Hannemann 17 Sept
2010 ‘ :

Administrative Attachments: .

Document 1: (PDF - 06/30/2010) Email Correspondence 30 Jun 2010
Document 2: (PDF - 06/30/2010) Procedure for Establishment of Lines
Document 3: (PDF - 06/30/2010) Informed Consent Form

Document 4: (PDF - 06/30/2010) Certification of Signed Consent
Document 5: (PDF --06/30/2010) Assurance of Conditions :
Document 6: (PDF - 07/08/2010) Record of decision to switch to ACD
‘Document 7: (DOC -07/12/2010) NIH Staff Summary

Document 8: (PDF - 07/13/2010) Submitter Response Email 13 Jul 2010
Document 9: (PDF - 07/13/2010) 1IB Assurance

Document 10: (PDF - 07/27/2010) 27 July 2010 Submitter Response.
Email . :
Document 11: (PDF - 08/20/2010) 19 Aug Submitter Response email
Document 12: (PDF.- 08/20/2010) Donor Consent (English) - 19 Aug

' email attacment ‘

I Document 13:. (PDF - 08/20/2010) Donor Consent (Swedish) - 19 Aug

email attachment , :
Document 14:. (PDF - 08/20/2010) Assurance of Conditions - 19 Aug
email attachment

Document 15: (PDF - 09/17/2010) 24 Aug 2010 email from submitter

Status History:
Draft: 10/21/2009
Pending: 02/1 9/201 0

| o " | Emails Sent: 02/19/2010-New_Applicaton_Email

Previous ADM Request Number: 2010-ADM-005

Switched from ADM to ACD Date: 07/08/2010

Reason for Switch to ACD Review: -
There are several elements of Section 1A that the administrative review
group believes are not clearly met by the documentation provided and
unlikely to be satisfied by further information from Cellartis: - Element 11:
[ _ During the consent process, the donor(s) were informed of the following:....
hESCs derived from the-embryos might be kept for many years. - Element
14: During the consent process, the donor(s) were informed of the
following... The results of research using the hESCs may have commercial
potential, and that the donor(s) would not receive financial or any other
benefits from any such commercial development.

There are other additional elements that are currently not met, but might
' : be met depending on further information from the submitter. There is also

http://hescregapp.od.nih.gov/lo gin/listhtm?DetailList=yes&id=25 : 11/30/2010
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an.added complexity that the donor couples were consented a total of four
= e —[times== - =l
Added By: Commons\HYLLNER On: 10/21/2009 | Last Updated
By: NIH\hannemannd On: 11/30/2010 | Record ID: 25 '
Total Record Count=1"*
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Signature of the Signing Official for Certification and Assurance Required
for hESC Registry Request -NIH Form 2890.
Updated: 07/01/2010
Date: 13" of July, 2010

NIH Stem Cell Registry:

I'hereby certify that the statements in the Request for Human Embryonic Stem Cell Line to be
Approved for Use in NIH Funded Research (NIH Form 2890), submitted by Cellartis (Catharina
Ellerstrom), and below, are true, complete and accurate to the best of my knowledge. Tam aware
that any false, fictitious, or fraudulent statements or claims may subject me to criminal, civil, or
administrative penalties (U.S. Code, Title 18, Section1001).

F further confirm that that I have the authority and/or rights pertaining to the human embryonic
stem cell line(s) identified in item 6 of the form to make this request for NIH review and
determination of eligibility for use in NTH funded research (e.g., I am the owner, deriver or
licensee or have written permission of the same te submit), Any and all restrictions on the use of
the stem cell line are clearly and completely identified in item 8 of the form.

Assurance Statements (mark the appropriate statement with an “X”; you may only check one
Assurance statement. ):

Assurance in accord with Section II(A) of the NIH Guidelines:

I hereby assure that the donation of the embryo from which the cell line(s) identjfied in
item 6 was derived was in accordance with the elements of Section IHA ) of the NIH
Guidelines on Human Stem Cel]l Research.

OR

__X__ Assurance in accord with Section (B} of the NTH Guidelines:

I hereby assure that the embryo from which the cell line(s) identified in item 6

of the form 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’.

OR

Assurance in accord with Scction H(C} of the NIH Guidelines:

' The applicant is advised that the Working Group of the Advisory Committee to the NIH Director will
consider submitted materials taking into account the principles arficulated in Section 1A} of the NTH
Guidelines for Human for Human Stem Cell Research, £5 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} offered any
indngemenss for the donation of the embryo ; and (3) informed about what would happen to the embryo
afridtivalidrena Bavke 28 research.

SE-413 45 Géiteborg, Sweden

Tel +46 317580900

Fax +46 31 75809 10

www.cellartis.com

VAT No.SE556613797101,




s®@cellartis

1 hereby assure that the embryo from which the cell line(s) identified in item 6
of the form was derived was donated outside the United States on or after

July 7, 2009, and the altemnative procedural standards of the foreign country
where the embryo was donated provide protections at least equivalent to those
provided by Section [i(A) of the NIH Guidelines on Human Stem Cel] Rescarch.

I acknowledge that I have read, understood, and agreed to the information provided on the form,
including the Instructions for completing the form, and the Certification, Authority and Assurance
provided above.

Johan Hyliner, CSO, Cellartis

Collartis AB

Arvid Wallgrens Backe 20
SE-413 46 Gdteborg, Sweden
Tel +463t 7580900

Fax +46 3175809 10
www.cellartis.com

VAT No.5E556613797101.




@

1(3)

Assurance of Conditions of Consent for human Embryonic Stem Cell lines
SA001, SA002 and SA002.5 (Subclone of SA002)

As responsible for the stem cell program at Sahlgrenska University Hospital and for
ensuring that the consent from the embryo donors whose embryos resulted in the
derivation of the SA001, SA002 and SA002.5 (subclone of SA002 accordingly having the
donor consent as SA002) human Embryonic Stem Cell (hESC) lines were obtained, [,
Charles Hanson, Associate Professor Sahlgrenska University Hospital along with Lars
Nilsson, Associate Professor attending physician at Sahlgrenska University Hospital at the
time of donation, hereby provide the following written assurance that the embryos used for
the derivation of the SA001 and SA002:

1. were created using in vitro fertilization for reproductive purposes and were no longer
needed for this purpose;

2. were donated by individuals who sought reproductive treatment (hereafter referred to
as "donor(s)") and who gave voluntary written consent for the human embryos to be
used for research purposes.

Furthermore, during the consent process:

a.  All options available in the health care facility where treatment was sought pertaining
to the embryos no longer needed for reproductive purposes were explained to the
individual(s) who sought reproductive treatment.

b.  No payments, cash or in kind, were offered for the donated embryos.

c.  Policies and/or procedures were in place at the health care facility where the embryos
were donated that neither consenting nor refusing to donate embryos for research
would affect the quality of care provided to potential donor(s).

d.  There was a clear separation between the prospective donor(s)’s decision to create
human embryos for reproductive purposes and the prospective donor(s)'s decision to
donate human embryos for research purposes. Specifically:

i.  Decisions related to the creation of human embryos for reproductive purposes
should have been made free from the influence of researchers proposing to

www.sahlgrenska.se
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sahlgrenska University: Hospital

2(3)
derive or utilize hkESCs in research. The attending physician responsible for
reproductive clinical care and the researcher deriving and/or proposing to
utilize hESCs should not have been the same person unless separation was not
practicable.

ii. At the time of donation, consent for that donation should have been obtained
from the individual(s) who had sought reproductive treatment. That is, even if
potential donor(s) had given prior indication of their intent to donate to
research any embryos that remained after reproductive treatment, consent for
the donation for research purposes should have been given at the time of the
donation.

ili.  Donor(s) should have been informed that they retained the right to withdraw
consent for the donation of the embryo until the embryos were actually used to
derive embryonic stem cells or uatil information which could link the identity
of the donor(s) with the embryo was no longer retained, if applicable.

e. Dunng the consent process, the donor(s) were informed of the following:
i.  that the embryos would be used to derive hESCs for research,
ii.  what would happen to the embryos in the derivation of hESCs for research;
iti.  that hESCs derived from the embryos might be kept for many years;

iv.  that the donation was to be carried out according to Swedish law on
Discrimination SFS 2008:567 (This law replaces the Swedish law on equality
(SFS 1991:433) and six other civil rights laws in force at the time of
establishment.) Those laws do not allow discrimination, any restriction or
direction regarding the individual(s) who may receive medical benefit from
the use of the hESCs now or at the time of establishment. Additionally,
referring to clinical matters such as who may be the recipients of cell
transplants, hESC lines SA00! and SA002 where derived for research
purposes only and are not for clinical use;

v.  that the research was not intended to provide direct medical benefit to the
donor(s),

vi.  that the resuits of research using the hESCs would be carried out under
Swedish law (at that time the Swedish law SFS 1991:115 , now replaced by
the law on Genetic Integrity SFS 2006:351. This law allows
commercialization of non-traceable (anonymous) human embryonic stem cell
lines), and that the donor(s) would not receive financial or any other benefits
from any such commercial development;

vii.  that the identity of the donor(s) would not be provided to researchers.

www.sahlgrenska.se
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3(3)
To the best of my knowledge, 1, Charles Hanson, Associate Professor Sahlgrenska University
Hospital along with Lars Nilsson , Associate Professor Sahlgrenska, attending physician at
Sahlgrenska University Hospital at the time of donation, hereby certify that the above
represents a true, accurate and complete description of the consent process used for the
donation of the embryos which resulted in the derivation of the SA001 and SA002 human
Embryonic Stem Cell lines. [ am aware that any false, fictitious, or fraudulent statements or
claims may subject me to criminal, civil, or administrative penalties (U.S. Code, Title 18,

Section 1001). /
,1‘/\

Charles Hanson, Assoctate Professor Date [OGI X T

Reproductive Medicine

Department of Obstretrics and Gynaecology

Institution of Clinical Sciences, Sahlgerenska Academy
Sahlgrenska University Hospital

S-413 45 GOTEBORG

SWEDEN
7
e
\—-— —
Lars Nilsson, MD, Associate Professor Date [V O ! 27

Reproductive Medicine

Department of Obstretrics and Gynaecology

Institution of Clinical Sciences, Sahlgerenska Academy
Sahlgrenska University Hospital

S-413 45 GOTEBORG

SWEDEN
www.sahlgrenska.se
Y Sahlgrenska University Hospilal
HR E GION . Clinical departmen! of repreductive medicine
—  VASTRA GOTALAND RS S 1 e Sl
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Summary of Supporting Information Provided for human Embryonic
Stem Cell (hESC) Lines SA001, SA002 and SA002.5 (subclone of
SA002) from Cellartis AB

Document 1: Summary of Supporting Information Pravided for human Embryonic Stem Celf
Lines SA001, SA002 and SA002.5 (subclone of SA002) from Cellartis AB

This document is intended as an overview of the information provided and also as an
explanation of how the given supporting information addresses the materials that has
been requested for the review of the hESC lines SA001, SA002 and SA002.5 for use in
NIH Funded Research.

While the consent forms alone does not in writing contain all the elements listed in
Section 1A of July 7, 2009 NIH Guidelines on Human Stem Cell Research. Additional
procedures at the Sahlgrenska University Hospital and assurance of those procedures
certify all elements 1-15 listed in Section llA. This is further supported by documents 2-
10 submitted herein.

Document 2: Ethical approval from the IRB

The derivation of the SA001 and SA002 hESC lines was conducted with the approval of
the Gothenburg University medical faculty research ethical committee,

This research project was originally approved December 20, 2000 (approval protocol #
0 507-00) for a culture period of the hESC lines of six months.

The research project was then re-approved September 17, 2001 allowing an extension
of the research for an additional two years (extension of approval protocol # G 507-00).

In February 17, 2003 the research project was re-approved again for an additional two
years {approval protocol # O 026-03).

April 14, 2004 the regional ethics review board in Gothenburg approved a
complementary application replacing the former applications (Approval protocol #Dnr
067-04), where as a harmonization step for the handling of human embryonic stem
cells the earlier time restriction for the cultivation of lines established before June 2003
was deleted.

The last IRB approval from 2004 serves as a good overview and a summary of the
approvals and is also the one that is now applicable for line SA001 and SA0D2,
Therefore this document is submitted to show that the lines were established under IRB
approval (right after the Swedish text follows an English translation}, document 2.

Document 3: Donor consents

Ali the IRB approvals, as listed above, were accompanied by updated donor consents.
The donating couple of the material for line SA001 and SA002 were asked for
extension of the cuiture time and eventually for a deletion of tha time restriction.

Appendixi:  The donor consent accompanying approval protocol # O 507-00; .

Appendix ii.  The donor consent accompanying the extension of approval protocol # O
507-00; .

Appendixiii: The donor consent accompanying approval protocol # O 026-03;

Appendix iv. The donor consent accompanying approval protocol #Dnr. 067-04.

Page 10of 3
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Document 4: Assurance of signing of consent for human Embryonic Stem Cell line SA001,
SA002 and SA002.5

This document is provided to assure that that informed consent from the donating
couples have been gained.

Document 5: Assurance of conditions of consent for human Embryonic Stem Cell line SA001,
SA002 and SA002.5

A letter of assurance was obtained from the physician responsible for the stem cells
project under the IRB from 2004 cerlifying that consent from the embryo donors whose
embryos resulted in derivation of hESC line SA001 and SA002 where obtained.

In addition to the other information, this document provides supporting information

demonstrating that the SA001 and SA002 hESC line was derived from human embryos:

1. that were created using in vitro fertilization for reproductive purposes and were no
longer needed for this purpose; and

2. that were donated by donor(s) who gave voluntary written consent for the human
embryos to be used for research purposes.

It also provides a written assurance that the principles articulated in Section 1A of the
July, 2009 NIH Guidelines on Human Stem Cell Research as well as the HHS
regulations for the Protection of Human Research Subjects (45 C.F R. 46 Subpart A)
were followed.

Additionally this document provides a written assurance that during the informed

consent process (written and oral) that the donor(s):

1. were informed of other available options pertaining to the use of the embryos;

2. would not be offered any inducements for the donation of the embryos; and

3. were informed about what would happen to the embryo after the donation for
research.

This document should therefore be considered as a demonstration that the derivation of
the SAD01 and SA002 hESC line was conducted in accordance with all the eligibility
requirements specified in Section 1B of the July, 2009 NIH Guidelines on Human Stem
Cell Research.

Document 6: Anonymity process for the SA001 and SA002 human embryonic stem cell lines

In November 2006 the regional ethics review board in Gothenburg approved the
request from Sahlgrenska University Hospital to make of line SA001 and SA002
anonymous. This process was also accompanied by an information letter to the donors
and a documentation of that this took place.

The enclosed documents (in document 8) in Swedish are all followed by translations in
English:

1. "Angaende avidentifiering av humana embryonala stamcellslinjer’/"Regarding
process of making human embryonic stem cell lines anonymous

2. SAQ02 - *Avidentifiering av humana embryonala stamcells linjer”/ "Anonymity
process for human embryenic stem cell lines

3. SA001 - "Avidentifiering av humana embryonala stameells linjer’/ "Anonymity
process for human embryonic stem cell lines

4. “Information angéende avidentifiering av donerat material"/" Information
regarding anonymity of donation material”

Page 20of 3
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Document 7: Information about human embryonic stem cell line SA001

This document is provided to give an overview regarding the characterization of cell line
SAQ01 and furthermore to confirm the embryo source being frozen IVF surplus
material, (see "Summary of characteristics of LOT AK001"). Regarding the sequence of
events for a given donor{s) during the time of donation, the date of first signed informed
consent was March 6, 2001 for SA001, see document 4. The cell line was estabiished
March 20, 2001, see “Summary of characteristics of LOT AK001” document 7 and
document 4.

Document 8: Information about human embryonic stem cell line SA002 and SAD02.5

Document 9:

Document 10

This document is provided to give an overview regarding the characterization of cell line
SA002 and SAD02.5 (subclone of SA002) and furthermore to confirm the embryo
source being frozen IVF surplus material, (see "Summary of characteristics of LOT
AL002"). Regarding the sequence of events for a given donor(s) during the time of |
donation, the date of first signed informed consent was May 6, 2001 for SAQ02, see

document 4. The cell line was established May 21, 2001, see "Summary of

characteristics of LOT AL002", document 8 and document 4. The information regarding

the time line for the donation and the establishment is the same for cell line and

subclone SA00.5 as for its mother line SA002.

Heins - Stem Cells. 2004,22(3):367-76.

The derivation of the SA002 hESC line, along with six additional hESC lines was
published in 2004. This to provide as an example for the establishment process of
hESC lines at Cellartis at this time.

Heins N, Englund MC, Sjéblom C, Dahl U, Tonning A, Bergh C, Lindahl A, Hanson C,
Semb H., Derivation, characterization, and differentiation of human embryonic stem
cells., Stem Cells. 2004;22(3):367-76.

: Sample Letter of SO

Page 30f 3




Translation of application fo the regional ethics review board in Gothenburg.
Dr. Boo Edgar, 2005-03-23

The regional ethics review board in Gothenburg
Aft Inger Hellstrém

Dept Intermal Medicine

Box 454

405 30 Goteborg

Regarding addition to the ethics applications 2000-11-20 # 507-00, extension for 2 years (2001-09-17,
# O507-00,) G026-03(additional extension for 2 years) 0025-03 and 5454-03

The stern cell research at the medical faculty at, Sahlgrenska Academy, was initiated through an
Ethics application autumn 2000 (2000-11-20, #507-00).The application was approved, but with an
imitation that the stem cells should only be grown for 6 months. This has later been extended through
additionally approved applications on 2 years extension (0507-00 and $026-03). Under these ethics
applications have 20 embryonic stem cell lines been established. These lines are traceable to the
donors through a special registry, which is administered by the dept of obstetric and gynaecology.

