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Request #: 2010-ACD-005
Status: - Pending

Review: ACD 7

Assurance: Yes (Section I(B))
Certification: Yes

‘Signing Official (SO) JAYRANGA / +91 80-22082751 /
-admin@jncasr.ac.in . -

Orgamzatlon Jawaharlal Nehru Centre for Advanced Scientific
Research

Org Address: Jakkur P.O., Bangalore 560064, India

DUNS: 650198666 Grant Number(s):

Submitter of Request: Maneesha S Inamdar / +91-80-22082818 /

-Authority: ~ Yes

Cell Lines: 2 -
Available: 2

Previous #:
2009-DRAFT-036
2009-ADM-010

Switch to ADM

http://hescregapp.od.nih.gov/login/list.htm?DetailList=yes&id=36

| The cell Imes are available-from the originator upon approval by a Steering

| http:/iwww.ukstemcelibank.org.uk/catalogue.html The cell lines are also

Submltter Comments: The owners of the cell lines are- Jawaharlal Nehru
Centre for Advanced Scientific Research, Bangalore; National Centre for
Biological Sciences, Bangalore and Bangalore Assisted Conception
Centre, Bangalore .

Committee and signing of an MTA. The two cell lines have been deposited
in the UK Stem Cell Bank and are due for release soon. Please see
http://www.ukstemcellbank.org.uk/catalogue.html The cell lines are also
listed in the hESC Registry, Europe.

Please see publication- Derivation and characterization of two sibling
human embryonic stem cell lines from discarded Grade Ill embryos.
Inamdar et al., Stem Cells and Development., 2009 Apr;18(3):423-33. The
cells are in continuous culture for over 30 months (more than passage no.
200) and maintain pluripotent phenotype.

Line #1: BJNhem19

NIH Approval #:

Available: Yes

Embryo from U.S.: No

Embryo Donated in Year(s): 2007

Provider Name: Jawaharlal Nehru Centre for Advanced Scientific -
Research .

Provider Phone: +91-80-22082818

Provider Email: inamdar@jncasr.ac.in

Provider URL: http://www.jncasr.ac.in/

Provider Restrictions: For research purposes only; no therapeutic use in
humans Use as per Government of India.

NIH Restrictions:

Additional Information: The owners of the cell lines are- Jawaharlal
Nehru Centre for Advanced Scientific Research, Bangalore; National
Centre for Biological Sciences, Bangalore and Bangaiore Assisted
Conceptlon Centre, Bangalore.

The cell lines are available from. the originator upon approval by a Steering
Committee and signing of an MTA. The two cell lines have been deposited
in the UK Stem Cell Bank and are due for release soon. Please see
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human embryonic stem cell lines from discarded Grade Ill embryos.

| Inamdar et al., Stem Cells and Development., 2009 Apr;18(3):423-33. The

cells are in contlnuous culture for over 30 months (more than passage no.
200) and maintain pluripotent phenotype.

Line #2: BJNhem20
‘NIH Approval #:
Available: Yes .
Embryo from U.S.: No
Embryo Donated in Year(s): 2007 ,
Provider Name: Jawaharlal Nehru Centre for Advanced Scientific
| Research '
, Provider Phone: +91-80-22082818
. Provider Email: inamdar@jncasr.ac.in
Provider URL: http://www.jncasr.ac.in/
Provider Restrictions: For research purposes only, no therapeutic use in
humans. Use as per Government.of India.

'NIH Restrictio,ng:

Additional Information: The owners of the cell lines are- Jawaharlal
Nehru Centre for Advanced Scientific Research, Bangalore; National
Centre for Biological Sciences, Bangalore and Bangalore Assusted
Conceptlon Centre, Bangalore.

The cell lines are avallable from the originator upon approval by a Steering
Committee and signing of an MTA. The two cell lines have been deposited -
in the UK Stem Cell Bank and are due for release soon. Please see
hitp://www.ukstemcellbank.org.uk/catalogue.html The cell lines are also
listed in the hESC Registry, Europei

Please see publication- Derivation and characterization of two sibling
human embryonic stem cell lines from discarded Grade Il embryos.
Inamdar et al., Stem Cells and Development., 2009 Apr;18(3):423- 33. The
cells are in contlnuous culture for over 30 months (more than passage no.
_200) and maintain pluripotent phenotype. -
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Switching to ACD Review per Decision by NIH senior staff—E. Gadbons 12
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JAWAHARLAL NEHRU CENTRE FOR ADVANCED SCIENTIFIC RESEARCH
| (A Deemed Liniversity)
TR, W ~ 560 064, WH / Jakkur P.O,, Bangalore - 560 064. INDIA

INC/AO! NIH/MI/09 December 16, 2009
To:

NIH Stem Cell Registry:
(NIH/NIDCD, USA)

Subject : Regarding Human ES cell lines BINhem19 and BINhem20

I hereby certify that the statemeénts in the Request for Human Embryenic Stetn Cell Line
to be Approved for Use in NIH Funded Research (NIH Form 2890), submitted by Dr.
Maneesha 8, Inamdar, and below, are true, complets and accurate to the best of my
knowledge. I am aware that any false, fictitious, or fraudulent stateients or claims may
subject me to criminal, civil, or administtative penalties (U.S. Code, Title 18,
Section1001),

I further confirm that that 1 have the authority and/or rights pertaining to the human
embryonic stem cell line(s) identified in item 6 of the form to take this request for NIH
review and determination of eligibility for use in NIH funded: research (e.g., I am the
owner, deriver Or licensee or have written permission of the same to submit). Any and all
testrictions on the use of the stem cell line are elearly and complefely identified in item 8
of the form.

Assurance Statement N
Assurance in accord with Section H(B) of the NIH Guidelinés:

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. 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 articulated in Section 1I(A) of the NIH Guidelines for Human for Human Stem
Cell Research, 45 CFR 46 Subpart A, and the following points to consider: duyring the
informed consent process, including writien and oral communications, whether the
donor(s) were: (1) informed of other available options pertaining to the use of the
embryo; (2) offered any inducements for the donation of the embtyo ; and (3) informed
about what would happen to the embryo after the donation {or research,
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I acknowledge: that T have read, understood, and agieed to the infotmation provided on
the form, including the Instructions for completing the form, and the Certification,
Authority and Assurance provided above.

A.NJayachandra

Sr. Administrative Officer

Jawaharlal Nehru Centre for Advanced:Scientific Research
Jakkur P.O., Bangalore

B bt VACHANDRA
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JA\NAHA\RLAL NEHRU CENTRE FOR: ADVANCED scseumc RESEARGH

. e - 560 064 | JAKKUR, BANGALORE - 560 084




CONSENT FOR USING EMBRYOS FOR RESEARCH PURPOSES

We and

hereby grant consent for the use for the purpose of

research, our surplus embryos, developed from our gametes after IVF/ICSI, which cannot be used for
treatment or cryopreservation. We understand that the embryos would normally be destroyed if not used
for the purpose of research.

We have been explained about the research project by in a

language that we understand and we accept that:

1) Only those fresh or frozen embryos that are surplus to treatment will be used for research

2) The Research is experimental and any gametes and embryos used and created for the purposes of
any project of research will not be transferred for treatment

3) The Research will not affect the treatment cycle

4) The donation of gametes or embryos for research will not compromise treatmerit

5) After the research has been completed, all donated gametes and embryos that have not been used
will be allowed to perish

6) We have been given thorough and appropriate information and have understood that any stem
cells lines created may continue indefinitely and may be used in different research projects

7) We understand that there will be no monetary benefit either for us or for the organization
conducting the research.

8) We have fully understood that we are under no obligation to donate gametes and embryos for the
research and have the right to vary or withdraw our consent at any time up until the gametes and

embryos are used for the purposes of such research

NOTE: If you wish to stop your participation in this research study for any reason, you should contact the
principal investigator: at 6/7 Kumara Krupa Road, Highgrounds,
Bangalore 560 001. Tel; 91-80-22260880 / 41138255 You may also call the principal investigator for any

questions, concerns, or complaints about the research. You are free to withdraw your consent and stop
participation in this research study at any time without penalty or loss of benefits for which you may be
entitled. Throughout the study, the researchers will notify you of new information that may become

available and that might affect your decision to remain in the study.