With the ethics permission 2003-05-19 (# 0025-03) the establishment of non-fraceable stem cells
where additional patient approvals may not be given. These cells may also be sent abroad to other
researchers.

In 2001-02-13 the ethics research committee at Uppsala University permitted the establishment of
human embryanic stem cells without a time restriction (Ups00-536).

Through an additional decision 2003-10-21 (#5454-03) it was permitted that cells could be sent to
Canada as part of a research collaboration without additional informed consent by the palients.

Under 2003 we have been asked by several collaborative researchers, and we are contractually
bound to deliver human embryonic stem celt ines to the NIH registry and researchers aftached to the
Juvenile Diabetes Research foundation. As the donors are increasingly frustrated of signing informed
consents, being seen to be identicai with earlier documents, and that we researchers consider it to be
illogical that different stem cell lines have different ethical principals for there use we would like to
harmonise the handling.

The routines for the established cell lines should be compared to other cell fines of human origin that
are used in resaarch across the world, for instance tumour cell lines from ATCGC . The practical
process is that this letier and the informed consent form the addition to the ethics approvals as above.
Some of the cell lines will be traceable from practical reasons, the NIH lines when it is necessary.
Restrictions for other researchers are govern by the law in the respactive country and one of the
Sahlgrens Academy approved ‘materials transfer agreement’ where the receiving research group
cannot send the cell lines to another group, sell the cell iine and that we may ask the group to retum
the celline should the Swedish law demands that.

Gothenburg February 3" 2004

Christina Bergh Lars Nilsson
Professor Docent Head Physician
Reproductive medicine Reproductive Medicine

SU/Sahigrenska Sl Sahlgrenska



For the stem cell group



Transfation of decision of the regional ethics review board in Gothenburg.
Dr. Boo Edgar, 2005-03-23

Professor Anders Lindatbl Gateborg 2004-04-14
Dept of Clinical Chemistry/Transfusion Medicine BR/in
SUfSahlgrenska

413 45 Géteborg

Let it be known that the application Dnr 067-04 adds to/replace the earlier application Dnr ¢ 507-00 and O
026-03.

As a harmonization step for the handling of human embryonic stem celis are the eatlier time restriction for
the cultivation of lines established before June 2003 deleted. This should also be noted in a special
remark in the patient information to concerned donors.

Best regards,

Bo Risberg
Professor
Academic Secretary



i Sahlgrenska UnlversitEtSSjukhuset

GYNEKOLOGI OCH REPRODUKTIONSMEDICIN .

January 8, 2009

Concerning research on human embryonic stem cells established at
Sahlgrenska University Hospital:

Informed consent from the donating couples have been gained for stem cell line SA002 and
SA001 were the [RB approval concerning the human embryonic stem cell lines applies (Dnr
067-04; Records from meeting April 14, 2004). SA002.5 is a subclone of SA002 and is
therefore covered by the donor consent of SA002.

Summary of Donor Conscnt Details

Cell Ethical Establishment | Dale of Date of last | DBoxes ticked in the last signed donor consent form
line approval | date first signed | signed
nr. from [RDB informed informed
conisent consent We permit that | We do not We wish to be
these stem permit that contneted
cells are sent these stem cells | prior to any
abroad for are sent abroad | new research
research for rescarch purpose.
purposes. purposes.
SAMM | O 507-00, | 2001-03-20 2001-03- 2004-12-
0026-03, 06 06 Yes No No
067-04
SA002 | €)307-00, | 2001-05-21 2001-05- 2004-11-
O026-03, 06 27 Yes No No
067-04
PR
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N 7 /
-Christina Beggh
Professor

Reproductive Medicine

Department of Obstetrics and Gynaecology
Institution of Clinical Sciences, Sahigrenska Academy
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This is a translation from the Swedish original (0507-00) presented to the donor couple.

Sahigrenska University Hospital
Division of Women’s Healthcare, Urology and Oncology 2000-12-04 eaf

Patient information

Regarding human embryos and the culture of stem cells

In vitro fertilization (IVF) nommally results in supernumerary fertilized eggs (embryos), i.e.
more eggs than what can be transferred back to the woman at the time of treatment are
obtained. If those embryos are considered normal after a microscopic inspection, they are
frozen and can be transferred back to the woman at a later point of time if so desired. If the
fertilized eggs are of low quality and it is concluded that they are either not suitable for
transfer 1o the woman or that they would not survive the freezing and thawing procedure, they
are currently destroyed. Those embryos can however still be useful in a research context.
Some of those embryos can be maintained in cuiture for 5-6 days, and if cells are isolated
from those cultured fertilized eggs, those cells can develop into a variety of cell types, like
nerve cells, muscle cells or different types of blood corpuscles. We believe that in the future
this will be an important way of producing cells that at a later stage can be transplanted to
patients suffering from injuries after accidents (spinal cord injuries, joint injuries) or diseases
such as heart attacks.

In the current project we will only develop techniques making long term culture available of
those otherwise destroyed cells. The cells will not be used for any clinical purpose. The cells
will be destroyed after the completion of this study. Your participation in this project is of
course totally voluntary, and if you decide not to participate this will not under any '
circumstances affect the medical care given to you. You can, at any time, and without further
explanation, terminate your participation

Further information can be gained form.

Lars Nilsson Christina Bergh

Associated Professor, Chief Physician Associate Professor, Care Unit Chief Physician

Phone: 031-342 1000 ext. 7893 Phone: 031-342 1000 ext. 7452

[ ] -was taking the initiative to this study and he will also be happy to

answer to questions relating to embryonic stem cells, the risks and possibilities of those for
the future. Telephone: L J

Women’'s Health Care ' Telephone: C_ J
Sahlgrenska University Hospital/Sahlgrenska Fax:i( 4

C ] C 13-



Appoadir pase. 2.

Culture of stem cells from human embryos

1 have been informed orally about the study and have read the above written information. |
am aware that my participation in the study is completely voluntary and that I can terminate
my participation at any time without explanation and this will not affect my care taking.

Date

NEME oiiviiiviiitirerrnerastaeiees sressiesssssersisieestaiiasieane

Name (Print)

Kvinnosjukvérden Phone: - ( J-'
Sahlgrenska University Hospital / Sahlgrenska Fax: C 3

_} i GOTHENBURG email: [ J
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This is a translation from the Swedish original (0507-00) presented to the donor couple.

Sahigrenska University Hospital
Division of Women’s Healthcare, Urology and Oncology

Regarding human embryos and the culture of stem cells

In connection to your [VF treatment (date to be inserted)............. you donated
supernumerary embryos for stem cell research. The information you then received stated that
the cells would be destroyed after about 6 months in culture. This time is now approaching.
However we wish to continue the culture of those cells o get a better understanding of the
stability of the cells during long time culture. We would hereby like to ask if you approve
those cells to be cultured for an additional two years. We are grateful for your return of this
form after signing.

We permit that our cells are cultured up to 2 years
We do not permit that our cells are cultured more than 6 months.

(Please, mark the selected alternative with a cross)

Further information can be obtained form.

Lars Nilsson Christina Bergh

Associated Professor, Chief Physician Associate Professor, Care Unit Chief Physician

Phone: 031-342 1000 ext. 7893 Phone: 031-342 1000 ex1. 7452

[ : Jwas taking the initiative to this study and he will also be happy o

answer to questions relating to embryonic stem cells, the risks and possibilities of those for
the future. Telephone: [ ' ]

I have been verbally informed about the study and I have read and understood the above
writien information. I am aware of that my participation in this study is totally voluntarily and
that I can, at any time, and without further explanation, terminate my participation, without
affecting the medical care given to me.

Date

Signature........covvuvviiiirireniia

Clarification of signature

Women’s Health Care Telephone: 1

Sahlgrenska University Hospital/Sahlgrenska Fax: - 3
[ ]:Gothenburg email: { ) ]

®
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This is a translation from the Swedish original presented to the donor couple.

Women’s Healthcare, Sahlgrenska University Hospital
Field of activities; Reproductive Medicine

Regarding human embryos and the culture of stem cells

In connection to your IVF treatment in 2001, you donated supernumerary embryos for
research purposes in the field of stem cell research. The information you then received stated
that the ceils would be destroyed after about 2 years in culture. This time is now approaching.
However we wish to continue culturing of those cells to get a better understanding of the cells
stability and their ability to differentiate to different cell types at long time culture.
Continuous handling of the cells will be carried out according to Swedish law and the
governmental decisions such as the new law on biobanking. We would hereby like to ask if
you approve those cells to be cultured in additional up to 2 years. Grateful for your return of
this form upon signing.

See. .Q 5
We permit that our cells are cultured up to 2 years Qo
We do not permit that our cells are cultured more than 2 years -

A sons\odnon

(please, mark the selected alternative with a cross)

C.o e o

Further information can be gained form.

Christina Bergh Lars Nilsson

Professor, Care Unit Chief Physician Associated Professor, Chief Physician
Phone: 031-34223 75 Phone; 031-342 13 23

E ' ] -was taking the initiative to this study and he will also be happy to

answer to questions relating to embryonic stem cells, the risks and possibilities of those for
the future, Telephone: { J

1 have been verbally informed about the study and I have read and understood the above
wrilten information. I am aware of that my participation in this study is totally voluntarily and
that [ can, at any time, and without further explanation, terminate my participation, withous
affecting the medical care given to me,

Date
Donorl .ovcviiiiiiiiiie e rrenaes Donor 2 ........
Clarification of signature

Women’s Health Care Telephone: { 1
Sahlgrenska University Hospital/Sahlgrenska Fax: 1
( J Gothenburg email: C o 4
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This is a translation from the Swedish original presented to the donor couple.
Translated by Mikael Englund, PhD, 2004-10-06

Women’s Healthcare, Sahlgrenska University Hospital
Field of activities; Reproductive Medicine

Patient information

Regarding human embryos and the culture of stem cells

In connection to your IVF treatment in 2001, you donated supemumerary embryos for
research purposes in the field of stem cell research. The resulits that have been generated o
date or that will be generated in the future as a result of this research on these embryos, for
example stem cells, might be used in further research and development of pharmaceutical
drugs and methods of treatment of severe widespread diseases. This research includes the use
of stem cells for analyses of metabolism and toxicity, as well as directing stem cells towards
more malure cells like neural tissue, connective tissue, heart and liver cells, and insulin
producing cells. The aim is that such research shall make it possible to treat, and hopefully
cure, patients with severc diseases like heart infarction and diabetes, or patients subjected to
severe accidents that have generated spinal cord-, or joint injuries.

This research does not only take place in Sweden, but also internationally. We now wish to
share (he stem cells that have been developed through research on your donated embryos, to
stem cell research groups in other countries,

The progressing handling of the stem cells will be in accordance to Swedish law. The cells
will be cultured for the time being, and can not be traced back to you by any person not
directly concerned, while the key to the code is only available at the Institution for Women's
and Children’s Health. We hereby ask you if you permit that the stem cells we have
developed from the supemumerary embryos you have donated are sent to research groups
abroad for the research purposes.

We are grateful if you resend this form after signing.

SAHLGRENSKA UNIVERSITY HOSPITAL
FIELD OF ACTIVITIES; REPRODUCTIVE MEDICINE

Christina Bergh Lars Nilsson
Professor, Care Unit Chief Physician Associated Professor, Chief Physician
Phone: 031-342 23 75 Phome: 031-342 13 23
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&

T have been verbally informed about the study and I have read and understood the above
wrilten information. [ am aware of that my participation in this study is totally voluntarily and
that I can, at any time, and without further explanation, terminate my participation, without
affecting the medical care given to me.

We permit that these stem cells are sent abroad for research purposes. 0

We do not permit that these stem cells are sent abroad for research purposes. a

We wish to be contacted prior lo any new research purpose. O
Date...ccovvneiiniiiineienns P

Signature.........cocoviiiinnen e e ereeree et tara s o

Clarification of Signature...........coovveeniinsnnaeennes social security number...............o
Signature......... P TS

Clarification of signature............... e reeerraeeaenes social security number......coceevnieennn,




- Regional Ethical Ravnew Board

“This is a translation fr
regional institutiona

Novembﬁr 13, 20()();;

Gotherburg, 7 November.2006

Bo Risbery; Professor, Scientific Secretary

‘Gothenburg
Department of Medicine, Box 454
405:30'Gothenburg

time of astablishment, while the stem-gell 1 o}z
This means that the-traceable lines can be traced ta tha donatmg coupie by hnkmg three separate
‘databases, _

‘would considerably simplify the

Approval stamp Rawe‘ ¢! *‘dap ron‘a&&&ecratary matter. 2006-11:18
' ? clentific-Secrelary
“thical Review Board in Gothenburg

Regarding process of making human embryonic stem cell lines anonymous.

The human embryomc stem call lines, establ
between Sahlgrenska University Hospit

= 6‘“ of June 2006, in the sollaboration
WG salready atthe

Due to the ¢hangesin the: Swedish law eﬁabhng braader work-on human embryonic steimn. call lines
riiade anonyiious incomparison to the traceable we wish to make some of fhiose traceabl
anonymivis, (. grasethelink to the: donatmg couplein the database, Makmg the lines:
dling surrounding the stem cell lines and enable resea ,
big pharma and biotech companies, which' perm:ts new doors for the:stem cell research {o be-opened.

Ala meetmg between the depart entof Reprociuctwe medicing (SU) Cellartis and Professor Bo
¢ 8o tiation of the: process of makmg the stem cell Imes anonymous

¢ stom coli lines”,

i ling :
and dre described inthe enclesed "An ym:ty pmr:&ss fc}r human embryom

The doriating ca’u;:iié' will be%mformeci. by latta'r —that a':total,anmymﬁy process has been carried out.
The dopuments for the pmcess of making the stem cell fines anonymcus will be:signed by the
labisratory manager at the IVF elinic, practically carrying out the process, by the-Chief Scientific Officer

at-Cellartis ABand by the responazble physicxan for the stem-cell project at Sahlgrenska Unwersnty
Hospital,

Béstragards,

Christina Bergh, MD, Professor

Department of Obstetrics and Gynaecotagy
Sah grenska University Hospital



Gothenburg 5% of June 2007

Anonymity process for human embryonic stem cell lines

The ster cells linos established in the collabaration between Sahigrenska Uriversity Hospital (SU) ancizc-eliarﬁs
afterthe 16" of June, 2003-are anonymoys, i.e. the material cannot be traced back 1o the dongting coupls. The
stem-cell-lines established-before this date are traceable -and could: by linking three separate databases be:

traced back to te donors. Due to.a change in the Swedish.law today allowing a brodder use for fion-traceahle

lings comipared 1o traceable’ “ we hereby aim to make some of those traceable lines anonymous, i.e: erase the
link:{o the denating couple. This will considerable simplify the handiing surrounding the stem cell lings and
enable research also-for pharmaceutical and bietech companies, which increases the possibiities for stem call
rasegreh: '

_Data storage of traceable stem cell lines : o
The three different data'bases:) ¢ Information regarding the establishment of the stem cell lines-is-stored-are;
the patient file, tha VF-treatment tegistry number; and the Blastocyst régistry for research, figlire 1.

Data base 1'is only accessible to-SU personnel that are not directly connected to the stem cell praject. On
this data base the patient data-is connested to the patient treatment number (VF-treatm ent registey. number)if
the donated fertilized eggs reaches the blagteyst stage (day 5-7 after fertilization) the are given-a blastocyst

-number. At this stage the bldstocysts are moved physically fo another. building for continuous culture.

In Data-base il the IVF-number 1§ linked to a blastocyst number. Here information regarding the culture
conditions and the results fromi the cultiire of the fertilized eggs are stored. No information regardifiy the patiant
319?;@0{@%?@; needed for the IVE trealmient is stored here. Only two persons have access to this data base, Dr
If the-establishment of a stem cell line 18 successful the blastocyst number also:becomes the number of the
stem cell line, this information is stored in data base i, which is physically located at Cellartis AB, The persons
having access to data base | do not have access 16 data base Il and cgn therefore not acethe patient
information, '

Sahigrenska University Hospital (SU)

,, ',Qatat.hafsé.i ««m_—)»

Patient data
IVF:tiumber

Figure 4, Descrption of how palisat information, IVE-number ¢ : e
data bases. The personnelhaving authorization to-access data base 1l do not have access fo data hase Il and
can therefore nottrace patient informiation; : : oo

! Prop. 2005/06.64, Genstisk Integritet (Sveriges Riksdag)/Genetic Integrity (Swedish Government)
“Prop. 2003/04:148 Stamcellsforskning (Sveriges Riksdag)/ Stem Cell -R*esearch (Swedish Goverament)

Versiorn 070605 : H2)



Making thetraceable stem cell lines anonymous

To make the the traceable sten céli-lines anonymous, it is requ:red that the link between data. base | and data
base |l ig erased. This.is done by erasing the IVF-numberfrom data base . Only two persons, Dr: Kersti Lundin
and Mrs Anita Sjogren, have access to-this data base. The erasing will be carried out by those two persdns
together,

m concordance with existing law Lars Nilssor confirms, as the only person that has been in direct contact with
the-dondreouplé that the matter is fow under secrecy. _ .

‘Making Stem Cell Line SA001 Anonymous:

Sterm cell ine SAQ0T, have the , . 2007 béen made anonymous by erasing of the IVF-number
from data base.ll, aceording 16 the pmsceqs descrtbed -abve.

The donating couple has by iettar'be'en informed that the stem cell line will be.made anonymous.

Namné anci empfoyment 7,  Daia‘ place

" Departiment of Obstretrics and Gynaecomgy
Sahlgranska University Hospital

 Name and employment, "~ Date, place
<‘

- “Départment of Obstretrics and Gyngecolagy

Sahlgrenska University Hospital

Name gnd simployment; Date, place
Lars Nilsson, MDD

Department of Obstretrics and Gynascoiogy

Sahlgrenska Unhversity Hogpital

Name and employment: Date, place
Christina Bergh, NID, -professor,

Department-of Obstretrics and Gynascology

Sahigrenska University Hospital

Version 070605 2(2)




Gothenburg 30" of January, 2007

Anonymity process for human embryonic stem cell lines

The stem cclls lines established in the calfabcrcatiori betwaan: Sahtgrenska University. Hospital (SU) and Cellartis
after the 16" of June, 2003 are ananymous, i.e.. the-material cannot be fraced back to the donating couple. The
sfem cel imes estabhs ed before tms date are traceaﬁle and cauld by lmk ng three separaf@ databases ba

hnk to the donatmg caupie This will yconsrderabie snmplify ihe handhng surmundmg the stefn ceil knes and
snable research also for pharmacieuticai ‘and biotech companies, whlch increases the possibilitiss for stern cell
regearch.

Data storage of traceable stem cell lines
“The three diffsrent data bases where information regarding the establishment of the stem cell lines is stored are;
the patient file; the IVEtreatment registry number, and the Blastocystragistry for resean:h figure 1.

Data base Iis only accessible to SU personne[ that are not directly connected to the stem cell project.-On
this data base the patient.data’ls connected to-the: patient treatment number (IVF-treatment regzstry pmber) if
the donated fertilized. eggs reachss the blastcyst stage {day 5-7 after fertifization) the are . given a blastocyst
nummber, At this stage the blastocysts are moved physically to-gnother building for-continuous gulture.

m E’ﬁst& base If ’th@ lVF«numbe hnked to | blastocyst number Here mfrsrmaﬁon regardmg the culture

I the estabilishment of”a ‘stem gell ine & successful the blagtodyst number dlgo becomes the number.of the
‘ster cell fine, this information is stored in data base I, which ig physically located at Cellartis AB. The persons
‘having accesy to data-pase Bl do not have aceass 1o data base (1 and ¢an therefora not trace the patient
Information,

~

-Sahigrenska University Hosphtal (8U)

- #atient dé_éa
e
AVF-number

F‘igure 1, Dgscnptzcn of bow paﬁent 'formaf/o, lVF-numbe: och biastocyat number is stomd in‘three wpafaf?s
date bases. The personnel having authorization fo-access data base lll do not have acvess to'data base 1 and
pah therafore not‘ trace patientinformation.

“prop. %005/06:64, Genehsk 1ntegrstet (Bveriges Riksdag)/Genetic Integnty (Bwaedish (:overnment)
* Prop. 2003/04: 148 Starncalisforskning (Sveriges Riksdag)/ Stem Cell-Research (Sweadish-Government)

Version 070130 142)




Making the traceable stom cell lines anonymous

Tomake the the traceable stam ce!l fines: anenymous, itis required that the link between data base 1 end data
base |l 1§ erased. This is done by: érasiﬂg the IVF-number from date base 1l Only wo persons, Dr Kersti-Lundin
and Wis Anita Sjégren, have access to'this data base. The erasing will be carried out by those two pefsons
Together.

in concerdance with existing law-Lars Nilsson confirms, as the c)nly person-that has been in dirsct c:onfact with
the donor cotple that the matter is now under secreqy.

-Making_&" m {

‘Stem cell ling SAC02, have the 200? been. made anonymous by erasing of the (V- number
from data base I, according to the process descnbed abovea

The donating couple has by letter been informed-that the. stem celf line will be made-dnonymous.

- ‘Namme anﬂempioyment o Date, place =
b

Bepsrtmesm of Gbs@ref“ fcs and Gynaecoiagy

Bahigrenska University Hogpital

'Némiaﬁd—'emré¥QYHﬁ?ﬁﬁ;, T ' Date, place

) Dép?}l’tmé of iﬁbs‘tfefﬁcg and Gynagcology
Sahigrenska University Hospital

Name and employment: - Date, place
Lars Nitsson, MD ‘ : o
Peépartment of Obstretrics and Gynaecology

Sahlgrenska University Hospital

Name ang.employment: o Date; place
Christina Bergh, MD, professor;

Department of Obstretrics and: Gyraecology /

Sahlgrenska Yniverasity Hospital -

Version 070130 2(2)




Wﬁmé‘n’s Héaifh’ Care, Sahlgrenska
Dapartment of Obstetries and Gynaecology/Reproductive Medicing

Gothenbuig, date:monthy, year

Information regarding anonymity of donated material

;far as weil as’ future resu ts

Gt stermicellsinto mbre matura cei

Dear patient,

The' résults so far achieved within:stent cell researeh looks very promising and we hope that we can continue
this research-with the best of fesources. Due to the:changes in the Swedish law enabling broader work on non-
identifiable: human embrycmc’ stemicell lines in comparison-to material possible to trace, we will rémove any
links to-the donors identities, i.g.erase the firk to you that has.only been available at the Institution for Clinical
Sciences and-which-has prewousiy linked you fo the stem-cell ling.

With. this 1€ eiter of Information we wish.to._inform you bt at_the material donated in. connection fto. your IVE
: : - o ss maggs the donated 1 m«gﬂ; arial can never be

The research within the: e.,tezm cel

_ ralopT and tré:atm@nt method@ of sérious: dlseases
,cel s for metabgtlsm &l Xicity studies and the-directed: diffarentiation
ch as rieuronal tissue, connective lissue, hearttells, liver cells. aned ingutin
‘s to enable treatment of xmport wt pathological conditions Such as

The reaearc:h cempnses the dée

producing -cells. The aim: of this res

‘heart altack and diabetes or seficus acoidents including spinal cord and joint | njurzes

We thahk youfor yourgoliabaration. If you have any further questions or enquiries-please contact Lars Nilsson

Best Regards,

»Lar‘s—NEis’so'n; 1)

Departient of Obstetrics and Gynaecalogy,
Sahigrenska University Hospital

Tin: 031:342 1923

RIE6; (



@ cellartis
hESC line SA001, LOT AK001

Human embryonic stem cell line SA001,
LOT AK001

Background

For the purpose of sz wire fertilization
(IVF) ftreatment of patients suffering from
involuntary childlessness, human embryos are
created at the IVF clinics using conventional
IVF-techniques. Supernumerary embryos may,
after written informed consent from the
donors, be used for research purposes, such as
for derivation of human embryonic stem cells
(hESC). The hESC derivation process at the

Summary of characteristics of LOT AK001

CONFIDENTIAL

Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Goteborg, SWEDEN

University of Goteborg, Sweden and Cellartis
follows all applicable laws in Sweden and is
approved by the Local Research Ethics
Committees at Goteborg University and
Uppsala University.

Donor confidentiality

In order to protect the privacy and the
confidentiality of the donors, all identifiers
associated with the embryo donors have been
removed. Thus, no information about the
donors is accessible. Notably, the donation did
not result in any financial gain for the donors.

Parameter Passage Result
Embryo source - Frozen, surplus from IVF
hESC line derived - March 20, 2001
Procedure for isolation of ICM cells -- Immunosurgery
LOT preparation pl3 >100 vials
Thawing recovery rate pl3—pld 100 %

SSEA-I p3l Negative
SSEA-3 p3l Positive
SSEA-4 p3l Positive
TRA-1-60 p3l Positive
TRA-1-81 p3l Positive

Qct-4 p3l Positive
Alkaling phosphatase p3l Positive
Karyotype p52 46, XY

FISH (X, Y, 13, 18, and 21) p32, p5l Diploid, XY
FISH (12 and 17) pSl Diploid

MLPA (sub-telomeric regions) p26, p4% No remark
Telomerase activity p27 Positive
Pluripotency ix wive p29, p45 Endo-, ecto-, mesoderm
Pluripotency iz wie pl9 Endo-, ecto-, mesoderm
Mycoplasma p24 Negative
Human Immunodeficiency Virus type 1 and 2 P13 Negative
Hepatitis B P13 Negative
Hepatitis C P13 Negative
Cytomegalovirus p25 Negative
Herpes Simplex Virus type 1 and 2 p25 Negative
Epstein-Barr Virus p25 Negative
Human Papilloma Virus p25 Negative

The copyright of this document belongs to Cellartis AB.
No part of this document may be reproduced or distributed to third party without written consent,

2008-05-08




o cellartis
hESC line SA001, LOT AK001

Details

Derivation of hESC line SA00!

Establishment of hESC lines at Cellartis
is performed according to the procedures
described in Heins e @/ (Stem Cells, May
2004) and in Patent application “A method for
the establishment of a pluripotent human

CONFIDENTIAL

Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Goteborg, SWEDEN

blastocyst-derived stem cell line” (PCT no.
PCT/EP02/14895, Publication no. WOO03/
055992). For routine expansion, the hESC are
cultured on top of a mouse embryonic feeder
(mEF) layer using VitroHES™ medium
provided by Vitrolife AB (Gdteborg, Sweden).

Figure /. (A) Blastocyst from which hESC line SA001 was derived. (B) After Inmunosurgery and plating on

mEF,

Morphology

At the time of vitrification >100 vials
were prepared from the hESC line SA001 in
passage 13. Typical morphology of the hESC
colonies, just prior to vitrification, is shown in
Figure 2. After thawing and seeding of vitrified
cells (£e LOT AKOOl), viable colonies
proliferated and displayed the morphology that

characterizes undifferentiated hESC (Figure 3).
Subsequently, these cells were propagated and
passaged according to standard procedures and
representative  illustrations of the hESC
colonies in passage 18, 23, 29, and 35 are
shown in Figure 4.

Freure 2 (A)C). Typical morphology of hESC line SA0DI cultured on mEF in passage 13 just prier to

vitrification.

Figure 7 (A)-(C). Typical morphology of hESC cultured on mEF {passage 14} after thawing of vitrified cells

{LOT AKO00I).

The copyright of this document belongs to Cellarlis AB.
No part of this document may be reproduced or distributed to third party withoul wrilten consent.

2008-05-08
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@ cellartis
hESC line SA001, LOT AKOQ01

CONFIDENTIAL

Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Goteborg, SWEDEN

t

Figure £ Typical morphology of hESC of LOT AKO001 cultured on mEF in passage 18 (A), passage 23 (B),
passage 29 (C), and passage 35 (D).

Thawing recovery rale

The viability of hESC LOT AK001 was
determined by measuring the thawing recovery
rate. Briefly, out of the >100 frozen vials of
LOT AKO001, ten vials were sampled, thawed,
and seeded in ten separate dishes containing
mEF and VitroHES™ medium. The number of
hESC clumps that were seeded, attached,
proliferated, and displayed appropriate

154

104 :.
0- I :

# of colonies

morphology was determined for each dish. The
results are presented in Figure 5 and show that
all ten vials (100 %) gave rise to viable hESC
colonies. These cells were subsequently
passaged according to standard procedures and
used for the characterization presented in this
document.

[ Seeding
W 2d after seeding

|| M At passage

1 2 3 4 5 66 7 8 9 10

Dish #

Frgure 5. Thawing recovery rate of LOT AK001. Thawed hESC were seeded and the number of hESC clumps
from each vial was determined (open bars) and subsequently the number of viable colonies was determined two
days after seeding (grey bars) and at the time of passage (black bars).

The copyright of this document belongs to Cellartis AB.
No part of this document may be reproduced or distributed to third party without written consent.

2008-05-08
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(. cellartis CONFIDENTIAL @

hESC line SA001, LOT AK001 Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Géteborg, SWEDEN

LTmmnofistockenical SITIRIRG o
undpferentiated HESC

Undifferentiated hESC colonies of LOT
AK(Q01 were fixed in PFA and subsequently
permeabilized using Triton X-100. After
consecutive washing and blocking steps, the
cells were incubated with the primary
antibody (as indicated in the figure legend).
Conjugated secondary antibedies were
subsequently used for detection. The nuclei
were visualized by DAPI staining. The activity
of Alkaline phosphatase (ALP) was
determined using a commercial available kit
following the instructions indicated by the
manufacturer (Sigma Diagnostics, Stockholm,
Sweden). The passage number at which each
analysis was performed is indicated within
brackets in the figure legend. The results show
that hESC of LOT AKQ01 are negative for
SSEA-1 (B) and positive for SSEA-3 (C),
SSEA-4 (D), TRA-1-60 (E), TRA-1-81 (F),
Oct-4 (G), and ALP (H).

Flgure 8 (Highy). (A) hESC colony [p19], (B)
SSEA-1 [p31], (C) SSEA-3 [p31], (D) SSEA-4
[p31], (E) TRA-1-60 [p31], (F) TRA-1-81 [p31],
(G) Oct-4 [p31], (H) ALP [p31]
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Karvoryping

The cells were incubated in the presence
of Calyculin A and then washed with cell
culture medium. The cells were collected by
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centrifugation and fixed using ethanol and
glacial acetic acid. The chromosomes were
visualized using a Trypsin-Giemsa staining
(Figure 7) and no abnormalities were observed.
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Frgure 7. Karyotype of LOT AKO0O1 in passage 26.

WAY:

Probes for chromosome 12 and 17, in
addition to a commercially available kit
containing probes for chromosome 13, 18, 21
and the sex chromosomes (X and Y) was used
following the instructions from the
manufacturer (Vysis. Inc, Downers Grove, IL,
USA), with minor modifications. The slides
were analyzed in an invert microscope
equipped with appropriate filters and sofiware
(CytoVision, Applied Imaging, Santa Clara,
CA, USA). The cells were XY and diploid for
chromosome 12, 13, 17, 18, and 21.

Figure 8 FISH analysis of hESC of LOT AKOOH in
passage 32.

Multipler Ligation-dependent Probe
Amplification (MLF4)

To detect single or multiple deletions
and amplifications in the subtelomeric regions,
MLPA-technology was employed using the
commercially available SALSA P019/P020
Telomers MLPA kit and following the
instructions provided by the manufacturer
(MRC-Holland, Amsterdam, The Netherlands).

The probe mixes contain in total 72 probes.
One probe for each of the 48 subtelomeric
regions, as well as one probe directed to a
sequence in the middle of each chromosome.
The analysis was performed at Department of
Paediatrics, Clinical Genetics, Sahlgrenska
University Hospital/OS using hESC of LOT
AKO001 in passage 26 and 49. No deletions or
amplifications were detected.
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Telomerase acfivity

For analyzing the telomerase activity a
ZAo TAGGG Telomerase PCR ELISA™™ kit
(Roche, Basel, Switzerland) was employed
according to the manufacturer’s instructions.
The assay wuses the internal activity of

CONFIDENTIAL
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telomerase, amplifying the product by PCR
and detecting it with an enzyme linked
immunosorbent assay (ELISA). hESC of LOT
AKO00l were analyzed in passage 27 and
displayed high telomerase activity.

Fluripotency in vitro

Undifferentiated hESC colonies were
transferred to suspension cultures, using Stem
Cell Cutting Tool (Swemed Lab, Goteborg,
Sweden), to generate Embryoid bodies (EBs).
Subsequently, these EBs were plated in tissue
culture plates. Cells that spontaneously
differentiated were subjected to immuno-
histochemical evaluation. As illustrated in

A

figure 9, positive staining was obtained using
antibodies directed against B-IlI-tubulin (A),
desmin (B}, a-fetoprotein (C) and HNF-3p (D).
Areas of spontaneously contracting cells,
resembling  cardiomyocytes, were also
observed (not shown), Taken together, these
results indicate that hESC of LOT AKO0Q! are
capable of differentiating Zz wire to cells
representing  the three germ  layers.

Figure 9 4 vitro differentiation of hES cells, LOT AKOQO01 in passage 29. (A) -HI-tubulin, (B) desmin, (C)

a-fetoprotein, (D) HNF-3p

Flaripotency in vive

Undifferentiated hESC were surgically
placed under the kidney capsule of severe
combined immuno-deficient (SCID) mice. The
mice were sacrificed after 8 weeks and tumors
were dissected and fixed in PFA. Histological
evaluation of hematoxylin-eosin stained
paraffin sections (Figure 10} demonstrated the
presence of tissues derived from endo- (A),
meso- (B), and ectoderm (C).

All animal studies were reviewed and
approved by the Institutional Animal Care and
Use Committee in accordance with the policy
regarding the use and care of laboratory
animals. All research involving animals took
place at Laboratory for Experimental
Biomedicine which is a specifically pathogen
free, full barrier, animal facility at Goteborg
University. Go&teborg University has PHS
Approved Animal Welfare Assurance number
A5443-01.
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Figure /0 /r vive differentiation of hESC of LOT AKO00! in passage 19. (A) Endoderm (secretory epithelium).

(B) Mesoderm (cartilage). (C) Ectoderm (neurcectoderm).