Signed: (Husband)

(Wife)

(Principal Investigator)




JAWAHARLAL NEHRU CENTRE FOR ADVANCED SCIENTIFIC RESEARCH
{A Deemed University)
e, #eR - 560 084, WRY / Jakkur P.Q,, Bangalore - 560 064, INDIA

This is to certify that the JINCASR Institutional Committee for Stem Cell Research
and Therapy (IC-SCRT) has examined the project proposal: “Training and
Research Facility for Human Embryonic Stem and Human Embryonic Carcinoma
Cells.” funded by the Department of Biotechnology, Government of India, New
Delhi. In addition, Professor Maneesha Inamdar, a principal investigator on the
project proposal has made a presentation to the committee meeting held on July
16, 2007, on the progress of the project.

In s0 far as we are aware, the project fulfilis the. draft *ICMR-DBT Guidelines for
Stem Cell Research and Therapy”, Therefore, it has been ethically approved that
Professor Inamdar can continue with the project for the Training and Research
components of the project, which includées derivation of new human embryonic
stem cell lines.

Anuranjan Anand
Place : Bangalore Chairperson
Date :09/8/07 IC-SCRT, INCASR

Bangalore

Bty O (060) 22082750 () Fax; (080) 22082766 / 23602468 { 23501438 [ E-mail: admingincasr.acin L} Website: REpI/wwwincast ac.in
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Foreword

Great promise for improvements in human health ave offeved by rvesearch using human
stem cells, both adult and embryonic. Like many scientific advances, these technologies raise
questions about balancing the promises offeved against the potential haym for appropriate
application.

Few advances in Science and Technology have genevated as much controversy as the use of
human embryonic stem cells (WESCs) harvested from the pre-implantation embryos. The
potential of hESCs to replace dead ov damaged cells in any tissue of the body hevalds the
advent of a new field of medicine that may deliver cuves for diseases now thought to be incurable.
In addition, hESCs offer a new model system for studies on the basic mechanisms of novmal
and abmormal development biology as also for drug discovery. These vemarkable cells have
captured the imagination of scientists and clinicians altke and given a new sense of hope to
patients.

In addition, stem cell vesearch vaises many ethical, legal, scientific, and policy issues that
are of concern to the policy makers and public at large. Guidelines for Stem Cell Research and
Therapy has been prepared for adult, cord blood and embryonic stem cells in vesponse to the
support provided by the Govermment to facilitate stem cell research in Indin so as to improve
understanding of human health and disease, and evolve strategies to treat sevious diseases.

These guidelines addvess both ethical and scientific concerns to encourage vesponsible
practices in the aven of stem cell vesearch and thevapy. Since the latter is being contemplated
with greater vigour in India it was necessary to formulate guidelines for development of clinical
grade stem cells. Therefove, a sepavate chapter on Standards for Progenitor Cells Collection,
Processing and Transplantation’ for India has been added to facilitate development of such
cells by Indian researchers.

The Indian Council of Medical Research (ICMR) and the Depavtment of Biotechnology
(DBT) greatfully acknowledge the valuable contributions of the Drafting Committees of
ICMR and DBT.

Dr. M. K. Bhan Dr. N. K. Ganguly

Secvetary Divector General
Department of Biotechnology Indian Council of Medical Research
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Abbreviafions

NAC-SCRT - National Apex Committee for Stem Cell Research
and Therapy

IC-SCRT - Institutional Committee for Stem Cell Research and
Therapy

IEC - Institutional Ethics Committee

IAEC = Institutional Animal Ethics Committee

IVF - In-vitro Fertilization

SCNT - Somatic Cell Nuclear Transfer

DCGI - Drugs Controller General of India

ICMR - Indian Council of Medical Research

DBT - Department of Biotechnology

DST - Department of Science and Technology

HMSC - Health Minister's Screening Committee

hES Cells - Human Embryonic Stem Cells

hEG Cells - Human Embryonic Germ Cells

hSS - Human Somatic Cells

GLP - Good Laboratory Practices

GTP - Good Tissue Practices

GMP - Good Manufacturing Practices

GCP - Good Clinical Practices

SOoP - Standard Operative Procedures

BMT - Bone Marrow Transplantation

GOI - Government of India

MOU - Memorandum of Understanding

SCID - Severe Combined Immunodeficiency Disease

HLA - Human Leukocyte Antigens
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Guidelines for Stem Cell Research and Therapy

Introduction

Stem cell research holds great promise for improving human health by
control of degenerative diseases and restoration of damage to organs
by various injuries; but at the same time it also raises several ethical
and social issues such as destruction of human embryos to create human
embryonic stem (hES) cell lines, potential for introducing
commodification in human tissues and organs with inherent barriers of
access to socioeconomically deprived and possible use of technology
for germ-line engineering and reproductive cloning. The research in
this field, therefore, needs to be regulated to strike a balance.

Of utmost importance is assurance of safety, and rights of those donating
gametes/ blastocysts/ somatic cells for derivation of stem cells; or fetal
tissues/umbilical cord cells/ adult tissue (or cells) for use as stem cells.
Safeguards have also to be in place to protect research participants
receiving stem cell transplants, and patients at large from unproven
therapies/remedies. With success of growing human embryonic stem
cells without feeder layer, derivation of histocompatible hES from
embryos created by Somatic Cell Nuclear Transfer (SCNT) and tissue
specific differentiation of umbilical cord/bone ‘marrow derived
mesenchymal and haematopoeitic stem cells, there is a need to generate
public confidence in potential benefit of stem cell research to human
health and disease. As stem cell therapy is poised to enter into clinical
practice, there is an urgent need to formulate guidelines for Stem cell
Research and Therapy (SCRT).

Aims and scope

To lay down general principles for stem cell research and therapy keeping
in view the ethical issues.

To formulate specific guidelines for derivation, propagation,
differentiation, characterization, banking, and use of human stem cells
for research and therapy.

These guidelines provide a mechanism to ensure that research with
human stem cells is conducted in a responsible and ethically sensitive
manner and complies with all regulatory requirements pertaining to
biomedical research in general and stem cell research in particular.

General principles ‘

Any research on human beings, including human embryos, as subjects
of medical or scientific experimentation, shall adhere to the general
principles outlined in the “Ethical Guidelines for Biomedical Research
on Human Participants” issued by the Indian Council of Medical Research

1
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3.1
3.2
3.3

3.4
3.5

3.6

3.7

4.0

4.1

4.2

4.3

4.4

4.5

(ICMR) 2000, and revised in 2006 (www.icmr.nic.in/bioethics). The same
in brief are enumerated below:

Essentiality of research with potential health benefits.
Respect for human dignity, human rights and fundamental freedoms.

Individual autonomy with respect to informed consent, privacy and
confidentiality in harmony with the individual’s cultural sensitivity and
environment.

Justice with equitable distribution of burden and benefits.
Beneficence with regard to improvement of health of individuals and
society.

Non-maleficence with the aim of minimization of risk and maximization
of benefit.

Freedom of conducting research with due respect to the above within
the regulatory framework.

Mechanism for review and monitoring

The area of stem cell research being new and associated with rapid
scientific developments and complicated ethical, social and legal issues
requires extra care and expertise in scientific and ethical evaluation of
research proposals. Hence, a separate mechanism for review and
monitoring is essential for research and therapy in the field of human
stem cells, one at the National level called as National Apex
Committee for Stem Cell Research and Therapy (NAC-SCRT) and
the other at the institutional level called Institutional Committee for
Stem Cell Research and Therapy (IC-SCRT). The composition and
functions of NAC-SCRT and IC-SCRT are given in Annexure I.