Myeoplasmea

The presence of mycoplasma in the
hESC cultures of LOT AKO00l was tested
using PCR and mycoplasma specific primers.
The assays were performed at the DNA

Laboratory at the Department of Clinical
Bacterioiogy, Sahlgrenska University Hospital,
Goteborg, Sweden.

No mycoplasma was detected.

LHiman viruses

hESC of LOT AKO001 were tested for the
presence of Human Immunodeficiency Virus
type 1| and 2, Hepatitis B, Hepatitis C,
Cytomegalovirus, Herpes Simplex Virus type 1
and 2, and Epstein-Barr Virus at the
Department of Clinical Virology, Sahlgrenska

Academy at the University of Goteborg,
Sweden. The presence of Human Papilloma
Virus was analyzed at Medical Microbiology
Laboratory, The University of Lund, Malmd,
Sweden.

None of these viruses were detected.
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Human embryonic stem cell line
SA002, LOT AL002

Background

For the purpose of in vitro tertilization
(IVF) treatment of patients suffering from
involuntary childlessness, human embryos are
created at the IVF clinics vsing conventional
1VE-techniques. Supernumerary embryos may,
after written informed consent from the
donors, be used for research purposes, such as
for derivation of human embryonic stem cells
(hESC)., The hESC derivation process at

Summary of characteristics of LOT AL002

Ceflartis AB
Arvid Wallgrens Backe 20
SE-413 46 Godteborg, SWEDEN

Goteborg University and Cellartis follows all
applicable laws in Sweden and is approved by
the Local Research Ethics Committees at
Gateborg University and Uppsala University,
Sweden.

Donor confidentiality

In order to protect the privacy and the
confidentiality of the donors, all identifiers
associated with the embryo donors have been
removed. Thus, no information about the
donors is accessible. Notably, the donation did
not result in any financial gain for the donors.

Parameter Passage # Result
Embryo source == Frozen, surplus from IVF
hESC line derived -- May 21, 2001
Procedure for isolation of [CM celis - Spontaneously hatched
LOT preparation pl2 =100 vials
Thawing recovery rale pl2-pl3 100 %
SSEA-I pl4d Negative
SSEA-3 p23 Posilive
SSEA-4 p23 Positive
TRA-1-60 pls Positive
TRA-1-§1 pts Positive
Oct-4 ptd Positive
Alkaline phosphatase pld Positive
Karyolype p25, p26 47, XX +13
FISH (X, Y, 13, 18, and 21} pl% +13, XX
MLPA (sub-telomeric regions) pld +13, otherwise no remark
Telomerase activity pl9 Positive
Pluripotency in vitro pl6, p37 Endo-, ecto-, mesoderm
Pluripotency in vivo pl9 Endo-, ecto-, mesoderm
Mycoplasina p23 Negative
Human Immunodeficiency Virus type | and 2 pl5 and p28, resp. Negative
Hepatitis B pts Negative
Hepatitis C pls Negative
Cytomegalovirus pls Negative
Herpes Simplex Virus type | and 2 pis Negative
Epstein-Barr Virus pl5 Negative
Huwnan Papilloma Virus pts Negative

- Page 1(7) -
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Petails

Derivation of RESC line SA002

Establishment of hESC lines at Cellartis
is performed according to the procedures
described in Heins et al. {(Stem Cells, May
2004) and in Patent application “A method for
the establishment of a pluripotent human

Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Goteborg, SWEDEN

blastocyst-derived stem cell line” (PCT no.
PCT/EP02/14895, Publication no. WOO03/
055992). For routine expansion, the hESC are
cultured on top of a mouse embryonic feeder
(MEF) layer using VitroHES™ medium
provided by Vitrolife AB (Gdteborg, Sweden).

Figure 1. (A) Blastocyst from which hESC line SA002 was derived, (B) Proliferating inner cell mass

cells from hatched blastocyst on MEF.

Morphology

At the time of vitrification >100 vials
were prepared from the hESC line SA002 in
passage |2. Typical morphology of the hESC
celonies, just prior to vitrification, is shown in
Figure 2. After thawing and seeding of vitrified
cells (fe. LOT ALO002), viable colonies
proliferated and displayed the morphology that

characterizes undifferentiated hESC (Figure 3).
Subsequently, these cells were propagated and
passaged according to standard procedures and
representative  illustrations of the hESC

colonies in passage 15, 20, 24, and 30 are
shown in Figure 4.

Figure 2 (A)(C). Typical morphology of hESC line SA002 cultured on MEF in passage 12 just prior

to vitrification,

Figure 3 (A)(C). Typical morphology of hESC cultured on MEF (passage 13) after thawing of

vitrified cells (LOT AL002).

-Paga2(?)-
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Figure 4. Typical morphology of hESC of LOT AL002 cultured on MEF in passage 15 (A), passage

20 (B), passage 24 (C), and passage 30 (D).

Thawing recovery rafe

The vizbility of hESC LOT ALQ02 was
determined by measuring the thawing recovery
rate. Briefly, out of the >100 frozen vials of
LOT ALO002, ten vials were sampled, thawed,
and seeded in ten separate dishes containing
MEF and VitroHES™ medium, The number of
hESC clumps that were seeded, attached,
proliferated, and displayed appropriate

154

10+

# of colonies

morphology was determined for each dish. The
results are presented in Figure 5 and show that
all ten vials (100%) gave rise to viable hESC
colonies. These cells were subsequently
passaged according to standard procedures and
used for the characterization presented in this
document.

|
!

3 Seeding
ENR 3d after seeding
M At passage

1 2 3 4 8 6 7 8 9 10

Dish #

Figure 5. Thawing recovery rate of LOT ALQO2. Thawed hESC were seeded and the number of hESC
clumps from cach vial was determined {open bars) and subsequently the number of viable colonies
was determined three days after seeding (grey bars) and at the time of passage (black bars).
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Immunohistochemical staining af
undifferentiated hESC

Undifferentiated hESC colonies of LOT
AL002 were fixed in PFA and subscquently
permeabilized using Triton X-100. After
consecutive washing and blocking steps, the
cells were incubated with the primary
antibody (as indicated in the figure legend).
Conjugated secondary antibodies  were
subsequently used for detection. The nuclei
were visuatized by DAPI staining. The activity
of alkaline phosphatase (ALP) was determined
using a commercial available kit foliowing the
instructions indicated by the manufacturer
(Sigma Diagnostics, Stockholm, Sweden). The
passage number at which each analysis was
performed is indicated within brackets in the
figure legend. The results show that hESC of
LOT ALOQO2 are negative for SSEA-1 (B) and
positive for SSEA-3 (C), SSEA-4 (D), TRA-I-
60 (E), TRA-1-81 {F), Oct-4 (G), and ALP
(H).

Figure 6 (right). (A) hESC colony [p29], (B)
SSEA-1 [pl4], (C) SSEA-3 [p23], (D) SSEA-
4 [p23], (E) TRA-1-60 [p15], (F) TRA-1-8]
[p15], (G) Oct-4 [pl4], (H) ALP [p14]

Cellartis AR
Arvid Wallgrens Backe 20
SE-413 46 Giteborg, SWEDEN
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Karyotyping centrifugation and fixed using cthanol and
The cells were incubated in the presence glacial acetic acid. The chromosomes were

of Calyculin A and then washed with cell visualized using a trypsin-Giemsa staining
culture medium. The cells were collected by (Figure 7) and frisomy 13 was observed.
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Figure 7. Karyotype of LOT AL002 in passage 26.

FISH

A commercially available kil containing
probes for chromosome 13, 18, 21 and the sex
chromosomes (X and Y) was used following
the instructions from the manufacturer (Vysis.
Inc, Downers Grove, [L, USA), with minor
modifications, The slides were analyzed in an
invert microscope cquipped with appropriate
filters and seftware (CytoVision, Applied
Imaging, Santa Clara, CA, USA). As
illustrated in figure 8, the cells were XX,

diploid for chromosomes 18 and 21, and Figure 8. FISH analysis of hESC of LOT
carried trisomy 13. ALOG02 in passage 19.
Multiplex Ligation-dependent Probe One probe for each of the 48 subtelomeric
Amplification (MLPA) regions, as well as one probe directed to a
To detect single or multiple delctions sequence in the middle of each chromosome,
and amplifications in the subtelomeric regions The analysis was performed at Department of
MLPA-technology was employed using the Paediatrics, Clinical Genetics, Sahlgrenska
commercially available SALSA P019/P020 University Hospital, Goteborg, Sweden by
Telomers MLPA kit and following the using hESC LOT ALOO2 in passage 14. No
instructions provided by the manufaciurer deletions or amplifications were detecled,
{MRC-Holland, Amsterdam, The Netherlands). except for trisomy 13.

The probe mixes contain in total 72 probes.

Telomerase activity telomerase, amplifying the product by PCR

For analyzing the telomerase activity a and detecting it with an enzyme linked
Telo TAGGG Telomerase PCR ELISA™YS kit immunosorbent assay (ELISA). hESC of LOT
(Roche, Bascl, Switzerland) was employed AL002 were analyzed in passage 19 and
according to the manufacturer’s instructions. displayed high telomerase activity.

The assay uses the internal activity of
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Pluripotency in vitro

Undifferentialed hESC colonies were
transferred to suspension cultures, using Stem
Cell Cutting Tool (Swemed Lab, Gdteborg,
Sweden), to generale embryoid bodies (EB).
Subsequently, these EB were plated in tissue
culture plates. Cells that spontaneously
differentiated were subjected to immuno-
histochemical evaluation. As illustrated in

Cellartis AB
Arvid Wallgrens Backe 20
SE-413 46 Gotcborg, SWEDEN

figure 9, positive staining was obiained using
antibodies directed against desinin (A), HNF-
38 (B), p-{ll-tubulin (C) and nestin (D). Areas
of spontaneously contracting cells, resembling
cardiomyocytes, were also observed (not
shown). Taken together, these results indicate
that hESC of LOT AL002 are capable of
differentiating in virre to cells representing the
three germ layers.

Figure 9. In vitro differentiation of hESC of LOT ALQ02 in passage 16. (A) desmin, (B) HNF-38, (C)

p-11T-tubulin, (D) nestin.
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Pluripotency in vivo

Undifferentiated hESC were surgically
placed under the kidney capsule of severe
combined iimmuno-deficient (SCID) mice. The
mice were sacrificed after 8 weeks and tumors
were dissected and fixed In PFA. Histological
evaluation of hematoxylin-eosin  stained
paraffin sections (Figure 10) demonstrated the
presence of tissues derived from endo- (A),
meso- (B), and ectoderm {C).

Figure 10. In vivo differentiation of hESC of

All animal studies were reviewed and
approved by the Institutional Animal Care and
Use Commitlee in accordance with the policy
regarding the use and care of laboratory
animals. All research involving animals took
place at Laboratory for Experimental
Biomedicine which is a specifically pathogen
free, full barrier, animal facility at Goieborg
University. Goéteborg University has PHS
Approved Animal Welfare Assurance number
A5443-01.

LOT AL002 in passage 19. (A) Endoderm (secretory

epithelium), (B) Mesoderm (cartilage and bone), (C) Ectoderm {neuroectoderm).

Mycoplasma

The presence of mycoplasma in the
hESC cultures of LOT AL002 was tested using
PCR and mycoplasma specific primers. The

assays were performed at the DNA Laboratory
at the Department of Clinical Bacteriology,
Sahlgrenska University Hospital, Gétebarg,
Sweden. No mycoplasma was detected.

Human viruses

hESC of LOT ALOOZ were tested for the
presence of Human lmmunodeficiency Virus
type |, Hepatitis B, Hepalilis C,
Cytomegalovirus, Herpes Simplex Virus type |
and 2, and Epstein-Barr Virus at the
Pepartment of Clinical Virology, Sahlgrenska
Academy at the University of Goteborg,

Sweden The presence of Human Papilloma
Virus was analyzed at the Medical
Microbiology Laboratory, University of Lund,
Malmé, Sweden. Human Immunodeficiency
Virus type 2 was analysed at SMI, Solna,
Sweden

None of these viruses were detected.
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Human embryonic stem cell line
SA002.5, LOT BE0D2.5

Background

For the purpose of in vitre fertilization
{IVF) treatment of patients suffering from
involuntary childlessness, human embryos are
created at the IVF clinics using conventional
IVF-techniques. Supemumerary embryos may,
after written informed consent from the donors,
be used for research purposes, such as for
derivation of human embryonic stem cells

Cellartis AB
Arvid Wallgrens backe 20
SE-413 46 Goéteborg, SWEDEN

Géteborg University and Cellartis follows all
applicable laws in Sweden and is approved by
the lLocal Research Ethics Committees at
Goteborg University and Uppsala University.

Donor confidentiality

In order to protect the privacy and the
confidentiality of the donors, all identifiers
assaciated with the embryo donors have been
removed. Thus, no information about the
donors is accessible. Notably, the donation did
not result in any financial gain for the donors.

CEY

(hESC). The hESC derivation process al

Summary of characteristics of LOT BE002.5

Parametsr Passage # Result
Embryo source - Frozen, surplus from IVF
hESC line derived — May 21, 2001
Procedure for isolation of ICM cells -- Spontaneously hatched
Subcloning p155 November 20, 2003
LOT preparation p1565+22 >100 vials
Thawing recovery rate p155+22-p155+23 100 %
SSEA-1 p155+40 Negative
SSEA-3 p155+40 Positive
SSEA4 p155+40 Positive
TRA-1-80 p155+40 Positive
TRA-1-81 p155+40 Positive
Qct-4 p155+40 Positive
Alkaline phosphatase p155+27 Positive
Karyotype p155+41 46, XX
FISH (X, Y, 13, 18 and 21) p155+31 Dipioid, XX
Talomerase activity p155+31 Positive
Pluripotency in vifro p155+29 Endo, ecto, meso
Pluripotency in vivo p155+39 Endo, ecto, meso
Mycoplasma p1556+23 Negative
Human Immunodeficiency Virus type 1 & 2 p155+23 Negative
Hepatitis B p155+23 Negative
Hepatitis C p155+23 Negative
Cytomegalovirus p155+23 Negative
Herpes Simplex Virus type 1 and 2 p155+23 Negative
Epstein-Barr Virus p155+23 Negative
Human Papilloma Virus p155+23 Negative
-Page 1(7) -
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Details

Derivation of hESC line SAC002.5
Establishment and subcloning of hESC
lines at Cellartis is performed according to the
procedures described in Heins of al. (Stem
Cells, May 2004) and in Patent application “A
method for the establishment of a pluripotent

Cellartis AB
Arvid Wallgrens backe 20
SE-413 46 Gdteborg, SWEDEN

human blastocyst-derived stem cell line" (PCT
no. PCT/EP02/14895, Publication no. WOO03f
055992). For routine expansion, the hESC are
cultured on top of a mouse embryonic feeder
(MEF} layer wusing VitroHES™ medium
provided by Vitrolife AB (Géteborg, Sweden).

Morphology

At tha time of vitrification >100 vials were
prepared from the hESC line SA002.5 in
passage 155+22. Typical morphalogy of the
hESC colonies, just prior to vitrification, is
shown in Figure 2. After thawing and seeding
of vitrified cells (ie. LOT BE002.5), viable
colonies proliferated and displayed the

morpholegy that characterizes undifferentiated
hESC (Figure 3). Subsequently, these cells
were propagated and passaged according to
standard procedures and representative
illustrations of the hESC colonies in

passage 155+27, 155+36, 155+42 and 155+56
are shown in Figure 4.

Figure 2 (A)-(C). Typical morphology of hESC line SA002.5 cultured on MEF in passage 155+22 just

priar to vitrification.

Figure 3 (A)-(C). Typical morphology of hESC cultured on MEF in passage 155+23 after thawing of

vitrified cells {(LOT BE0D2.5).
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Figure 4. Typical morphology of hESC of LOT BEQO2.5 cultured on MEF in passage 155+27 (A),
passage 155+386 (B). passage 155+42 (C), and passage 155+56 (D).

Thawing recovery rate

The viability of hESC LOT BE002.5 was
determined by measuring the thawing recovery
rate. Briefly, out of the >100 frozen vials of
LOT BEQOQ2.5, ten vials were sampled, thawed,
and seeded in ten separate dishes containing
MEF and VitroHES™ medium. The number of
hESC clusters that were seeded, attached,
proliferated, and displayed appropriate

# of colonins

morphology was determined for each dish. The
resuits are presented in Figure 5 and show that
all ten vials (100%) gave rise to viable hESC
colonies. These cells were subsequently
passaged according to standard procedures
and used for the characterization presented in
this document.

OSeading
W dd after seading
S AL pasnage

Figure 5. Thawing recovery rate of LOT BE002.5. Thawed hESC were seeded and the number of
hESC clumps from each vial was determined (open bars) and subsequently the number of viable
colonies was determined four days after seeding {grey bars) and at the time of passage (black bars).
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immunohistochemical staining of
undifferentiated hESC

Undifferentiated hESC colonies of LOT
BEDD2.5 were fixed in PFA and subsequentiy
permeabilized using Tidton X-100. After
consecutive washing and blocking steps, the
cells were incubated with the primary antibody
{as indicated in the figure legend). Conjugated
secondary antibodies were subsequently used
for detection. The nuclei were visualized by
DAPI staining. The activity of alkalfine
phosphatase (ALP) was determined using a
commercial available kit following the
instructions indicated by the manufacturer
{Sigma Diagnoslics, Stockholm, Sweden). The
passage number at which each analysis was
performed is indicated within brackets in the
figure legend. The resuits show that hESC of
LOT BEQ02.5 are negalive for SSEA-1 (B) and
positive for SSEA-3 (C), SSEA-4 (D), TRA-1-
80 (E), TRA-1-81 (F), Oct-4 (G), and ALP (H).

Figure 6 (right}. (A) hESC colony {p155+41],
(B) SSEA-1 [p155+40], (C) SSEA-3
[p155+40], (D) SSEA4 [p155+40}, (E) TRA-1-
60 [p155+40], (F) TRA-1-81 [p155+40), (G)
Oct-4 [p155+40], (H) ALP [p155+27)
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Karyotyping

The cells were washed with cell culture
medium without serum or serum replacement
and then incubated in the presence of
Calyculin A. The cells were collected by

(¢ I

(4
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centrifugation and fixed using ethanol and
glacial acetic acid. The chromosomes were
visualized using G-banding with a trypsin-
Giemsa staining or DAP! (Figure 7).
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Figure 7. Karyotype of LOT BEQQ2.5 in passage 155+41

FISH

A commercially available kit containing
probes for chromosome 13, 18, 21 and the
sex chromosomes (X and Y) was used
following the instructions from  the
manufacturer (Vysis. tnc, Downers Grove, IL,
USA), with minor modifications. The slides
were analyzed in an invert microscope
equipped with appropriate filters and software
{CytoVision, Applied Imaging, Santa Clara,
CA, USA). As illustrated in figure 8, the cells
were XX, diploid for chromosomes 13, 18 and
21.

13

Figure 8. FISH analysis of hESC of LOT
BEQO2.5 in passage 155+31.
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hESC line SA002.5, LOT BE0D2.5
CONFIDENTIAL

Telomerase activity

For analyzing the telomerase activity a
Telo TAGGG Telomerase PCR ELISA™Y® kit
{Roche, Basel, Swilzerland) was employed
according to the manufacturer's instructions.
The assay uses the internal activity of

Ceilartis AB
Arvid Wallgrens backe 20
SE-413 46 Goteborg, SWEDEN

telomerase, amplifying the product by PCR
and detecting it with an enzyme linked
immunosorbent assay (ELISA). hESC of LOT
BEQO2.5 were analyzed in passage 155+31
and displayed high tefomerase activity,

Pluripotency in vitro

Undifferentiated hESC colonies were
transferred to suspension cultures, using Stem
Cell Cutting Tool {Swemed Lab, Gtteborg,
Sweden), to generate embryoid bodies (EB).
Subsequently, these EB were plated in tissue
culture plates. Cells that spontaneously
differentiated were subjected {o immuno-
histochemical evaluation. As illustrated in
figure 9, positive staining was obtained using

antibodies directed against Alpha smooth
muscle actin {ASMA) (A), HNF-38 (B) and B-
Iltubulin - (C). Areas of spontaneously
contracting cells, resembling cardiomyocytes,
were also observed (not shown). Taken
together, these results indicate that hESC of
LOT BE002.5 are capable of differentiating in
vitro to cells representing the three germ
layers.

Figure 9. In vitro differentiation of hESC of LOT BEQ02.5 in passage 155+p29. (A) ASMA, (B) HNF-38
, (C) B-lll-tubulin
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Pluripotancy in vivo

Undifferentiated hESC were surgically
placed under the kidney capsule of severe
combined immuno-deficient (SCID} mice. The
mice were sacrificed after 8 weeks and tumors
were dissected and fixed in PFA. Histological
evaluation of hematoxylin-eosin  stained
paraffin sections (Figure 10) demonstrated the
presence of tissues derived from endo- (A),
meso- (B), and ectoderm (C).

Cellartis AB
Arvid Wallgrens backe 20
SE-413 48 Goteborg, SWEDEN

All animal studies were reviewed and
approved by the Institutional Animal Care and
Use Committee in accordance with the policy
regarding the use and care of laboratory
animals. Al research involving animals took
place at Laboratory for Experimental
Biomedicine which is a specifically pathogen
free, full barrier, animal facility at Gdteborg
University. Géteborg University has PHS
Approved Animal Welfare Assurance number
A5443-01.

Figure 10. In vivo differentiation of hESC of LOT BEQ02.5 in passage 155+39 (A) Endoderm
(secretory epithelium), (B) Mesoderm (cartilage), (C) Ectoderm (neurcectaderm).

Mycoplasma

The presence of mycoplasma in the
hESC cullures of LOT BEQDZ.5 was tested
using PCR and mycoplasma specific primers.
The assays were performed at the DNA

Laboratory at the Department of Clinical
Bacteriofogy, Sahlgrenska University
Hospital/SU, Géteborg. No mycoplasma was
detected.

Human viruses

hESC of LOT BED02.5 were tested for
the presence of Human Immunodeficiency
Virus type 1 and 2, Hepatitis B, Hepatitis C,
Cytomegalovirus, Herpes Simplex Virus type 1
and 2, and Epstein-Barr Virus at the

Depariment of Clinical Virology, Sahlgrenska
Academy at Goteborg  University/SU,
Goteborg. The presence of Human Papilloma
Virus was analyzed at Medical Microblology,
Lund University, Maimé, None of these viruses
were detected.
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ABSTRACT

The derivation of human embryonic stem (hES) cells
esfablishes a new avenue to approach many issues in
human biology and medicine for the first time. To meet
the increased demand for characterized hES cell lines, we
present the derivation and characterization of six hES cell
lines. In addition fo the previously described immuno-
surgery procedure, we were able to propagate the inner
cell mass and establish hES cell lines from pronase-
treated and hatched blastocysts. The cell lines were exten-
sively characterized by expression analysis of markers
characteristic for undifferentiated and differentiated

hES cells, karyotyping, telomerase activity measure-
ment, and pluripotency assays in vitro and in vivo,
Whereas three of the cell lines expressed all the charac-
teristics of undifferentiated pluripeient hES cells, one
cell line carried a chromosome 13 trisomy while main-
taining an undifferentiated pluripotent state, and two
cell lines, one of which carried a triploid karyotype,
exhibited limited pluripotency in vivo. Furthermore, we
clonally derived one cell line, which could be propa-
gated in an undifferentiated pluripotent state. Stem
Cells 2004,22:367-376

INTRODUCTION

The inner cell mass (ICM) of the preimplantation blasto-
cyst contains a core of cells, termed the epiblast, that have the
potential to generate somatic and germ cells of the embryo. It
has previously been demonstrated that human embryonic
stem (hES) cell lines, exhibiting a stable developmental

potential to form derivatives of the three germ layers after
prolonged culture in vitro, can be generated by the isolation
and culturing of the human ICM [, 2]. So far, the available
knowledge of conditions for deriving, characterizing, and
culturing undifferentiated hES cells is largely based on a
relatively few successfully isolated cell lines. Furthermore,
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the underlying mechanisms that control the developmental
decisions of hES cells in culture remain essentially unknown.
It has been suggested that the poor success rates in develop-
ing ES cells in species other than mice is either due to funda-
mental biological differences between the species or simply
due to technical faciors associated with the derivation and cul-
ture conditions [3, 4]. For example, unless spontaneous dif-
ferentiation of RES cells is prevented, the cells become
gradually restricted and lose the characteristics of ES cells.
Frequent passaging and optimization of the quality of the cul-
ture conditions and feeder cells may overcome this problem.
However, many problems remain with regard to the optimal
maintenance and expansion of hES cells.

Due to the limited number of available hES cell lines,
there is an urgent need for the generation and characteriza-
tion of more cell lines, as each line may have its own char-
acteristics and advantages for different applications.
Furthermore, the availability of more hES cell lines for com-
parisor will aid in defining criteria for bona fide hES cells
and the establishment of appropriate and robust methods for
maintenance and expansion of hES cells.

Here, we describe the successful establishment of hES cell
lines from the ICM by immunosurgery, from spontaneously
hatched blastocysts, and from blastocysts after pronase-medi-
ated removal of the zona pellucida. Three of the hES cell lines
have been maintained in culture for more than 1 year, during
which time high levels of telomerase activity, siable kary-
otype, and expression of markers characteristic for undifferen-
tiated hES cells were maintained. The cells could be
cryopreserved by vitrification without any effect on their abil-
ity to re-establish pluripotent hES cell colonies. The pluripo-
tent qualities of these cell lines were demonstrated in several
ways. Most importantly, the cells were able to differentiate
into cell types origmnating from each of the three embryonic
germ layers (endoderm, mesoderm, and ectodenm) in vitro as
well as in vivo. In addition, we subcloned one of our cell lines
and showed that it could be propagated in an undifferentiated
state while maintaining its pluripotency both in vitro and in
vivo, as was previously shown for other hES cell lines [5].

MATERIALS AND METHODS

Eslablishment and Culture of Human Embryonic Stem
Cell Lines

Surplus human embryos from clinical in vitro fertiliza-
tion {(IVF) treatment were donated after informed consent
and approval of the local ethics committees at Goteborg
University and Uppsala University. Donated embryos were
cultured to blastocysts until the age of 6-7 days as previ-
ously described [6, 7]. Blastocysts were graded (grade
shown within brackets) according to Dokras et al. [8] and
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randomly selected for either pronase treatment (lines
Fertilitetscentrum [FC)018 [B], Akademiska sjukhuset
[AS]034 [A], and ASO38 [B]) or pronase treatment fol-
lowed by immunosurgery (lines Sahlgrenska [SA121 [Al,
SA181 [B]) (see below). Spontaneously hatched blastocysts
(line SA002 [B]) were placed directly in VitroHES sup-
plemented with 4 ngfml human recombinant basic fibrob-
last growth factor (hebFGF) (GIBCO/Invitrogen; Paisley,
UK; htip://www.invitrogen.com), and 125 ug/ml
hyaluronic acid (HA) (Ophthalin, CIBA Vision Nocdic AB;
Askim, Sweden; http://www cibavision.no) on a layer of
mitotically inactivated early passage mouse embryonic
fibroblasts (MEFs) (F1 hybrid CDIxC57BL/6, Charles
River Laboratories; Sulzfeld, Germany; hitp:/f'www.criver.
com), VitroHES was composed as previously described [5]
and manufactured by Vitrolife AB (Kungs-backa, Sweden;
http:/fwww vitrolife.com) where it was subjected to physi-
cal and functional tests as part of a quality control program
to increase the final medinm quality. The MEF cells were
derived and cultured as previously described [9]. Briefly,
the mitotic activity of the MEFs was abolished by an incu-
bation with 10 ug/ml mitomycin C (Sigma-Aldrich Sweden
AB; Stockholm, Sweden; http://www sigmaaldrich.com)
for 3 hours at 37°C, after which the cells were seeded at a
density of 130,000 cells/ml in IVF cell culture dishes
(Falcon 3653, Becton Dickinson; Franklin Lakes, NJ;
http:/fwww.bd.com) in MEF medinom (Dulbecco’s-modi-
fied Eagle’s medium [D-MEM]) supplemented with 10%
fetal calf serum (FCS), 100 UW/ml penicillin G, and 1x
Glutamax (Invitrogen, Sigma-Aldrich). Prior to the addi-
tion of treated blastocysts or hES cells, the MEF medium
was changed to VitroHES.

Blastocysts with intact zona were treated in pronase for 1-
3 minutes (Sigma-Aldrich:10 U/ml in ICM-2 [Vitrolife AB]
1-3 minutes in three subsequent drops), washed three times in
ICM-2 and plated on MEFs in hES medium supplemented
with 125 mg/ml HA and 4 ng/ml hrbFGF. ICM-2 is a blasto-
cyst culture medium containing recombinant human albumin
and HA. Pronase-treated zona-free blastocysts selected for
immunosurgery were washed twice in antihuman serum anti-
body (Sigma-Aldrich, 1:5 in ICM-2). After the second wash
the blastocysts were placed in a new drop of the antibody and
incubated for 30 minutes. The blastocysts were then exten-
sively washed three times in ICM-2 medium followed by
three washes in guinea-pig complement serum (Invitrogen,
1:5 in ICM-2). The blastocysts were then incubated for 10
minutes in guinea-pig complement serum and followed by
three washes in ICM-2 and placed on MEFs in VitroHES
supplemented with 125 pg/ml HA and 4 ng/ml hrbFGF.

ICM outgrowths were passaged to plates with fresh
mediuvm and MEF cells by mechanical dissection using Stem

S
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Cell Tool” (Swemed Lab International AB; Billdal, Sweden).
Established hES cell lines were routinely passaged every 4-5
days. The hES cell coionies were mechanically cut into
pieces, 200 X 200 y#m, and removed from the culture dish and
transferred to a new culture dish with fresh MEF cells and
VitroHES supplemented with 4 ng/ml hrbFGF,

Telomerase Activity

It has been demonstrated that high telomerase activity in
ES cells correlates with their ability to divide indefinitely in
culture [10]. Degradation of telomeric sequences or end-to-
end fusion of chromosomes can lead to genomic instability
[11]. To analyze telomerase activity in hES cells a polymerase
chain reaction-based enzyme-linked immunosorbent assay
was used (Roche Diagnostics GmbH; Mannheim, Germany;
htip:/fwww roche com}. The cells were harvested and lysed
according to the manufacturer’s instructions.

Karyotyping and FISH

hES cells designated for karyotyping were cultured in
hES medium supplemented with 0.1 pg/ml colcemid
(Invitrogen} for 1-3 hours. The cells were subsequently
trypsinized, fixed, and mounted on glass slides. The chromo-
somes wete visualized by using modified Wright's staining.
For fluorescence in situ hybridization (FISH) analysis, a com-
mercially available kit containing probes for chromosome 13,
18, and 21 and the sex chromosomes (X and Y) was used
(MultiVysion™ PB Multicolour Probe Pamel; Vysis, Inc.;
Downers Grove, IL; http:/fwww.vysis.com) according to the
manufacturer’s instructions. For each cell line at least 200
nuclei were analyzed. The slides were analyzed in a fluores-
cence microscope equipped with appropriate filters and soft-
ware (CytoVision; Applied Imaging, Santa Clara, CA,
http:/fwww appliedimagingcorp.com).

In Vitro Differentiation

The cells were kept on MEFs without passaging up to
14 days. Medium (hES medium without hrbFGF) was
changed every second day. Alternatively, incubating
clumps of hES cells in VitroHES without htbFGF in sus-
pension culture for 4-9 days generated both simple and cys-
tic embryoid bodies (EBs).

Xenografting of hES Cells

Severe combined immunodeficient (SCID) mice, [12]
(C.B-1TMcrCrl-scidBR; Charles River Laboratories) were
used as animal hosts for the xenografted hES cells. Four- to
five-week-old animals were anesthetized with intraperi-
toneal injections of ketamine hydrochloride (Ketalar;
Warmner Lambert Nordic AB; Solna, Sweden; hitp://www,
warner-lambett.com; 75 ppg/g mouse) and medetomidine
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hydrochloride (Domitor; Oricn Pharma Cosporation; Espoo,
Finland; http://www orionpharma.com; 1 pg/g mouse). hES
cell colonies were mechanically cut into 200 x 200-um
pieces, washed once in phosphate-buffered saline (PBS) con-
taining 4 mg/m! human serum albumin and penicillin (Cryo-
PBS; Vitrolife AB), and 20 cell clusters were injected under
the kidney capsule or in the testicular fumen using a 200-um
lumen glass transfer pipette (Swemed Lab International AR).
The number of cells transferred was approximately 20,000
to 40000 per organ. Control animals were either injected
with Cryo-PBS or grafted with primary brain cells from a
litermate. The mice were resuscitated with intraperitoneal
injections of atipamezol (Antisedan; Orion Pharma; | pgfg
mouse), and kept on a heated pad until consciousness.
Palpable tumors started to appear 3 weeks after transplanta-
tion. The tumors were allowed to develop for 8 weeks before
the animals were sacrificed by cervical distocation. All ani-
mals appeared healthy during the 8-week period, and no ani-
mal died due to illness. The tumors were excised and
immediately fixed in 4% paraformaldehyde, incubated for
24 hours, washed or stored in 70% ethanol, and processed in
a Tissue-Tek paraffin infiltrator (Sakura Fine Technical,
Tokyo, Japan; http://www sakuraus.com), and paraffin-
embedded. The tumors were subsequently sectioned in
6-8 pm sections with a Microm HM 360 (Microm GmbH;
Walldorf, Germany). Samples were stained for morphology
using hematoxylin and eosin with a Sakura DRS-601 stainer.
To determine the origin (human, mouse) and tissue type
within teratomas, we combined histopathological and marker
expression analysis. To evaluate whether the tissues were
of human origin we used several human-specific antibodies,
¢.g., anti-E-cadherin and anti-human nuclei (see below).
To confirm the presence of tissues derived from all three
germ layers, we focused on tissues that can be easily distin-
guished by histopathological methods, e.g., neuroectoderm,
cartilage, kidney tubuli, and gut-like epithelium. To
strengthen these conclusions, we also used antibodies against
markers characteristic for derivatives of the germ layers,
€.g., 0-smooth muscle actin, desmin, nestin, B-IT-tubulin,
o-fetoprotein, and HNF3].