All institutions and investigators, both public and private, carrying out
research on human stem cells should be registered with the NAC-SCRT
through IC-SCRT.

All research studies using human stem cells shall have prior approval of
IC-SCRT for permissive research as given in these guidelines, and of
the NAC-SCRT for restricted research, also defined in these guidelines.

All new human stem cell lines shall be created, with prior approval of
IC-SCRT/NAC-SCRT as applicable

All established human stem cell lines from any source, imported or
created in India, should be registered with IC-SCRT and NAC-SCRT.
Permission for import/procurement from other Indian laboratories shall
be obtained from IC-SCRT. The investigator shall ensure that the cell
line has been established in accordance with existing guidelines of the
country. An appropriate MTA shall be adopted for the purpose.

All clinical trials with any stem cells shall have prior approval of
IC-SCRT, Institutional Ethics Committee (IEC) and Drug Controller

2



Guidelines for Stem Cell Research and Therapy

General of India (DCGI) for marketable product; and shall be registered
with the NAC-SCRT; except that International Collaboration shall also
have prior approval of NAC-SCRT and respective funding agency as per
its procedure / or Health Ministry’s screening committee (HMSC).

5.0 _Classification of human stem cells
On the basis of their origin three groups of stem cells are recognized:

5.1 Human embryonic stem (hES) cells, derived from blastocysts:
5.1.1 Blastocysts derived from surplus embryos from IVF clinics.
5.1.2 Blastocysts derived specifically for research or therapy using IVF.
5.1.3 Blastocysts derived by other techniques like SCNT etc.

5.2 Human embryonic germ (hEG) cells, which are derived from primordial
germ cells of the fetus.

5.3 Human somatic stem (hSS) cells, which are derived from fetal or adult
tissues or organs, including umbilical cord blood / placenta.

6.0 Categorization of research on stem celis

According to the source of stem cells and nature of experiments, the
research on human stem cells is categorized into following three areas:

Permissible research areas
Restricted research areas
Prohibited research areas

6.1 Permissible areas of research
6.1.1 In-vitro studies on established cell lines from any type of stem cell

viz. hES, hEG, hSS; or fetal/adult stem cells may be carried out
with notification to IC-SCRT, provided the cell line is registered
with the IC-SCRT/NAC-SCRT and GLP is followed.

6.1.2 In-vivo studies in small animals with established cell lines from any

6.1.3

type of stem cells viz., hES, hEG, hSS, including differentiated
derivatives of these cells, with prior approval of IC-SCRT and IAEC,
provided such animals are not allowed to breed. This includes pre-
clinical evaluation of efficacy and safety of human stem cell lines
or their derivatives.

In-vivo studies on experimental animals (other than primates) using
fetal/adult somatic stem cells from bone marrow, peripheral blood,
umbilical cord blood, skin, limbal cells, dental cells, bone cells,
cartilage cells or any other organ (including placenta), with prior
approval of the IC-SCRT and- IEC, and IAEC provided appropriate
consent is obtained from the donor as per guidelines provided in
this document.

G,




Guidelines for Stem Cell Research and Therapy

6.1.4 Establishment of new hES cell lines from spare, supernumerary
embryos with prior approval of the IC-SCRT and IEC provided
appropriate consent is obtained from the donor as per guidelines
given below. Once the cell line is established, it shall be registered
with the IC-SCRT and NAC-SCRT.

6.1.5 Establishment of Umbilical Cord stem cell bank with prior approval
of the IC-SCRT/IEC and DCGI following guidelines given in this
document for collection, processing, and storage etc. Appropriate
SOPs to be approved by the IC-SCRT/IEC,

6.1.6 Clinical trials with cells processed as per National GTP / GMP
guidelines (minimally manipulated or manipulated with alteration
in functionality or genetic characteristics) may be carried out with
prior approval of IC-SCRT/ IEC/DCGI as applicable. All clinical trials
on stem cells shall be registered with NAC-SCRT through IC-SCRT.

6.1.6.1 Clinical use is not permitted
6.1.6.1.1 until the efficacy and safety of the procedure is established;

6.1.6.1.2 the origin, safety and composition of the product is
adequately defined and labeled;

6.1.6.1.3 conditions for storage and use is given in detail;
6.1.6.1.4 Release form and infusion formalities are required as for
blood transfusion. with long term follow-up

6.1.6.2 Levels of manipulations (processing) are categorized as given
below

6.1.6.2.1 minimal manipulation - no major alterations in cell
population or alterations of function (use of antibodies,
cytokines etc);

6.1.6.2.2 moderate manipulation - defined alterations in cell
population (T cell depletion, cancer cell depletion),
expansion etc. expected alteration in function;

6.1.6.2.3 major manipulation - such as genetic alteration by
insertion of gene/siRNA etc.

6.2 Restricted areas of research

6.2.1 Creation of a human zygote by IVF, SCNT or any other method with
the specific aim of deriving a hES cell line for any purpose.

o Specific justification would be required to consider the request
for approval by the NAC-SCRT through IC-SCRT /IEC.

» It would be required to establish that creation of zygote is critical
and essential for the proposed research

¢ Informed consent procedure for donation of ova, sperm, somatic
cell or other cell types as detailed in these guidelines would

4
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6.2.2

6.2.3

6.2.4

6.2.5

need to be followed.

Clinical trials using cells after major manipulation (defined under
13.0), or those sponsored by multinationals involving stem cell
products imported from abroad shall require prior approval of the
NAC-SCRT through IC-SCRT/IEC, DCGI and respective funding
agency as per its procedure or Health Ministry’s Screening
Committee (HMSC). The process of this consideration must be
completed within 3 months of the receipt of the proposal.

Research involving introduction of hES/hEG/hSS cells/cell lines into
animals including primates, at embryonic or fetal stage of
development for studies on pattern of differentiation and integration
of human cells into non- human animal tissues.

o If there is a possibility that human cells could contribute in a
major way to the development of brain or gonads of the recipient
animal, the scientific justification for the experiments must be
strong. The animals derived from these experiments shall not
be allowed to breed.

s Such proposals would need approval of the NAC-SCRT for
additional oversight and review through Institutional Animal
Ethics Committee (IAEC) and IC-SCRT/IEC.

Studies on chimeras where stem cells from two or more species
are mixed and introduced into animals including primates, at any
stage of development viz., embryonic, fetal or postnatal, for studies
on pattern of development and differentiation.

Research in which the identity of the donors of blastocysts, gametes,

or somatic cells from which the hES cells were derived is readily
ascertainable or might become known to the investigator.

6.3 Prohibited areas of research
6.3.1 Any research related to human germ line genetic engineering or

reproductive cloning.

6.3.2 Any in-vitro culture of intact human embryo, regardless of the

method of its derivation, beyond 14 days or formation of primitive
streak, whichever is earlier

6.3.3 Transfer of human blastocysts generated by SCNT or

parthenogenetic or androgenetic techniques into a human or non-
human uterus.

6.3.4 Any research involving implantation of human embryo into uterus

after in-vitro manipulation, at any stage of development in humans
or primates.

6.3.5 Animals in which any of the human stem célls have been introduced

at any stage of development should not be allowed to breed.

5
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6.3.6 Research involving directed non-autologous donation of any stem

7.0

7.1
7.2
7.3

7.4

7.5

7.6

7.7

cells to a particular individual is also prohibited.

Clinical use of umbilical cord blood stem cells

Cord blood stem cell banking is permissible. However, all Cord blood
banks should be registered with the DCGI as per guidelines applicable
to the blood banks. Commercial exploitation of stored blood should be
regulated strictly. No trading shall be permitted in this area as in organ
donation. Special care must be taken in collection, processing and
storage of umbilical cord stem cells to avoid transmission of infections.
Maternal screening should be carried out for transmissible infections.
Purpose of banking should be clearly explained to couples interested in
storing cord blood. The ideal use of these cells at present is for allogenic
hematopoetic stem cell transplantation. Expansion of umbilical cord
stem cells for transplantation in adult and use for non-hematopoetic
indications is still in experimental stage. Specific mention shall be made
that at present the use of stored umbilical cord blood for self is practically
nil. The ethical issues include concern about ownership, and risk of
transmission of potential genetic disorders, besides other general issues
of confidentiality, justice and beneficence. When it comes to registries
and banking, the commercial aspects pose additional problems. The
advertisement related to collection of samples should be carefully looked
into with respect to, conflict of interest, utility of samples, accessibility
and affordability.

The following points should be specifically considered while collecting
umbilical cord blood for banking:

No harm should occur to the fetus or the neonate.
Exact timing of the clamping of umbilical cord should be defined.

Parents should be correctly informed regarding risks and benefits
involved.

Free informed consent should be obtained from both parents. If there
is disagreement between the parents, the mother’s wish shall prevail.

ID card should be issued for voluntary donation to enable access/benefit
in future in case required for self/relatives.

Standard Operative Procedures (SOPs) for collection, transportation,
processing, storage (cryo-preservation) and clinical use of umbilical
cord blood/cells should be laid down with approval of the IC-SCRT/
IEC.

If processed stem cells are proposed to be used, detailed protocol for
isolation, expansion and characterization of stem cells should be
approved by IC-SCRT/IEC.
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7.8
7.9

8.0

9.0

9.1

9.2

9.3

9.4

9.5

9.6

Period of preservation for self- use later in life should be defined.

Detailed protocol for clinical use of umbilical cord stem cells should be
in place. This should include follow up plans for assessing safety and
efficacy of cord blood stem cell therapy.

Research using fetal stem cells/placenta 7
All studies involving fetal tissue for research or therapy are permissible
subject to approval by IC-SCRT and IEC. However,

a. Termination of pregnancy should not be sought with a viéw to donate
fetal tissue in return for possible financial or therapeutic benefits.

b. Informed consent to have a termination of pregnancy and the
donation of fetal material for purpose of research or therapy should
be taken separately.

c. The medical person responsible for the care of the pregnant woman
planning to undergo termination of pregnancy and the person who
will be using the fetal material should not be the same.

d. The woman shall not have the option to specify the use of the donated
material for a particular person or in a particular manner.

e. Theidentity of the donor and the recipient should be kept confidential.

Approval for derivation of a new hES cell line whether from spare
embryos or embryos created for the purpose

Proposals involving the following (the list is only illustrative), may be
considered for approval:

The goal of research is to increase knowledge about embryo development
and causes of miscarriages and birth defects.

Develop methods to detect abnormalities in embryos before
implantation.

Advance knowledge, which can be used for infertility treatment or
improving contraception techniques.

Increase knowledge about causation of serious diseases and their
treatment including tissue therapies.

Developing methods of therapy for diseased or damaged tissues or
organs.

Develop ethnically diverse hES cell lines, provided -

9.6.1 the proposed research cannot be carried out with existing cell lines;
9.6.2 justification for the minimum number of embryos/blastocysts

required must be clearly defined;

9.6.3 research teams involved should have appropriate expertise and

training in derivation, characterization and culture of ES cells.

7
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10.0
10.1

10.2

10.3

10.4

11.0

11.1

11.2

11.3

Responsibility of investigators and institutions

The investigators and the institutions where the stem cell research
is being conducted bear the ultimate responsibility of ensuring that
research activities are in accordance with laid down standards and
integrity. In particular, scientists whose research involves hES cells
should work closely with monitoring/regulatory bodies, demonstrate
respect for autonomy and privacy of those who donate gametes,
blastocysts, embryos or somatic cells for SCNT, and be sensitive to
public concerns about research that involves human embryos.

Each institution should maintain a registry of its investigators who
are conducting hES cell research and ensure that all registered users
are kept up to date with changes in guidelines and regulations
regarding use of hES cells.

Each institution shall constitute an IC-SCRT as provided in these
guidelines and provide adequate support for its functioning or ensure
that its IEC has adequate expertise to handle proposals related to
research with stem cells.

All records pertaining to adult stem cell research must be maintained
for at least 5 years and those for hES cell research for 10 years.

Procurement of gametes, blastocysts or somatic celis for
generation of hES cell lines

The IC-SCRT/IEC, should review the process of procurement of
gametes, blastocysts, or somatic cells for the purpose of generating
new hES cell lines, including procurement of blastocysts in excess
of clinical need from infertility clinics. Blastocysts made through IVF
specifically for research purposes, and oocytes, sperm, and somatic
cells donated for development of hES cell lines derived through SCNT
or by parthenogenesis or androgenesis or any other technique should
have approval of NAC-SCRT.

Consent for donation of supernumerary embryos should be obtained
from each donor at least 24 hours in advance and not at the time of
donation itself. Even people who have given prior indication of their
intent to donate blastocysts that remain unutilized after clinical care
should give fresh informed consent at the time of donation of the
embryo for establishment of hES cell line. Donors should be informed
that they retain the right to withdraw consent until the blastocysts
are actually used in cell line derivation.

There should be no commaodification of human oocyte, human sperm
or human embryo by way of payment or services, except for
reimbursement of reasonable expenses incurred by the person
(amount to be decided by IC-SCRT/ IEC. Similarly, no payments
should be made for donation of somatic cells for use in SCNT except
for reimbursement for attending the clinic.

8
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11.4

11.5

11.6

el

Women who undergo hormonal induction to generate oocytes
specifically for research purposes (such as for SCNT) may be
reimbursed for direct expenses incurred as a result of the procedure,
as determined by the IC-SCRT/ IEC. They should be informed about
potential hazards, complications etc which are related to the hormonal
induction process.

The attending physician responsible for the infertility treatment and
the investigator deriving or proposing to use hES cells preferably
should not be the same person. To facilitate autonomous choice,
decisions related to the creation of embryos for infertility treatment
should be free of the influence of investigators who propose to derive
or use hES cells in research.

In the context of donation of gametes or blastocysts for hES cell
research or therapy, the informed consent process, should at a
minimum, provide the following information:

. A statement that the blastocysts or gametes will be used to derive

hES cells/cell lines for research purposes.

A statement that the donation is made without any restriction or
direction regarding who may be the recipient of transplants of cells
derived from it.

Identity of the donor and recipient shall be kept confidential.

. An assurance that investigators in research projects will follow

applicable best practices for donation, procurement, culture, and
storage of cells and tissues to ensure, in particular, the traceability
of stem cells. (Traceable information, however, will be kept secured
to ensure confidentiality)

Investigators must document how they will maintain the
confidentiality of any coded or identifiable information associated
with the lines.

A statement that the derived hES cell line may be used for
development of new drugs/diagnostics etc. which may have

-commercial value, but no direct financial benefit to the donors.
. A statement that derived stem cells or cell lines and the information

related to it may be archived for 15 years or more.

. A statement that research is not intended to provide direct medical

benefit to the donor(s) except in the case of autologous
transplantation.

A statement that embryos will be fully utilized in the process of
deriving hES cells.

A statement that neither consenting nor réfusing to donate embryos
for research will affect the quality of present or future medical care

- provided to potential donors.

9
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k.

11.7

A statement of the risks involved to the oocyte donor and acceptance
of the responsibility to provide appropriate health care in case any
complication arises during the procedure.

Any clinic/research personnel who have a conscientious objection
to hES cell research should not be coerced to participate or impart
information.

12.0 Banking and distribution of hES cell lines

There are several models for banking of human biological materials,
including hES cells. All guidelines developed in this regard adhere to
key ethical principles that focus on need for consent of donors and a
system for monitoring adherence to ethical, legal, and scientific
requirements. As hES cell research advances, it will be increasingly
important for institutions that are obtaining, storing, and using cell
lines to have confidence in the value of stored cells. For this purpose,
it is necessary to ensure that:

a.
b.
C.