Subcloning

The cells were washed inside the wells twice with cloning
medium, 150 g1, 500 z1, and 1,000 pl for the 96-, 48-, 24-well
piates, respectively. The inner part of the colontes was cut with
a 300-pm Stem Cell Tool™ and subsequently incubated with
0.5 mM EDTA for 20 minutes at 37°C. The cells were tritu-
rated carefully with a pipette and diluted either in knockout
(KO)-DMEM medium (GIBCO) supplemented with 15%
concentrated conditioned medium, 3.5 mM glucose, | mM
Glutamax (invitrogen-sigma-albumin), 1% NEAA (GIBCO),
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and 4 ng/mi bFGF, KO-DMEM medium supplemented with
15% FCS, 3.5 mM glucose, | mM Glutamax, 1% NEAA, and
4 ng/ml bFGF, or KO-DMEM medium supplemented with
20% serum replacement (GIBCO) SR, 3.5 mM glucose, | mM
Glutamax, 1% NEAA, and 4 ng/ml bFGF. Single cells were
picked and put into individual wells with MEF-coated plates.
To confirm the colony-forming ability of the cells, positive
controls were petformed (eg., 10, 100, 1000 cells/ml or
smaller clusters) as well as negative controls (wells without
dissociated hES cells). Subclones were preferentially obtained
in 15% concentrated conditioned mediam of hES cells grown
in presence of FCS.

Histochemical Staining for Alkaline Phosphatase

Histological staining for alkaline phosphatase was car-
ried out using a commercially available kit (Sigma-Aldrich)
following the manufacturer’s instructions.

Immunocytochemistry

The cells were fixed in 4 % paraformaldehyde for 15 min-
utes at room temperature, washed in PBS, and exposed to the
primary antibodies overnight at 4°C. As secondary antibodies,
we used fluorescein isothiocyanate (FITC)- and Cy-3-conju-
gated antibodies (1:50, Southern Biotech; Birmingham, AL;
hitp://www southembiotech.com). The monoclonal antibodies
(mAb) directed against SSEA-1, SSEA-3, and SS5EA4
{Developmental Studies Hybridoma Bank, The University of
Towa; lowa City, TA) were used at 1:200, whereas the TRA-1-
60 and TRA-1-8] mAbs (Santa Cruz Biotechnology; Santa
Cruz, CA; htip:/iwww southernbiotech.com) were used at
1:500. Neuroectodermal precursor ceils and neurons were
detected by a nestin mAb (BD Biosciences; Stockholm,
Sweden; 1:100), and B-tubulin-Il mAb (Sigma-Aldrich;
1:100}, respectively. Endodermal cells were recognized by a
mAb against Cdx2 (gut endoderm, visceral endoderm)
(BioGenex, Nordic BioSite; Taby,
Sweden; 1:200; http://www.inno

&

370

HNF3p (Santa Cruz Biotechnology; 1:500). Mesodermal cells
were detected by a desmin antibody (Chemicon; Temecula,
CA,; http:/fwww chemicon.com; 1:200). hES cell-derived cells
were detected by mAbs against human nuclei (Chemicon;
1:100) and human E-cadherin (Zymed Laboratories; South
San Francisco, CA,; http:/fwww.zymed.com; 1:500). Some
cultures were double stained with DAPT (4'-6'Diamidino-2-
phenylindole, final concentration 0.1 gg/mi, Sigma-Aldrich)
for 5 minutes.

RESULTS

Methods for Deriving hES Cell Lines

The most commonly used method for deriving hES cell
lines is by immunosurgical isolation of the ICM from the
human blastocyst [1,2, 13]. Here, we show that hES cell lines
can be established from pronase-treated and hatched blasto-
cysts as well (Fig. 1). Due (o the limited number of embryos
used in this study, we can, however, not conclude anything
about the relative efficiencies of the different methods.
Whereas cell line SA002 was derived from a spontanecusly
hatched blastocyst, cell lines FCO18, AS034, and AS038 were
established from pronase-treated blastocysts (Table 1).
Immunosurgery was used for establishing cell lines SA121
and SA181. One to two weeks after plating, the expanded
ICM was transferred to a fresh MEF-coated IVF-cell culture
dish by mechanical dissection. Successful propagation of the
ICM was associated with the appearance of BS-like cells in
the outgrowth, whereas differentiated cells, presumably rep-
resenting primitive endoderm and trophectoderm, either died
or disappeared upon repeated passaging (Fig. 1).

Characterization of hES Cell Lines
To analyze the long-term pluripotency and replicative
immortality of the six newly established hES cell lines

genex.com), and polyclonal anti-
bodies against «-1-fetoprotein
([AFP] Sigma-Aldrich; 1:2000) and

Figure 1. Human ES cell derivation
from pronase-treated and hatched
blastocysis. A) Blastocyst before pro-
rase treatment. B) Outgrowth of pro-
nuse-treated blastacyst shown in (A)
6 days after pronase treatment. C) hES
colony (passage 6) derived from the
ICM in (B). D) Spontaneously hatched
blastocyst. E) Qutgrowth of the biasto-
cyst shown in (D) 5 days after plating.
F) hES colony (passage 3) derived from
the ICM in (E).
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Table 1. Summary of hES cell characterization
hES line Isolation-method SSEA-1 SSEA-3 SSEA-4 TRA-1-60 TRA-1-81 ALP Oct-4
“SA002 Spontaneous hatching - + + + + + +
FCO18 Pronase ES + t + + + +
AS034 Pronase - + + + + + +
AS038 Pronase + * 3 + + + +
SAl2l Immunosurgery - + + + + + +
SAlSL Immunosurgery - + + + + + +
AS034.1 Subcloning - + + + + + +
hES line Karyotype Telomerase FISH In vitro dilferentiation Teratoma
*SA002 47XX ++ +3XX Three germ layers Three germ layers
EC018 69 XXY 4+ Trip. XXY Three germ layers Fluid-filled cysts
AS034 46 XY +* W XY Three germ layers Three germ layers
AS038 46 XY + XY Three germ layers Fluid-filled ¢ysts
SAL2L 46 XY ++ W XY Three germ layers Three germ layers
SAlS1 46 XY ++ XY Three germ layers Three germ layers
AS034.1 46 XY nd. n XY Three germ layers Three germ layers
"NIH-eligible cell line
n. d. = not determined

SA002, FCO18, AS034, AS038, SA121, SAL81, and sub-
clone AS034.1 (see below), we used previously defined cri-
teria for in vitro and in vivo characterization of hES cells by
examining the morphology, marker expression, telomerase
activity, karyotype, and pluripotency in vitro and in vivo.
In the presence of mouse feeders and human recombi-
nant bFGF, all six hES cell lines gave rise to large compact
multicellular colonies of cells with the characteristic hES
cell morphology, i.., a high ratio of nuclevs to cytoplasm
and prominent nucleoli. Some of these lines have been pas-
saged more than 120 times. Initially, the different ceil lines
could not be discriminated morphologically from each
other except for cell line AS038, which never developed a
clear distinguishable border towards the mouse feeders
(data not shown). However, with time the morphology of
AS038 became indistinguishable from the other cell lines.
Karyotype analyses carried out at different passages
(from passage three to passage 76) indicated a normal stable
karyotype in four of the cell lines (Fig. 2A, Table 1). In two
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human germ cells [14] and previously established hES cell
lines, all cur cell lines possessed high levels of alkaline
phosphatase {(AP) activity (Fig. 3B, Table 1). The overall
percentage of visible AP-positive cells within a colony var-
ied from 60% to 90% in all cell lines. The hES cells lines

Figure 2. Karyotype of hES lines (see also Table 1). A) Normat 46XY karyotype
Jfrom cell line SA181. B) XX karyotype from fine SA0D2 with a trisomy 13. The
arrow in (B) points to the irisomic chromosome 13,
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were further characterized by expression analysis of five
cell surface markers: SSEA-I, SSEA-3, SSEA-4, TRA-1-60,
and TRA-1-81, and the intermediate filament protein nestin
[1, 14-17]. Figure 3 depicts examples of the expression of
these markers in undifferentiated colonies from cell line
SA002. The results of the expression analysis are summa-
rized in Table |. Whereas all cell lines expressed SSEA-3,
SSEA-4, TRA-1-60, and TRA-1-81, they were, with a few
exceptions (see below), negative for nestin and SSEA-1.

Oct-4 is a POU-domain transcription factor that is
essential for establishment of ES cells from the ICM [18].
Similar to previous reports [19, 20], we found that undif-
ferentiated hES cells expressed Oct-4 (Fig. 3H, Table 1),
whereas Oct-4 was downregulated concomitant with
differentiation (data not shown).

SSEA-1] SSEA-3I

E F

SSEA-41 . TRA-1-81

G H

&
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Nestin is expressed in a variety of stem/precursor cell
populations of neuroectodermal and mesodermal origin,
and we found it useful for detecting differentiated hES cells
that could not be recognized by morphological criteria.
Generally, nestin-positive colonies often appeared during
suboptimal growth conditions and seemed to result in irre-
versible commitment. Interestingly, whereas TRA-1-60 and
TRA-1-81 were initially expressed normally in cell lines
FCO18 (passage 25) and AS038 (passage 41) (Fig. 4C and
4D, Table 1), a patchy expression patiern of SSEA-3 and
SSEA-4 was observed (Fig. 4F, Table 1). Moreover, addi-
tional signs of cell differentiation were the appearance of

SSEA-1

D

TRA-1-1-80 TRA-1-1-81

=] F

Nestin 5SEA-4

G H

Nestin

Figure 4. Immunohistochemical
marker expression analysis of cell

line FCOI8. The colonies were
analyzed 5 days after passaging.
A-F: passage 25, G-I. passage [18.
{A) Morphology, (B) SSEA-I,
{C) TRA-1-60, (D) TRA-1-81,
(E, H) nestin, (F, G) SSEA-4, and
{I) Oct-4. Scale bar: 25 pm.

TRA-1-60 - | oct-4

Figure 3. Immunohistochemical marker expression analysis of cell line
SAQD2 (passage 21). The colonies were analyzed 5 days after passaging.
A) Morphology, (B) Alkaline Phosphatase (AP), (C) SSEA-1, (D) SSEA-3,
(E) SSEA-4, (F) TRA-1-81, (G) TRA-1-60, and (H) Oct-4. Scale bar: 25 pm.
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SSEA-1- and nestin-expressing cells (Fig. 4B and 4E, Table
1). However, with time both line FCO18 {passage 118) and
AS038 (passage 72) expressed SSEA-4 and Oct-4 uni-
formly within the colonies (Fig. 4G and 41), whereas nestin
was no longer expressed (Fig. 4H).

Finally, all six hES cell lines expressed high levels of
telomerase activity that were maintained even after more
than 50 passages (Table 1).

In summary, three of the six characterized hES cell
lines, AS034, 5A121, and SA181, exhibited the morphol-
ogy, genotype, telomerase activity, and marker expression
characteristics for previously reported pluripotent stem cell
lines with a normal karyotype [1, 2, 13].

Analysis of In Viiro Pluripotency of hES Cell Lines

Similar to mouse ES cells, hES cells spontaneously
form three-dimensional aggregates of differentiated cells
known as EBs when grown in suspension. Upon continued
in vitre culture of EBs, a variely of ectodermal, endoder-
mal, and mescdermal germ layer derivatives, such as
hematopoietic, endothelial, cardiac, skeletal muscle, and
neuronal celt lineages appear [21]. We could show that ail
hES cell lines are capable of generating both simple and
cystic EBs. Marker expression analysis and morphological
examination of plated EBs revealed derivatives of all three
germ layers, including areas of beating heart muscle-like
cells (data not shown), However, EB formation is not an
exclusive pathway for initiating hES cell differentiation. An
alternative efficient and timesaving method to induce spon-
taneous differentiation of hES cells is simply by keeping
the colonies on mouse feeders for more than 7 days without
passaging. Similar to EB formation, this method gives rise
to a variety of cell types derived from all three germ layers.
The vast majority of cells within the differentiated colonies
expressed neuroectodermal cell markers, such as nestin and
B-IM-tubulin (Fig. SA and 5B). These markers were prefer-
entially expressed within typical rosette-like structures dur-
ing early stages of differentiation (data not shown).
Derivatives of mesoderm were confirmed by desmin stain-
ings, and the appearance of synchronously beating car-
diomyocyte-like cells (Fig. 5C, data not shown).
Endodermal derivatives appeared later during differentia-
tion in the periphery of the colonies and were identified by
the expression of AFP, Cdx2, and HNF3p (Fig. 5D-5F). In
summary, based on in vitro differentiation, all cell lines dis-
played the potential to form derivatives of all three embry-
onic germ layers. Importanily, these characteristics
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cells committed to different lineages may coexist within a
population of homogeneously appearing cells. Theoretically,
this would imply that, until proven, it cannot be stated that a
single hES cell is capable of forming derivatives of all three
embryonic germ layers. [n our initial efforts to subclone cell
line AS034, we obtained one clone, AS034.1. To promote cell
survival, we used concentrated conditioned medium from
hES cells grown in presence of FCS as cloning medium
{Materials and Methods). However, the overall yield was
low; on average from approximately 10° dissociated single
cells one colony resulted. Characterization of subclone
AS034.1 revealed that it behaved comparably to the other cell
lines in terms of the expression of SSEA-4, SSEA-3, TRA-1-
60, and TRA-1-81 (Fig. 6). Importantly, SSEA-1 and nestin
were not detected in undifferentiated colonies (Fig. 6B, data
not shown). Furthermore, the subclone was capable of differ-
entiating into ectodermal, mesodermal, and endodermal cell
types both in vitro and in vivo (Table 1),

Analysis of In Vivo Pluripotency of hES Cell Lines

When clusters of hES colonies are xenotransplanted to
SCID mice, they [orm teratomas consisting of cell types

Neslin

‘Desmin

remained the same after repeated freezing-thawing cycles Figure 5. In vitro differentiation of cell line SAO02. The colonies were analyzed
(data not shown). after 12 days after passaging. A) Nestin-positive neuronal precursors, B} f-Ifl-
. . . tibulin-positive posimitotic neurons, C) desmin-positive inesodermal cells,
Since none of the described hES cell lines were clonally 1, 'z £y o pronrovein-positive (D), HNF3f-positive (E), and Cdx2-positive (F)
derived, it cannot be excluded that multiple precursor or stem endodermal cells. Scale bar: 25 pm.
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TRA-1-60

Figare 6. Immunolistochemical
marker expression analysis of
subclone AS34.1. The colonies
were analyzed 3 days after passag-
ing. A-F: passage 12, G: passage
34. A) Morpholgy; B) SSEA-1; C)
SSEA-3; D) SSEA-4; E) TRA-1-60;
F) TRA-I-81, and G) Oct-4. Scale
bar: 25 um.

derived from ectoderm, mesoderm, and endoderm. To ana-
lyze the in vivo pluripotency of the derived hES cell lines,
we transplanted clusters of hES cells under the kidney cap-
sule of SCID mice. Eight weeks after the transplantation the
mice were sacrificed and teratomas were analyzed. To dis-
tinguish human cells from mouse cells, we used antibodies
specific for human-specific nuclear antigen [22] and human
E-cadherin. Xenografting of hES cluster resulted in two
morphologically distinct structures in the kidneys. From a
majority of the cell lines (SA002, AS034, AS034.1,SA 21,
and SA181) solid teratomas, consisting of highly differen-
tiated cells and tissues derived from all three germ layers,
such as gut epithelium; glandular epithelium (endoderm);
cartilage, bone, smooth muscle, striated muscle, and kidney
glomeruli-like structures (mesodermy); and pigment epithe-
lial cells, neural epithelium, hair follicles, and stratified
squamous epithelium {ectoderm) formed (Fig. 7, Table 1,
data not shown). However, two of the cell lines (FCO18,
AS038) consistently formed fluid-filled cyst-like structures
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Figure 7. Teratoma analysis. A, B) Low-power view of a solid nsmor from cell
line SA121 (A} and a fluid-filled cyst generated from cell line FC018 (B). C, D)
Derivatives of the ectoderm. Pigmented epithelitm (arrowheud) and neuroepithe-
liwm (arrow) are shown in C and hair follicles (arrow) in D. E, F) Derivatives of
the mesoderm. Cartilage (arrowhead) and bone (arrow) are shown in E, and
skeleial muscle in F. G, H) Derivatives of the endoderm. Gui-fike epithelitm with
mucous-containing cells (arrowhead) and glandular epithelium are shown in G
and H, respectively. Scale bars: 100 pm.

composed of hES cell-derived connective tissue and epithelial
celis (Fig. 7B, Table 1). Infrequently, these cysts contained
small solid teratomas consisting of cell types derived from
several germ layers (data not shown). Thus, in summary,
whereas all cell lines, including lines with an abnormal kary-
otype, exhibited pluripotent differentiation qualities in vitro,
pluripotency in vivo was only consistently observed in lines
SA002, AS034, AS034.1, SA121, and SA181

DISCUSSION
Here we report the derivation and characterization of
six new hES cell lines. With a few exceptions the cell lines




375

behaved like previously reported blastocyst-derived
plutipotent stem cell lines. We believe that the phenotypic
discordance in vitro and in vivo of some of the character-
ized cell lines is of value both for evaluating present char-
acterization tools and for their further improvement in order
to set up robust criteria for analyzing hES cells.

In addition to the previously reported immunosurgery
protocol [1, 23], we report the successful derivation of hES
cell lines from a spontanecusly hatched blastocyst, and
from blastocysts after enzymatic removal of the zona pellu-
cida by pronase. A possible drawback of only removing the
zona is overgrowth by the trophectoderm and the possible
generation of trophectoderm stem cell lines. However, this
should also be taken into account when using immuno-
surgery since this method does not guarantee complete
removal of trophectoderm cells. Nevertheless, due to the
morphology of trophoectoderm cells, ie., flattened and
polarized as they mature {24], they can be discriminated
from the ICM once plated on MEFs. The fact that all of our
cell lines expressed Oct-4, which normally is downregu-
lated during differentiation and in trophectoderm stem cells
[18, 19], substantiates our conclusion that the derived
pluripotent stem cells were derived from the ICM.