12.1

12.2

they were obtained ethically and with informed consent of donors,
they are well characterized and screened for safety, (see Annexure II)
the conditions under which they are maintained and stored meet
the current standards of GLP/GTP/GMP in India (to be annexed)
with appropriate SOPs.

Institutions that are banking or plan to bank hES cell lines should
establish uniform guidelines to ensure that donors of material give
informed consent through a process approved by the IC-SCRT/IEC
and meticulous records are maintained about all aspects of cell
culture. Uniform tracking systems and guidelines for distribution of
cells should be established as per accepted standard procedures.

Any facility engaged in obtaining and storing hES cell lines should
consider the following:

12.2.1 Creation of clear and standardized protocols for banking and

withdrawals.

12.2.2 Documentation requirements for investigators and sites that

deposit cell lines, including:
a. A copy of the donor consent.
b. Proof of IC-SCRT/IEC approval of the procurement process.

c. Available medical information on donors, along with
infectious disease screening details.

d. Available clinical, observational or diagnostic information
about the donor(s).

e. Critical information about culture conditions (such as media,
cell passage, and safety information).

10
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f. Available cell line characterization (such as karyotype and
genetic markers).

12.2.3 A repository has the right of refusal if prior culture conditions

12.3

or other items do not meet its standards.
A secure system for protecting the privacy of donors when materials
retain codes or identifiable information, including but not limited to
a. Plans for maintaining confidentiality (such as a coding system).
b. A secure system for inventory track from primary cell lines to
those submitted to the repository.
c. A policy governing whether and how to deliver clinically significant
information obtained through research/investigations back to
donors.

12.4 The following Standard Operating Procedures (SOPs)/ Standard of

13.0
13.1

practices should be defined and maintained:

Assignment of a unique identifier to each sample.
Procedure for derivation of hES lines

Process for characterizing cell lines.

Process for expanding, maintaining, and storing cell lines.
System for quality assurance and control.

Website that contains scientific descriptions and data related to
the available cell lines. Central Registry should be set up by the
NAC-SCRT.

Procedure for reviewing request applications for cell lines.

Process for tracking disbursed cell lines and recording their status
when shipped (such as number of passages).

i. System for auditing compliance.
Schedule of charges.
k. Statement of intellectual property policies.

I. When appropriate, creation of a clear Material Transfer Agreement
or user agreement.

m. Liability statement.
n. System for disposal of material.
0. Clear criteria for distribution of cell lines

"o Q0T

0

s
.

Use of stem cells for therapeutic purposes

As of date, there is no approved indication for stem cell therapy as
a part of routine medical practice, other than Bone Marrow
Transplantation (BMT). Accordingly all stem cell therapy other than
BMT (for accepted indications) shall be treated as experimental. It
should be conducted only as clinical trial after approval of the IC-

11
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SCRT/IEC and DCGI (for marketable products). All experimental trials
shall be registered with the NAC-SCRT.

13.2 Cells used in such trials must be processed under GTP/GMP standards.

13.3 The injectable product should meet pharmacopial specifications for
parenteral preparations. The cells used for therapy shall be free
from animal products and microbial contamination.

13.4 The centers carrying out stem cell clinical trials and the agency/
source providing such cells for the trial shall be registered with the
NAC-SCRT through IC-SCRT/IEC. In case of International
Collaboration, the public funding agency evaluating the study / NAC-
SCRT shall ensure that the certification provided by the collaborating
country fulfills the requirements laid down in these guidelines.

13.5 The hES cell/cell lines or the cells derived therefrom used in the trial
shall be characterized as suggested in Annexure II.

13.6 The headings under which clinical trial protocol for stem cell therapy
shall be prepared is given in Annexure III.

14.0 International Collaboration
14.1 National guidelines of respective countries should be followed.

14.2 Exchange of biological material will be permitted as per existing
procedures of funding agencies (DST, DBT, ICMR etc) or the Health
Ministry’s screening committee (as per GOI Guidelines), even if no
funding is involved after the joint proposal with appropriate MOU is
approved by NAC-SCRT.

14.3 If there is a conflict between scientific and ethical perspectives of
the International collaborator and the domestic side, then the Indian
ethical guidelines or law shall prevail.

15.0 Commercialization and Patent Issues

Research on stem cells/ lines and their applications may have
considerable commercial value. Appropriate IPR protection may be
considered on merits of each case. If the IPR is commercially exploited,
a proportion of benefits shall be ploughed in to the community, which
has directly or indirectly contributed to the IPR. Community includes
all potential beneficiaries such as patient groups, research groups etc.
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Annexure - I

Monitoring Mechanism

Establishment of National Apex Committee for Stem Cell Research and Therapy
(NAC-SCRT) and Institutional Committees for Stem Cell Research and Therapy
(IC-SCRT)

A national body should be established to assess periodically the adequacy
of the guidelines proposed in this document and to provide a forum for
continuing discussion of issues involved in hES research in the light of ever
growing advances in science. The committee will also review and approve
specific research protocols falling under restricted category or as provided in
the guidelines. Such a body should also address to new unforeseen issues of
public interest from time to time. The body should be independent and should
be respected by both the lay and scientific communities. This would be called
the NAC-SCRT. The IC-SCRT/IEC shall function at the institutional level and
have appropriate expertise as suggested to support this effort.

1.0 NAC-SCRT
This is a multidisciplinary with a secretariat. It will have two main
functions:
a) General oversight and policy monitoring function
b) Review of specific controversial or ethically more sensitive research
proposals

1.1 Scope

1.1.1 The Committee will have the responsibility to examine the scientific,
technical, ethical, legal and social issues in the area of stem cell
based research and therapy.

1.1.2 Allinstitutions involved in any type of stem cell research and therapy
shall be registered with the NAC-SCRT.

1.1.3 IC-SCRT/IEC has to submit annual reports to NAC-SCRT - A regular
monitoring will be done by the NAC-SCRT by obtaining periodic
report from all centers and site visits as and when required to
ensure adherence to standards.

1.1.4 NAC-SCRT shall approve, monitor and oversee research in the
restricted areas as given in this document.

1.1.5 Every scientific proposal using ES cells under restrictive category
has to be cleared through IC-SCRT/IEC before referring to NAC-
SCRT.

1.1.6 Use of chimeric tissue for research shall be approved only by NAC-
SCRT after clearance from IC -SCRT/IEC.
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1.1.7 NAC-SCRT shall revise and update guidelines periodically, considering

scientific developments at the national or international level.

1.1.8 NAC-SCRT will set up standards for safety and quality, quality

1.2

1.3

1.4

2.0

2.1

control, procedures for collection and its schedule, processing or
preparation, expansion, differentiation, preservation for storage,
removal from storage to assure quality and/or sterility of human
tissue, prevention of infectious contamination or cross contamination
during processing, carcinogenicity, xenotransplantation.

Membership (12-15)

Chairman, Deputy Chairman, Member Secretary, nominees from DBT,
DST, CSIR, ICMR, DCGI, DAE, and biomedical experts drawn from various
disciplines like Pharmacology, Immunology, Cell Biology, Hematology,
Genetics, Developmental biology, Clinical medicine and Nursing. Other
members would be legal expert, social scientist, and women’s
representative. In addition consultants/experts could be consulted for
specific topics and advice.

Frequency of meetings
Quarterly, but can be more frequent, if necessary.

Processing fees

This may be levied for proposals on therapeutic trials with NBEs (New
Biological Entities).

IC-SCRT

This would be a multidisciplinary body at the institutional level
undertaking Stem Cell Research and Therapy.

Scope

2.1.1 All research institutions conducting stem cell research are expected

to set up a special review body to oversee this emerging field of
research.

2.1.2 To be registered with the NAC-SCRT.
2.1.3 Provide overview to all issues related to stem cell research and

therapy.

2.1.4 Review and approve the scientific merit of research protocols.
2.1.5 Review compliance with all relevant regulations and guidelines.
2.1.6 Maintain registries of hES cell research conducted at the institution

and hES cell lines derived or imported by institutional investigators.