Although four of our cell lines appeared phenotypically
simnilar to previously derived hES cell lines [1, 2, 13], two of
the cell lines (FC018 and AS038) were phenotypically dif-
ferent. Instead of generating solid teratomas upon xenograft-
ing, they developed into cyst-like structures. In contrast,
when differentiated in vitro these lines generated cell types
from all three germ layers. Except for their morphology in
culture, which was similar to the “normal” hES cell lines,
FC018 and AS038 also exhibited aberrant expression pat-
terns of some of the markets characteristic for undifferenti-
ated and differentiated hES cells, respectively. However,
with time, the expression of these markers became reminis-
cent of normal hES cells. Whether the temporal shift in
marker expression pattern in these cell lines can be
explained by an initial mixed population of cells which went
through selection, or whether cells were more prone to spon-
taneously differentiate initially, is presently unclear.

Our results indicate that adding early differentiation
markers, such as nestin, to the list of markers whose expres-
sion patterns are analyzed in undifferentiated hES cells
improves the detection of early hES cell differentiation. We
show that the expression of nestin, a marker for stem/pre-
cursor cells of neuroectodermal and mesodermal origin,
precede visible morphological signs of differentiation. We
also found that the frequent spontaneous commitment to the
neuroectodermal pathway of cell lines FCOI8 and AS038
correlate with loss of developmental potential to form
derivatives of the three germ layers in vivo.
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By definition, clonal expansion of hES cells is a prereq-
uisite for the strict definition of pluripotent cell lines.
Currently, the culture conditions for clonal expansion of hES
cells are suboptimal. Unlike mouse ES cells, hES cells die at
a high rate when they are dissociated into single cells [5].
Depending on which cell line was used, only 0.1%-1% of
plated single cells was able to generate colonies that could be
propagated. Among the few clones that survived, the majority
were lost due to irreversible differentiation. We found that
concentrated conditioned medium from hES cells grown in
the presence of FCS promoted cell survival and maintenance
of an undifferentiated fate. In general, our experience is that
culture conditions that may be rate limiting for maintaining
undifferentiated growth of hES cells include MEF quality and
density, changes in the osmolarity, pH, and temperature of the
medium, as well as the presence of supplements, such as
B-mercaptoethanol,

The stable maintenance of diploid chromosome number
in the majority of our cell lines indicates that our cell lines
maintained a stable karyotype in vitro after extensive pas-
saging and repeated freezing/thawing cycles. The fact that
two of the stem cell lines were chromosomally abnormal is
not surprising taking into account that Hardarson et al. [25)
recently found that only 42% of surplus IVF embryos were
chromosomally normal at the blastocyst stage.

Consistent with previous reports, xenografting of most of
our cell lines (SA002, AS034, AS034.1, SA118, and SAI21)
generated solid teratomas consisting of endodermal, mesoder-
mal, and ectodermal cell type derivatives [1, 2, 5]. However,
some of the cell lines (FCO18, AS038) preferentially gener-
ated fluid-filled cyst-like structures of human origin. We have
yet fo determine the cellular identity and crigin of these cysts.
Potentially, these cells may be of trophoectoderm origin,
since it was recently shown that hES cells are capable of dif-
ferentiating into extraembryonic derivatives, such as tro-
phoblast cells [26]. Alternatively, FCO18 and AS038 may
represent primitive endoderm lineages. However, the facts
that undifferentiated colonies of these cell lines expressed sig-
nificant levels of Oct-4, and that they lacked expression of
primitive endoderm markers, such as Gatad and AFP [27, 28],
suggest that it is unlikely that they are of extraernbryonic or
primitive endoderm origin (data not shown).

Needless to say, more knowledge is needed about basic
hES cell biology, such as the regulatory pathways that govern
self-renewal and differentiation, before it will be possible
to appreciate the potential applications of hES cells in basic
science and cell-replacement therapy.

ACKNOWLEDGMENTS
We acknowledge Katarina Andersson, Karin Axelsson,
and Angelica Niklasson for assistance with derivation,



Heins, Englund, Sjoblom et al.

characterization, and propagation of hES cells; Anifa
Sjogren and Thorir Hardarson for culture of human
embryos; Gunilla Caisander for karyotyping and FISH
analysis, fnger Bryman and staff at the IVF clinic at the
Sahlgrenska University Hospital; Monalill Lundgist at
IVF clinic at the Uppsala University Hospital; and Matts
Wikland at Fertility Center Scandinavia for supplying

376

embryos. We thank Marie Rehnstrom and Ulrika Karlsson
for assistance in subcloning; Gabriella Brolén for support
in stainings and cell culture; and Peter Sartipy for general
assistance. The work was supported by grants from the Cell
Therapeutics Scandinavia AB, Swedish Research Council
(H.S.), Juvenile Diabetes Research Foundation (H.5.), and
Inga Britt och Arne Lundbergs Forskningsstiftelse (H.5.).

REFERENCES

| Thomson JA, Tliskovitz-Eldor J, Shapiro SS et al. Embryonic
stem cell lines derived from human blastocysts. Science
1998;282:1145-1147.

2 Reubinoff BE, Pera MF, Fong CY el al. Embryonic stem cell
lines from human blastocysts: somatic differentiation in vitro.
Nat Biotechnol 2000;18:399-404.

3 Bongso A, Fong CY, Ng SC et al. Tsolation and culture of
inner cell mass cells from human blastocysts. Hum Reprod
1994;9:2110-2117.

4 Piedrahita JA, Anderson GB, BonDurant RH. On the isola-
tion of embryonic stem (ES) cells: comparative behavior of
murine, porcine, and ovine embryos. Theriogenology
1990;34:879-901.

5 Amit M, Carpenter MK, Inokuma MS et al. Clonally derived
human embryonic stem cell lines maintain pluripotency and
proliferalive potential for prolonged periods of culture. Dev
Biol 2000;227:271-278,

6 Sjoblom C, Wikland M, Robertson SA. Granulocyte-macro-
phage colony-stimulating factor promotes human biastocyst
develepment in vitro. Hum Reprod 1999;14:3069-3076.

7 Bergh C, Howles CM, Borg K et al. Recombinant human folli-
cle stimulating hormone (r-hFSH; Gonal-F) versus highly puri-
fied urinary FSH (Metrodin HP): resulis of 2 randomized
comparative study in women undergoing assisted reproductive
techniques. Hum Reprod 1997;12:2133-2139,

8 Dokras A, Sargent IL, Barlow DH. Human blastocyst grad-
ing: an indicator of developmental potential? Hum Reprod
1993,8:2119-2127.

9 Hogan B, Beddinton R, Costatini F et al. Manipulating the
Mouse Embryo: A Laboratory Manual. 2nd Ed. Plainview,
NY: Cold Spring Harbor Labaratory Press, 1994:260-261.

10 Thomson JA, Marshall VS. Primate embryonic stem cells.
Curr Top Dev Biol 1998;38:133-165.

11 McEachera MJ, Krauskopf A, Blackburn EH. Telomeres and
their control. Annu Rev Genet 2000;34:331-358.

12 Bosma MJ, Carrofl AM. The SCID mouse mutant; definition,
characterization, and potential uses. Annu Rev Immunol
1991,9:323-350.

13 Mitalipova M, Calhoun J, Shin S et al. Human embryonic
stem cell lines derived from discarded embryos. STEM CELLS
2003;21:521-526.

14 Thomson JA, Kalishmar J, Golos TG et al. Isolation of a pri-
mate embryonic stem cell line. Proc Natl Acad Sci USA
1995;92:7844-7848.

15 Andrews PW, Casper J, Damjanov | et al. Comparative analysis
of cell surface antigens expressed by cell lines derived from
human germ cell tumours. Int J Cancer 1996;66:806-816.

16 Knowles BB, Aden DP, Solter D. Monoclonal antibody
detecting a stage-specific embryonic antigen (SSEA-1) on
preimplantation mouse embryos and teratocarcinoma cells.
Cumr Top Microbiol Immunol 1978;81:51-53.

17 Lendahl U, Zimmerman LB, McKay RD. CNS stem cells
express a new class of intermediate filament protein. Cell
1990,60:585-595.

18 Hansis C, Grifo JA, Krey LC. Oct-4 expression in inner cell
mass and trophectoderm of human blastocysts. Mol Hum
Reprod 2000;6:999-1004.

19 Lebkowski JS, Gold J, Xu C et al. Human embryonic stem cells:
culture, differentiation, and genetic modification for regenerative
medicine applications, Cancer J 2001;7 (suppl 2):83-93.

20 Xu C, Inokuma MS, Denham J et al. Feeder-free growth of
undifferentiated human embryonic stem cells. Nat Biotechnol
2001:19:971-974.

21 Ttskovitz-Eldor J, Schuldiner M, Karsenti D et al, Differentiation
of human embryonic stern cells into embryoid bodies com-
promising the three embryonic germ layers. Mol Med
2000,6:88-95.

22 Vescovi AL, Parati EA, Gritti A et al. Isolation and cloning
of multipotential stem cells from the embryonic human CNS
and establishment of transplantable human neural stem cell
lines by epigenetic stimulation. Exp Neurol 1999;156:71-83.

23 Solter D, Knowles BB. Immunosurgery of mouse blastocyst.
Proc Natl Acad Sci USA 1975;72:5099-5102.

24 Talbot NC, Powell AM, Rexroad CE Jr. In vitro pluripotency
of cpiblasts derived from bovine blastocysts. Mol Reprod
Dev 1995;42:35-52.

25 Hardarson T, Caisander G, Sjogren A et al. A morphological
and chromosomal study of blastocysts developing from mor-
phologically suboptimal human pre-embryos compared with
control blastocysts. Ham Reprod 2003;18:399-407.

26 Xu RH, Chen X, Li DS et al. BMP4 initiates human embry-
onic stem cell differentiation to trophoblast. Nat Biotechnol
2002;20:1261-1264.

27 Dziadek MA, Andrews GK. Tissue specificity of alpha-feto-
protein messenger RNA expression during mouse embryogene-
sis. EMBO 7 1983,2:549-554.

28 Arceci R, King AA, Simon MC et al. Mouse GATA-4: a
retinoic acid-inducible GATA-binding transcription factor
expressed in endodermally derived tissues and heart. Mol
Cell Biol 1993;13:2235-2246.




From: catharina.ellerstrom@cellartis.com

To: HESCREGISTRY (NIH/NIDCD)

Ce: johan.hyliner@cellartis.com

Subject: SV: New hESC Registry Application Request #2010-ADM-D0S
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Attachments: Document 4, Assyrance Rf Conditions SA001, SADQ2, SAGD2.5.ndE
ENCLOSURE ] Procedure. for establishment.pdf
Document 2. Informed Cansent.pdf

i 3 Certiication of } nlomed i

Dear Dr Gadbois,

Fist of ali T would like to apologize for cur delay in response in this matter. This is not in any way reflecting
our intension/aim to have our lines added to the NIH Human Embryonic Stem Cell Registry which is highly
important to us. Below you will find our answers on your questions regarding our hES lines SA001, SA002
and the SAQ02.5. As discussed with you colleagues that attended ISSCR 2010 we send you these answers in an
e-mail, but if you need the content as a signed letter we will be happy to provide that to you. If you have any
further questions or need of clarifications please do not hesitate to ask me. I will answer promptly.

1. Can you confirm that the cell lines from which SA0)1 and SA002 were derived were considered to be
of “low guality” (i.e. not appropriate for uterine transfer)?

Yes, we can:

According to Swedish law surplus embryos can not be stored frozen longer than up to five years.
Consequently, embryos that have been stored for 5 years can not_be used for uterine transfer and are then to be
discarded. These embryos can be used for scientific purposes, e.g. to derive hESCs, if the individuals who
sought reproductive treatment gave a voluntary written consent. This means that in Sweden we are allowed to
not only derive hESCs from embryo of low quality” but also from blastocysts originating from high quality
embryos that had been stored for 5 years. Consequently, blastocysts were obtained from the IVF clinic that
cither came from poor developed embryos (i.e. not appropriate for uterine transfer) or from surplus embryo
that had been frozen but kept in the liquid nitrogen tank for 5 years. These embryos were then cultured to

blastocysts from which hESCs could be derived. —

SA002 was derived from an embryo that had been stored in liquid nitrogen for the maximum time and was
therefore excluded for any uterine transfer. SA001 was derived early on and the information of this blastocyst
is in a laboratory book from early 2001 by a person who long ago left the company. If this information is vital
for NIH Human Embryonic Stem Cell registry, then I will definitely revisit our archive again. Please let me
know! Nota Bene! Both SA001 and SAD02 was derived from blastocysts according to NIH Guidelines Section
[I(A).

Enclosure 1 describes the whole procedure for hESCs establishment and includes a description of the donating
procedure as well.

2. Can you please confirm whether both members of the donor couple signed the informed consent
forms? Please note that the NIH Guidelines require written information consent from the individual(s)
who sought reproductive treatment, so in the case of a couple who used a third party gamete donor, both
members of the couple must still consent for the donation of the embryo for research

According to Swedish law both members of the donor couple must sign the written consent. We hereby
confirm that written consent was obtained from the both members of the donor couple from SA001 and
SAQ02. This is reflected in all provided expamples of donor consents (see Enclosure 2) with lines for both
donors to sign. In the later donor consents (end of Enclosure 2) this is clarified further since also both donors
have to provide their social security numbers. Finally, in Enclosure 3, Professor Christina Bergh confirms that
written consent has been obtained from both donating couples.

Please provide further detail on how Element 6 of the NIH Guidelines was met. (“Decisions related to the
creation of human embryos for reproductive purposes should have been made free from the influence of
researchers proposing to derive or utilize hESCs in research. The attending physician responsible for
reproductive clinical care and the researcher deriving and/or proposing to utilize hESCs should not have
been the same person unless separation was not practicable.”) In particular, please provide:

The name of the individual(s) who served as the treating physician(s) at the fertility treatment
facility for the patients who donated the embryos from which SA001 and SA002 were

—
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derived. —1
Associate Professor Lars Nilsson served as the attending physician at the time of the donations.
Was the physician(s) also involved in the research to derive or utilize hESCs from those
embryos? No he was not involved in the research to derive or utilize hESCs from those
embryos.
The name of the principal investigator(s) for the research preject. Did the principal *
investigator(s) interact with the embryo donors? Associate Professor Charles Hanson was the
PI for the research project. He had no whatsoever contact with the donating couples.
See also Enclosure 1 which describes the donor consent process.
See also Enclosure 4 which shows assurance of conditions of consent for human embryonic
stem cell lines SA00I, SA002 and SA002.5.

Please provide further detail on how Element 8 of the NIH Guidelines was met. (“Donor(s) should have
been informed that they retained the right to withdraw consent for the donation of the embryo until the
embryos were actually used to derive embryonic stem cells or until information which could link the
identity of the donor(s) with the embryo was no longer retained, if applicable.”) We note that donors
were informed by the Patient Information sheet that they could terminate their participation at any
time. Were donors provided any other information (written or oral) indicating that there was a point at
which donation of the embryo could not be revoked? For lines that can be identified the donating couple
can terminate their participation at any time. For the non-identified lines (which include SA001, SA002 and T
SA002.5) the donating couples could terminate their participation until the information which could link the *
identity of the donors with the embryo (hESC line) was no longer retained. The denors obtained this
information.

Please provide further detail on how Element 10 of the NIH Guidelines was met, cither in written
information or through oral discussions. (“During the consent process, doner(s) were informed of the T
following: What would happen to the embryos in the derivation of hESCs for research.”)

is information has been provided to the donating couples in written (please see Enclosure 2). *

Please provide further detail on how Element 11 of the NIH Guidelines was met, either in written
information or through oral discussions. (“During the consent process, donor(s) were informed of the
following: That hESCs derived from the embryos might be kept for many years.”) We note that the
donors were reconsented several times for use of the hESC lines for certain periods of time. Please 1
clarify what the donors were told on this topic. It is correct that the donors were reconsented several times.
This reflects in many ways the development of the hESC field. Both SAQ01 and SA002 were derived early
2001 when the human stem cell field was new to the world and to Sweden. When the first donor consents were
prepared there was yet no practical experience of hESC derivation and culture in Sweden and the possible *
donors were only asked if their surplus embryos could be used to devetop the hESC culture technique. In the
21 written consent we asked to extend the culture time to 2 years. In the 3™ consent we asked for their

permission to extend the culture beyond 2 years and in the 4t we asked for their permission to send the hESCs
abroad to other research laboratories.

Please provide further detail on how Element 15 of the NIH Guidelines was me, either in written
information or through oral discussions. (“During the consent process, donor(s) were informed of the
following: Whether information that could identify the donor(s) would be available to researchers.”)

Jlartis do not have, and have never had any whatsoever possibility to identify the donating couples. Information ]
and informed consent was handled by an attending physician (Associate Professor Lars Nilsson) who had no
involvement in the stem cell project. Initially he orally informed the donors that only key personal at the IVF
clinic were able to connect donors to embryo, but in the later consents this information was also included *
written (sce Enclosure 2).

»u will find the whole donating procedure deseribed in Enclosure 1 and also a more detailed answer in Enclosure
4,

Kind regards,

Catharina
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Procedure for the establishment of human embrycnic stem cell lines

Location: Sahigrenska University Hospital
Dept of Obstetrics and Gynaecoifogy
Goteborg, SWEDEN

An IVF-treatment is usually preceded by an infertlity investigation, which inciudes e.g.
ultrasound of uterus and ovaries, investigation of tubal patency, hormone and sperm analysis.

Normally, several eggs are fertilized during 'VF and if the surplus embryos which are not
transferred are considerad to be of adequate quality (see below) they can be stored frozen. If
the woman does not become pregnant with the fresh eggs, the frozen eggs can be thawed and
introduced at a later time point. The embryos that do not reach the stringent inclusion criteria for
transfer or freezing are discarded (Grade 3 or 4 embryos). According to the Swedish law,
fertilized eggs can be stored frozen for a maximum of 5 years. After this period the embryos can
not be used for implantation and are therefore discarded. Patients can, if they wish, finish the
storage whenever they like during this 5-year period and decide that the embryos should be

discarded.

However, it is possible to confinue culturing these embryos that otherwise should have been
discarded. Some of these embryos will thereby develop to blastocysts from which the inner cells
mass can be isolated and be the source of embryonic stem cells, A prerequisite for using these
embryos for research is that the patients give their informed consent.

For donation of fresh embryos, the patients are informed about the project during the first visit at
the clinic before the start of the IVF-treatment. This gives the patients 1-2 months to consider
their decision regarding donation of embryos.

For donation of frozen embryos, the patients are informed by a letter about the project well
before the 5-year time limit for frozen embryos. If they wish to donate their frozen embryos, they
sign and return an informed consent.

Procedure for fresh embryo:

On day 0 the oocyte is aspirated and fertiized. The fertilized and cleaved ococyte, i.e. the
embryo, is evaluated based on morphology and cel division on day 2. The following scale is
used for embryo evaluation:

Grade 1 embryo: 4-6 cells, even sized blastomeres, no fragments

Grade 2 embryo: 4-6 cells, <20% fragments and/or uneven sized hlastomers

Grade 3 embryo: >20% fragments and/or degenerated cells

Grade 4 embryo: >50% fragments and or degenerated cells

After evaluation on day 2, embryos of grade 1 and 2 are either transferred or frozen for transfer
at a later time point. Embryos of grade 3 and 4 are discarded.

Procedure for freezing of embryos:
At day 2 after fertilization the embryos are frozen at the 4-cell stage.
Frozen embryos are stored in liquid nitrogen.
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Arvid Waligrens Backe 20
SE-413 46 Gataborg, Sweden
Tel +46 3175809 00
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Figure 1. Flow chart illustrating the procedure for sefgction of embryos used for transfer.

it is possible to isolate embryonic stem cells from blastocysts established from discarded
embryos (either fresh or frozen) initially produced for IVF treatment if informed cansent has
been obtained from the patients.

Procedure for fresh embiyo:

Cleavage state embryos of grade 3 are donated day 2 after fertilization. The embryos are further
cultured for 2-4 days (i.e. to day 5-7). These later stage embryos, i.e. blastocysls are evaluated
according to the following scale:

Grade A Blastocyst: Expanded with distinct inner cell mass {ICM) onday 5 or 8

Grade B Blastocyst: Peorly expanded and/or less defined 1CM

Grade C Blastocyst: Poorly developed with no visible ICM or with degenerative foci in the ICM

Procedurs for frozen embryo:
At day 2 after fertilization the embryos are frozen at the 4-call stage and stored in liquid
nitrogen. The embryos are thawed, and the procedure described above is then followed.
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Figure 2. Flow chart fflustrating the procedure for establishment of blastocysts used for
derivation of hES cells. See text for details.

Storage and information flow

The undertaken research will solely use existing data or specimens. In addition, the data or
specimens are not publicly available and the information recorded by the investigators cannot
be directly linked to the subject. Thus, it does not involve individually identifiable private
information such that the identity of the donors is or may readily be ascertained by the
investigator or associated with the information.

Patients enrolled in the in vitro fertilization (IVF) program at the Sahigranska University Hospital,
Gothenburg, Sweden, are informed of the stem cell project by a physician who is not directly
connected to the stem cell project. If the couple sighs an informed consent all their surplus
embryos (i.e. embryos not transferred to the woman or frozen) are cultured further, to the
blastocyst stage. The actual procedure renders no financial gain for the donating couple no
matter the extent of physiological andfor psychological suffering that be the result of the VF
treatmant. The embryo selecticn for the hES celf project is performed by independent laboratory
technicians.

If the donated embryos reach the blastocysts stage (at day 5-7 after fertilization), they are given
a number, not linked to the patient and transported to a different facility where the ES cell lines
are established, figure 3. The records are kept In two separate databases. One database has all
the information regarding culture conditions and results of the embryo culture and the biastocyst
number (which if established, also becomes the human ES line number) but no information
regarding the patient. For the uniinked anonymtzed lined no connection exists between those
two databases, figure 4.
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Tel +46 31 758 09 00

Fex +46 31 758 09 10
www.cellartis.com
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Furthermore, according to Swedish law, the IVF number cannot be used to identify the patient’s
identity without access to database | which has access codes only supplied to authorized
hospital personnel working at the IVF ciinic and again, are unrelaied to the stem celi project.
The above described procedures are summarized in Figure 3-4.

informed.gonsentby .
-, the couplg”
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Figure 3. A flow chart showing the handling process with donated embryos.
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atabase | \ Sy | Database Il
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+ > K \ H >
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Figure 4. A flow diagram showing how information for the unlinked anonymized hESC lines are
stored separately in two different databases. There is no connection between the two databases
and persons with access to database /il do not have access to database |,
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This is to centify that the above described procedure is correct and in accordance with national
legisiation and ethical guidelines:

2006 ~11-0F.

Namé and positién; Date:
Jopan Hyllner, COO, Cellartis AB

-

, LOTE - //-C 2

o '.'-Name and 2 ition: ‘ Date:
Christin gh, MD, professor,

Dept of Ebstetrics and Gynecology,
Sahlgrenska Unjversity Hospital

Callartis AB

Arvid Wallgrens Backe 20
SE-413 46 Giteborg, Swedan
Tel +45631 7580900

Fax +46 31 758 09 10
www.cellartis.com

VAT No, SESS6613797101.
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From: catharina ellerstrom®cellartis com

To: HESCREGISTRY (NIH/NIDCD)

Cec: Johen.hyliner@cellartis.cont

Subject: Sv: New hESC Registry Application Request #2010-ADM-005
Date: Tuesday, July 13, 2010 9:41:03 AM

Attachments: Sigrature of signing official Section]I8 .pdf

Dear Dr. Hannemann,

I'll start with your last question regarding a clarification of the text in the translated version of the consent form,
Appendix iii: The first sentence ““We permit that our cells are cultured up to 2 years.” was not corrected

translated. It should read “We permit that our cells are cultured further for two additional years.” The 27
phrass is correct translated. | apologize for this mistake.

Attached please find the signed IIB assurance letter. If you need the original, please let me know.

To be able to answer your three questions in the smail from 9 of July | need to obtain the required information from the
IVF-clinic. Unfortunately they are presently on summer vacation, but as soon as they return I'll ask them to provide us with
the information.

Kind regards,

Catharina Ellerstrdm

Fran: HESCREGISTRY (NIH/NIDCD) [mailto:hescregistry@mail.nih.gov]
Skickat: den 12 juli 2010 17:57

Till: 'catharina.ellerstrom@cellartis.com’

Kopia: johan.hyliner@cellartis.com; HESCREGISTRY (NIH/NIDCD)
Amne: RE: New hESC Registry Application Request #2010-ADM-005

Dear Dr. Ellerstrom,

In addition to the questions below, we hope you can clarify the following. in the translated version of the consent
form, Appendix iii, please clarify the meaning of the two options presented:

“We permit that our cells are cultured up to 2 years.”
“We do not permit that our cells are cultured more than 2 years.”

From the English interpretation, it appears that either choice results in cells being cultured for up to 2 years. Please
clarify what is being asked of the donors and the differences in the two options.

Thank you for attention to our inquiries.
Sincerely,

-Diane Hannemann

Diane E. Hannemann, Ph.D.
Office of Science Policy Analysis
Office of the Direclor

Bldg 1, Room 218D

National Institules of Health
voice: 301.594.0064

fax:  301.402.0280
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From:
To:

Subject:

Date:

Catharing Eflerstrom

HESCREGISTRY (NIH/QD)
RE: Mew hESC Registry Application Request #2010-ADM-005

Tuesday, July 27, 2010 11:57:27 AM

Dear Dr. Hanneman,

1. For you first question I have asked our legal people to clarify the text, but I have not yet received any answer and I

apologize for this delay.

2. SA001 was made from a cryopreserved embryo that had reached the 5 years storage limit. The embryo was created at the

IVF dinic with the intention to be re-implanted into the woman, in uterus.

3. I do not know the rationale behind the 5 years storage limit, but I will forward this question to the IVF clinic. They should
return back from their vacations shortly.

Kind regards,

Catharina

1)

3)

Original Message:

From: "HESCREGISTRY {NIH/NIDCD)" <hescregistry@mail.nih.gov>

To: "'catharina.ellerstrom@cellartis.com
Cc: "johan.hyllner@cellartis.com" <johan.hyllner@cellartis.com>, "HESCREGISTRY (NIH/NIDCD)"
<hescregistry@mail.nih.gov>

Date: Tue, 20 Jul 2010 11:24:42 -0400

<catharina.ellerstrom@cellartis.com>

Subject: RE: New hESC Registry Application Request #2010-ADM-005

Dear

The Working Group for Human Embryonic Stem Cell Eligibility Review has begun its review of this submission and has
asked the following questions:

Please clarify what is meant by the “provider restriction” stating, “research use only.” Does this
mean no therapeutic or clinical use, or no commercial use? (This has no bearing on the decision of
whether the lines are eligible for use under the NIH Guidelines, but rather is information that we
want to make sure is understood correctly by NIH grantees in the event that the lines are

Dr. Ellerstrom,

approved.)

Please confirm that SA001 was derived from a clinical grade cryopreserved embryo.

We understand from your submission that according to Swedish law, surplus embryos cannot be
stored frozen longer than five years. Do you know the rationale for this requirement?

Thank you for your continued efforts in this review process.

Sincerely,
-Diane Hannemann

Diane

E. Hannemann, Ph.D.

Office of Science Policy Analysis

Offica

of the Director

National Institutes of Health

voice:
fax:

301.594.0064
301.402.0280
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From: Catharing Ellerstrom

Ta: HESCREGISTRY (NIH/QD)

Subject: RE: New hESC Reglstry Application Request #2010-ADM-005

Date: Thursday, August 19, 2010 5:04:34 PM

Attachments: ENCLOSURE | Donor Consent A (English)l .odf
ENCLOSURE 2 .pdf

ENCLOSURE 3 . Assurance ofConditions SA001, SA002, SA002.5.pdf

Dear Dr. Hannemann,

Below find our answers, If you have any further questions we will be ready to answer them too
(promptly this time since everybody now are back at work).
Kind regards,

Catharina Ellerstrdm

b

----- Qriginal Message--——-

From: "HESCREGISTRY (NIH/OD)" <hescregistry@mail.nih.gov>

To: "catharina.ellerstrom@cellartis.com™ <catharina.ellerstrom@cellartis.com>
Cc: "HESCREGISTRY (NIH/OD)" <hescregistry@mail.nih.gov>

Date: Tue, 17 Aug 2010 10:49:59 -0400

Subject: RE: New hESC Registry Application Request #2010-ADM-005

Dear Dr. Ellerstrom,

The NIH Advisory Committee to the Director Working Group for Human Embryonic Stem Cell Eligibility Review
is meeting next week. We would like to include the Cellartis submission (now numbered 2010-ACD-010) on
the agenda for discussion, if possible.

To do so, please let us know if you can obtain the information you requested from the IVF clinic and send to

NIH by this Thursday, August 19th (USA calendar). Below is a recap of the open questions. Information
regarding the first question would be most helpful before the working group meeting next week.

How were patients informed of the options available for use of the embryos no longer needed for
reproductive purposes? In particular, please provide a copy of the letter (mentioned in the document titled
“Procedure for the establishment of human embryonic stem cell linas”) which was given to patients with
frozen embryos prior to the 5-year time limit for retention of frozen embryos. Both SAQ001 and SA002 were
derived from frozen embryos that had reached their frozen storage limit of 5 years. The patients recived a
letter well in advance of the deadline in where they where informed of the different choices they had. You
will find the translated content in Enclosure 1 and the original in Swedish in Enclosure 2.

Please send copies of the IVF treatment consents, with any patient information removed. See Enclosure 3 =
inwhere the head of the IVF clinic state and signed a document describing the IVF treatment and the donating
procedure. | do not belive that there was any specific IVF treatment concent since this should not be
necessary in Sweden according to the Swedish law. Please let me know if this information is sufficient for the

NIH or if you need further clarifications. .

Please clarify what is meant by the “provider restriction” stating, “research use only.” Does this mean no
therapeutic or clinical use, or no commercial use? (This has no bearing on the decision of whether the lines
are eligible for use under the NIH Guidelines, but rather is information that we want to make sure is
understood correctly by NIH grantees in the event that the lines are approved.) This text is found in our MTA
for hES cells. The hES cell lines SAQ01 and SAQ02 are pet approved for theraputical or clinical use and our
MTA do not permit any commercial use.

¥



SAHLGRENSKA UNIVERSITY HOSPITAL
2001-04-09
Division of Women's Health Care, Urology and Oncology

You have undergone IVF treatment .......... and at that time .....numbers of embryos were frozen down.
The time for your siorage of frozen embryos will expire within 3-6 months, more specifically the ...........
and according to our notes you have not applied for exemption (for longer storage). If no application for
exemption is submitted prior the storage deadline then according to the Swedish law we have to destroy
your embryos. Since the freezing/storage time is as long as five years, we believe that Socialstyrelsen
(The National Board of Health and Welfare) will not grant an exemption as long as not very specific
reasons are presented.

An application to Socialstyrelsen shall according to their instructions, be submitted latest two months prior
to the expiration of the freeze storage time. The application should be submitted to us two weeks prior so
that we can confirm the presence of the frozen embryos.

To facilitate any application for exemption, please state clearly if you have any specific reasons or cause
to apply for an exemption.

If we do not receive any exemption application from you prior the stated frozen storage deadline then we
will follow the Swedish law and destroy your embryos.

In the event of that you do not apply for an exemption we would be very grateful if you could inform us in
time and that you inform us if you will allow method development/ research on the embryos prior their
destruction or if you do not allow any work to be conducted using your embryos. Please indicate your
answer in one of the boxes below. If we get your permission to use your embryos for method development
fresearch then we kindly ask you to read through and sign the attached patient information. The signed
patient information form should then be returned hack to us together with this signed document {a
stamped and addressed envelope is attached).

Goteborg 2001-02-19
Lars Nilsson,
Associate Professor
Division of Women's Health Care/IVF
SU/Sahlgrenska
] Are applying for an exemption (please attach copy).

] Are not applying for exemption. You may destroy our embryos.

[] Are not seeking exemption. We allow research using the embryos prior to destruction
(please attach the signed patient information).

SU/Sahlgrenska, division H Phone 031-342 10 00 Version® (2001-01-11)
Diviston of Women’s Health Care  Fax: 031-82 47 01 Replaces previously versions




From: catharing.ellerstrom®cellartis.com

To: HESCREGISTRY (NIH/Q0)
Subject: S New hESC Registry Application Request #2010-ADM-005
Date: Tuesday, August 24, 2010 10:00:32 AM

Dear Dr. Hannemann,

According fo the information | have obtained from the IVF people we work with, the following arguments were behind the

Swedish legislation that limits the storage of human embryos lo five years: First and most importantly they wanted to avoid a %
too big age gap between siblings. Then, there was also a practical reason to limit the storage tlime. An unlimited or a longer

maximumn storage time would demand significantly more storage space and handling.

Kind regards,

Catharina Ellerstrém

Frdn: HESCREGISTRY {NIH/OD) [mailto:hescregistry@mail.nih.gov]
Skickat: den 20 augusti 2010 18:16

Till: 'catharina.ellerstrom@cellartis.com'

Kopia: HESCREGISTRY {NIH/OD)

Amne: RE; New hESC Registry Application Request #2010-ADM-005

Dear Dr. Ellerstrom,

Thank you for this additional information. | hope you may also be able to answer this earlier question from the Working
Group:

We understand from your submission that accerding to Swedish law, surplus embryos cannot be stored
frozen longer than five years. Do you know the rationale for this requirement?

Thank you for your on-going efforts as we continue this review process.

Sincerely,
-Diane Hannemann

Diane E. Hannemann, Ph.D.
Office of Science Policy Analysis
Office of the Director

National Institutes of Health
voice: 301.594.0064

fax:  301.402.0280

(\ PLEASE QNLY PRINT
HRES WHEN NECE5SARY.
—”’

From: Catharina Ellerstrom [mailto:catharina.ellerstrom@cellartis.com]
Sent: Thursday, August 19, 2010 5:04 PM

To: HESCREGISTRY {NIH/OD)

Subject: RE: New hESC Registry Application Request #2010-ADM-005

Dear Dr. Hannemann,

Below find our answers. [f you have any further questions we will be ready to answer them too (promptly this time
since everybody now are back at work).
Kind regards,

Catharina Ellerstrom