2.1.7 Facilitate education of investigators involved in stem cell research.
2.1.8 Submit annual report to NAC-SCRT.
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2.2 Membership (7-9)
The committee should include representatives of the public and persons
with expertise in clinical medicine, developmental biology, stem cell
research, molecular biology, assisted reproduction technology, and
ethical and legal issues in stem cell research. It should have the resources

to coordinate reviews of various protocols.
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Annexure-II

Safeguards for Use of Human Embryonic Stem (HES) Cells

Documentation of complete history of the cells, and their characterization, for
use in therapy is essential to safeguard against potential risks of biological
therapy. This is particularly important when human Embryonic/somatic Stem
Cells are used for this purpose.

Therefore, following safeguards may be implemented before releasing human
embryonic stem cell lines for clinical applications;

Safeguards Tests/Methods
Screening Donors HIV, HBV, HCV, CMV, HTLV, VDRL
Derivation and culture Use control and standardized practices and

procedures for establishment of human embryonic
stem cell lines. GMP clean room is must if ES cells
are to be used for clinical application

Animal source Develop alternatives to culturing ES cells on animal
derived feeder cells and serum.
Characterization Perform detail characterization of stem cell lines

Cellular markers: SSEA-1, SSEA-3, SSEA-1,
OCT-4, TRA-1-60, TRA-1-81, Alaline phosphatase,
ABCG2,

Molecular markers: OCT-4, SOX2, NANOG, REX1,
TERT, UTF-1, DPPA5, FGF4, FOXD3, TDGF1, BCRP1,
ABCG2, GCTM2, Genesis, GDF3, GCNF

Karyotyping Traditional karyotyping of FISH including sex
chromosome

HLA Typing A, B, DR

Microarray Growth factors, cytokines and ECM molecules

Immunophenotyping CD markers: DC4, CD8, CD14, CD24, CD31, CD34,
CD45, CD90, CD73, DC105, CD133

Analysis of Minimum 3 markers for Ectoderm, Endoderm and

differentitation propertie§ Mesoderm should be checked. Each cell line should
be checked for differentiation potential.

Teratoma Formation Required SCID mouse

Comprehensive toxicity Endotoxin, mycoplasma, aerobic, anaerobic cultures
for sterility; and acute, sub-acute and chronic

toxicity testing
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Annexure- III
Clinical Trial Protocol for Stem Cell Therapy

Study title

Phase of the study

Institution conducting the trial

Sponsor

Names of Principal Investigator and Co-investigators

Brief CV of all the investigators
1. Synopsis of the protocol (Summary)

2. Introduction
3. Study objectives
4. Study plan

a. Study design
b. Number of patients
¢. Inclusion criteria
d. Exclusion criteria
e. Chart of schedule of visits and activities at each visit
f. Ethical considerations - risks and benefits
i. Screening phase
ii. Treatment phase
iii. Post -treatment phase
iv. Withdrawal of patients prior to study completion
g. Efficacy assessment
i. Primary efficacy outcome
ii. Secondary efficacy outcome
iii. Efficacy measurements

5. Safety assessment
Adverse Events documentation in a prescribed format
i. Definitions
ii. Documentation of adverse events
iii. Reporting of serious adverse events
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6. Concomitant Medications
i. Documentation of medications — name, dose, duration
ii. Intercurrent iliness
ili. Prohibited medications

7. Product information, dose scheme and administration instructions
i. Product information
ii. Dose scheme
iii. Route of administration
iv. Cell preparation and administration instructions

8. Data evaluation/statistics
Sample size determination
Study population analyses
Efficacy analysis/methods
Safety analysis/methods
Adverse events

Clinical laboratory studies

mp a0 oo

9. Ethical and Administrative Issues

Patient’s /Parent/Relative’s Informed consent
. Institutional Review Board Approval

Data and safety monitoring board

Adherence to the protocol

. Protocol amendment approval

f.Data collection, source documentation and retention of patient records
g. Accountability of Investigational drug/product
h. Monitoring of the study and audit

i. Retention of patient Records

j.- IPR issues: (patent obtained/filed

O a0 oo

10.Requirements for study initiation and completion
11. Confidentiality and publication

12.Enclosures

I. Investigator brochure including background, rationale, product details,
pre-clinical studies results, human experiences, references and
publication reprints

II. Case Record Form
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IIL.

IV.

Manual for efficacy assessments, safety assessments, laboratory
procedures etc.

Administrative approvals

a.

DCGI for IND/NDA

b. IEC (of each center)

© oo

>uKQa M

bt

Approved patient information sheet and consent form
IC-SCRT/NAC-SCRT approval if required

MOU/MTA in case of National/International collaboration with
transfer of biological materials

Funding of the project/sponsor

Conflict of interest declaration

Incentives to investigators/patients/donors

Post-trial benefits

Medical insurance coverage for SAEs

Sponsor’s responsibility towards cost of trial/complications
Investigator’s bio-data/acceptance
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GLOSSARY

Adult stem cell: a stem cell derived from the tissues or organs of an organism
after birth (in contrast to embryanic or fetal stem cells)

Blastocyst: a hollow ball of 50-100 cells reached after about 5 days of
embryonic development. It consists of a sphere made up of an outer layer of
cells (the trophoectoderm), a fluid-filled cavity (the blastocoel), and a cluster
of cells in the interior (the inner cell mass)

Cell line: cells of common descent continuously cultured in the laboratory is
referred to as a cell line

Cell nuclear replacement (CNR): The transfer of an adult cell nucleus into
an oocyte that has had its nucleus removed to asexually create an embryo
without the fusion of sperm and oocyte. It is also known as Somatic Cell
Nuclear Transfer (SCNT).

Clone: a cell or arganism derived from, and genetically identical to another
cell or organism .

Clonal: Derived from a single cell

Cloning: creating an organism that is genetically identical to another organism,
or a cell that is genetically identical to another cell provided that the so-called
mother and daughter cells are subsequently separated (see also reproductive
and therapeutic cloning)

¢+ Cloning by somatic cell nuclear transfer: involves replacing an
oocyte’s nucleus with the nucleus of the adult cell to be cloned (or from
an embryo or fetus) and then activating oocyte’s further development
without fertilization. The oocyte genetically reprogramme the transferred
nucleus, enabling it to direct development of a whole new organism

¢+ Reproductive cloning: The embryo developed after Somatic Cell
Nuclear Transfer (SCNT) is implanted into the uterus (of the donor of
the ovum or a surrogate recipient) and allowed to develop into a fetus
and whole organism. The organism so developed is geneticaily identical
to the donor of the somatic cell nucleus.

¢+ Therapeutic cloning: The development of the embryo after Somatic
Cell Nuclear Transfer (SCNT) is stopped at the blastocyst stage and
embryonic stem cells are derived from the inner cell mass. These stem
cells could be differentiated into desired tissue using a cocktail of growth
and differentiation factors. The generated tissue/cells could then be
transplanted into the original donor of the nucleus avoiding rejection.
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Consent: The voluntary consent is given by a patient (or their next of kin-
legal heir) to participate in a study (which may include donating of tissue)
after being informed of its purpose, method of treatment, and procedure for
assignment to treatment, benefits and risks associated with participation,
and required data collection procedures and schedule. The consent -besides
being voluntary and informed has to be without any coercion or jnducement.
It can be withheld, or even withdrawn at any time, without giving any reason
or prejudice to present or future treatment of the individual.

Cord blood stem cell: Stem cells collected from the umbilical cord at birth
that can produce all of the blood cells in the body (hematopoietic). Cord blood
is currently used to treat patients who have undergone chemotherapy to destroy
their bone marrow due to cancer or other blood-related disorders.

Embryo: in humans is the developing stage from the time of fertilization until
the end of the eighth week of gestation, when it becomes known as a fetus.

Early embryo: The term “early embryo” covers stages of development up to
the appearance of primitive streak i.e., until 14 days after fertilization.

Embryonic germ cell: Embryonic germ cells are primordial germ cells isolated
from the gonadal ridge of 5-10 weeks fetus.

Embryonic stem cell: embryonic stem cells are derived from the inner cell
mass up to the stage of blastocyts. These cells can be cultured indefinitely
under Jjn vitro conditions that allow proliferation without differentiation, but
have the potential of differentiating into any cell of the body.

Feeder layer: cells used in co-culture to maintain pluripotent nature of the
stem cells

Fetus: In humans, it is a developing stage from eight weeks after conception
to birth

Fetal stem cell: a stem cell derived from fetal tissue, including placenta. A
distinction is drawn between the fetal germ cells, from which the gametes
develop, and fetal somatic cells, from which rest of the organism develops.

Gamete: the male sperm or female oocyte
Germ cells: ova and sperm, and their precursors

Implantation: the embedding of a blastocyst in the wall of uterus. In humans
implantation takes place between 7-14 days after fertilization.

In vitro and in vivo: outside and inside the body; in vitro (literally, in glass)
generally means in the laboratory

Mesenchymal stem cells: Stem cells present in human bone marrow and
umbilical cord that have been shown to differentiate into a variety of cell
types
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Multipotent: Multipotent stem cells are those which are capable of giving rise
to several different types of specialized celfs constituting a specific tissue or
organ.

Pluripotent stem cell: has the ability to give rise to various types of cells
that develop from the three germ layers (mesoderm, endoderm and ectoderm)
Pluripotent stem cell has the potential to generate into every cell type in the
body, but cannot develop into an embryo on its own.

Primitive streak: a collection of cells, which appears at about 14 days after
fertilization from which the fetal body plan develops

Somatic cell: cell of the body other than oocyte or sperm

Somatic stem cell: an undifferentiated cell found among differentiated cells
in a tissue or organ, which can renew itself and can differentiate to yield the
major specialized cell types of the tissue or organ.

Somatic cell nuclear transfer: the transfer of a cell nucleus to an oocyte
(or another cell) from which the nucleus has been removed.

Stem cells: Cells capable of self-replication, proliferation and differentiation.

Stem cell Bank: A facility that is responsible for accessioning, processing,
packaging, labeling, storage and delivery of a finished stem cell line issued
under its name. It is required to characterize the celis, provide quality assurance
and meet the laid down standards and procedures.

Supernumerary embryo or spare embryo: an embryo created by means
of in vitro fertilization (IVF) for the purpose of assisted reproduction but
subsequently not used for it.

Totipotent: At two to three days after fertilization, an embryo consists of
identical cells, which are totipotent. That is to say that each cell could give
rise to an embryo on its own producing for example identical twins or
quadruplets. They are totally unspecialized and have the capacity to
differentiate into any of the cells, which will constitute the fetus as well as the
placenta and membranes around the fetus.
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Annexure - IV

STANDARDS FOR COLLECTION, PROCESSING AND
STORAGE OF CELLS FOR CLINICAL USE

NOTICE

These standards are designed to provide minimum guidelines for facilities and
individuals performing collection, processing and storage of cells for clinical use
or providing support services for such procedures. These standards are not
intended to include all procedures and practices that a facility or individual should
implement if the standard of practice in the community or governmental laws or

regulations establish additional requirements. Each facility and individual should
analyze their practices and procedures to determine whether additional standards

may apply.
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Introduction

This document defines the standards for collection, processing and storage
of cells for clinical use. The aim is to provide minimum standards for these
procedures in India. These guidelines therefore apply to those cells on which
considerable literature is available on clinical use.

At present, this is mainly confined to adult cells derived from blood and
marrow, corneal limbus and cartilage. These guidelines could also apply to
collection, processing and storage of other adult cells. This document is not
intended to replace standard operation procedures (SOPs) for each laboratory
involved in processing cells for cellular therapy. The intention of this document
is to guide the laboratory to the minimum standards required in these
procedures and also to help them prepare SOPs for different processes that
are involved. The standards required for the clinical use of these cells are
variable depending on the applications. This document does not purport to
define those standards.

Use of embryonic cells has not reached wide clinical use as yet and the
literature on it is inadequate at present. This document therefore does not
address the use of cells of embryonic origin for clinical use. For cells that do
not come within the purview of the guidelines in this document, investigators
must define appropriate standards and obtain specific approvals from
institutional committees and designated central authorities for the protocols
that they plan to follow in their studies.

Finally, this document has been adapted with permission from the standards
for haematopoietic progenitor cell (HPC) collection, processing and
transplantation of the Foundation for the Accreditation of Cellular Therapy
(FACT) in USA.
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PART A: Terminology, Abbreviations and Definitions

Al1.0 Terminology

For purposes of these Standards, the term shall, means that the Standard
is to be complied with at all times. The term should indicate an activity
that is recommended or advised, but for which there may be effective
alternatives.

A2.0 Abbreviations
The following abbreviations cover terms used in these Standards.

ABO Human erythrocyte antigens, A, B, O.

C Centigrade. .
DBT Department of Biotechnology, Govt of India
DCGI  Drugs Controller General of India

HPC Hematopoietic progenitor cells.

ICMR Indian Council of Medical Research

IRB Institutional Review Board.
SOPs  Standard Operating Procedures
TP Therapeutic cells

A3.0 Definitions

Allogeneic refers to cells obtained from a donor and intended for infusion
into a genetically distinct recipient.

Autologous refers to cells obtained from a patient and intended for
infusion into that patient.

Cells include primitive pluripotent hematopoietic cells capable of self-
renewal as well as maturation into any of the hematopoietic lineages,
including committed and lineage-restricted progenitor cells, unless
otherwise specified, regardless of tissue source.

Cell therapy refers to the infusion of cellular products with the intent of
providing effector functions in the treatment of disease or support of
other therapy.

Collection includes ahy procedure for harvesting cells regardless of
technique or source.

Competency is the adequate ability to perform a specific procedure
according to direction. '

Cord blood refers to HPCs collected from placental and umbilical cord
blood vessels after the umbilical cord is clamped and/or severed.
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Expansion refers to growth of one or more cell populations in an in
vitro culture system.

Head / Officer in-charge: For purposes of these Standards includes
individuals with the following qualifications:

Collection or Processing Facility Head / Officer in-charge is an
individual with a doctoral degree, qualified by postdoctoral training or
experience for the scope of activities carried out in the facility. This
individual is responsible for all technical procedures and administrative
operations of the collection facility. This individual should participate
regularly in educational activities related to the field of cell collection
and / or processing. The Collection or Processing Facility Head / Officer
in-charge may also serve as the Medical Head / Officer in-charge if
appropriately qualified. :

Collection or Processing Facility Medical Head / Officer in-charge
is a licensed physician. This individual is directly responsible for the pre-
collection evaluation of the donor, final approval of the prospective donor
for the collection procedure, conduct of the collection / processing
procedure, care of any complications arising from. collection and
compliance of the collection facility with these Standards. The Collection
or Processing Facility Medical Head / Officer in-charge should participate
regularly in educational activities related to the field of cell collection
and/or processing.

Laboratory Head / Officer in-charge is an individual with a relevant
doctoral degree, and qualified by training or experience for the scope of
activities carried out in the cell processing facility. The Laboratory Head
/ Officer in-charge is responsible for all procedures and administrative
operations of the cell processing facility, including compliance with these
Standards. The Laboratory Head / Officer in-charge should participate
regularly in educational activities related to the field of hematopoietic
cell processing and/or transplantation. The Laboratory Head / Office in-
charge may also serve as the Medical Head / Office in-charge if
appropriately credentialed.

Program Head / Officer in-charge is the physician responsible for all
administrative and medical operations of the clinical transplantation
program, inciuding compliance with these Standards. The Program Head/
Officé in-charge shall be appropriately licensed to practice medicine in
India.

Human tissue refers to cells obtained from any living or cadaveric human
donor or organ.
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Labeling process includes steps taken to identify the original cell
collection, any products, and any product modifications; to complete the
required reviews; and to attach the appropriate labels.

Manipulation refers to an ex vivo procedure(s) that functionally or
genetically alters cell populations.

Manufacturing includes, but is not limited to, any or all steps in the
recovery, processing, storage, labeling, packaging, or distribution of
any human cellular or tissue-based product, and the screening and
testing of a cell or tissue donor.

Manipulated cell products refers to cell products that have been
functionally, quantitatively or genetically altered ex vivo, including ex
vivo expanded cells.

Minimally manipulated cell products refers to cell products that
have not been subjected to an ex vivo procedure that functionally or
genetically alters specific nucleated cell populations.

Potency is the therapeutic activity of a product as indicated by
appropriate laboratory tests or adequately developed and controlled
clinical data.

Processing includes all aspects of manipulation, labeling, and infusion
of products, regardless of source.
Products : The proper name of each product is as follows:

Hematopoietic Progenitor Cells, Apheresis (HPC-A) - hematopoietic
progenitor cells coliected from the peripheral blood of a donor using
an apheresis technique.

Hematopoietic Progenitor Cells, Marrow (HPC-M) - hematopoietic
progenitor cells aspirated from the iliac crests, sternum or other bones
of a human donor.

Hematopoietic Progenitor Cells, Cord Blood (HPC-C)

Therapeutic Cells (TC) - cell products harvested or manufactured
for the purpose of providing therapeutic benefit.
Therapeutic Cells, T- cells (TC-T)
Therapeutic Cells, Dendritic (TC-D)
Therapeutic Cells, Natural Killer (TC-NK)
Therapeutic Cells, Cytotoxic Lymphocyte (TC-CTL)
Therapeutic Cells, MSC (TC-MSC)

Therapeutic Cells, other (such as tumor-derived cells, Limbic
stem cells) (TC-other)
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Proficiency test refers to an evaluation of the ability to perform
laboratory procedures within acceptable limits of accuracy, through the
analysis of unknown specimens distributed at periodic intervals by a
source outside the facility performing the proficiency test.

Purity refers to relative freedom from extraneous matter in the finished
product, whether or not harmful to the recipient or deleterious to the
product. :

Quality refers to conformance of a product or process with pre-
established specifications or standards.

Quality assessment describes the actions, planned and performed,
to evaluate all systems and elements that influence the quality of the
product or service.

Quality assurance describes the actions, planned and performed, to
provide confidence that all systems and elements that influence the

quality of the product are working as expected individually and

collectively.

Quality control refers to a product of a quality program that includes
the activities and controls used to determine the accuracy and reliability
of the establishment’s personnel, equipment, reagents, and operations
in the manufacturing of HPC products, including testing and product
release.

Quality improvement describes the actions planned and performed
- to develop a system to review and improve the quality of a product or
process.

Quality management refers to an integrated program of quality
assessment, assurance, control and improvement.

Safety refers to relative freedom from harmful effects to persons
affected, directly or indirectly, by a product when prudently administered,
taking into consideration the character of the product in relation to the
condition of the recipient at the time.

Standard Operating Procedures(SOP) Manual refers to a
compilation of written detailed instructions required to perform
procedures,

Standards refer to current Indian Council of Medical Research -
Department of Biotechnology (ICMR-DBT) guidelines for collection,
processing and storage of cells for therapeutic use.

Syngeneic refers to cells collected from the patient’s genetically identical
twin. '
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Time of collection refers to the end of the cell collection procedure.

Transplantation refers to the administration of autologous, syngeneic
or allogeneic cells with the intent of providing transient or permanent
engraftment in support of therapy of disease.

Unmanipulated hematopoietic progenitor cells refers to HPCs as
obtained at the time of collection and not subjected to any form of
manipulation.

Validation refers to establishment of documented evidence that
provides a high degree of assurance that a specific process will
consistently produce a product meeting its predetermined specifications
and quality attributes. A process is validated to evaluate the performance
of a system with regard to its effectiveness based on intended use.
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PART B: Progenitor and Other Adult Cell Collection Standards
B1.0 General

B1l.1

B1.2

These Standards apply to progenitor and other cell collection
activities.

The Collection Facility shall abide by all applicable governmental
laws and regulations.

B2.0 Progenitor cell collection facility

B2.1

B2.2

B2.3

B2.4

B2.5

B2.6

B2.7

There shall be adequate and confidential space for donor examination
and evaluation.

There shall be emergency medical care available for the donor

There shall be a designated area for appropriate preparation and
storage of the reagents and equipment needed and for the
performance of the collection procedure,

Procedures that will require general or regional anesthesia shall be
performed by a qualified anesthesiologist.

Where applicable, central venous catheters shall be placed by a
licensed physician qualified to perform the procedure.

Where applicable, growth factor administration shall be under the
supervision of a physician experienced in the management of persons
receiving these agents.

Safety

B2.7.1 Each collection facility shall be operated in a manner to

minimize risks to the health and safety of employees, donors,
volunteers, and patients. Suitable environment and equipment
shall be available to maintain safe operations.

B2.7.2 There shall be procedures for biological, chemical, and radiation

safety, as appropriate, and a system for monitoring training
and compliance.

B2.7.3 Cell collections shall be handled and discarded with precautions

that recognize the potential for transmission of infectious
agents.

B2.7.4 Issues of donor health that pertain to the safety of the collection

procedure shall be communicated in writing to the collection
facility staff.

B2.7.5 Prospective donors shall be evaluated by medical history,

physical examination by a trained physician and laboratory
testing for the risks of the collection procedure including the
possible need for central venous access and/or mobilization
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therapy for collection of blood cells and anesthesia for collection
of marrow. This evaluation shall be documented.

B3.0 Personnel

B3.1 There shall be a Collection Facility Head / Officer in-charge who is
an individual with a doctoral degree, qualified by postdoctoral training
or experience for the scope of activities carried out in the facility.
This individual is responsible for all technical procedures and
administrative operations of the collection facility. This individual
should participate regularly in educational activities related to the
field of cell collection and / or processing. The Collection or Processing
Facility Head / Officer in-charge may also serve as the Medical Head
/ Officer in-charge if appropriately credentialed.

B3.1.1 The Coillection Facility Head / Office in-charge shall have at
least one year's experience in the collection procedure. This
individual shall have performed or supervised at least 10
collection procedures of each type that are to be carried out at
the facility.

B3.2 There shall be a Collection Facility Medical Head / Officer in-charge
who is a physician licensed in the jurisdiction in which the facility is
located. This individual is directly responsible for the pre-collection
evaluation of the donor, final approval of the prospective donor for
the collection procedure, conduct of the collection / processing
procedure, care of any complications arising from collection and
compliance of the collection facility with these Standards. The
Collection or Processing Facility Medical Head / Officer in-charge
should participate regularly in educational activities related to the
field of cell collection for clinical use.

B3.3 There shall be adequate numbers of trained support personnel
available at the facility where the coliection is performed.

B3.3.1 The training, continued education and continued competency
for the performance of operations shall be documented.

B4.0 Quality management

B4.1 The Collection Facility shall have a written Quality Management Plan
that describes, at a minimum, the methods for oversight of donor
care (including detection of errors, accidents and adverse reactions),
significant outcome parameters, the means for review of aggregate
data on a regular basis (audits), validation of significant processes
of the Collection Program and requirements for meetings, review,
documentation, corrective actions and reporting.

B4.1.1 The collection facility Head / Office in-charge is responsible
for the Quality Management Plan as it pertains to the Collection
Facility.
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B4.1.2

B4.1.3

B4.1.4

The Collection Facility shall establish and maintain a program
of quality management, under the supervision of a designated
person. The individual shall review and approve policies and
procedures that document compliance with regulatory
requirements and standards, and the performance of quality
audits. :

Protocols shall be developed, implemented, and documented
for the validation or qualification of significant products of
facilities, processes, equipment, reagents, labels, containers,
packaging materials, and computer systems. Determination
of which elements are to be validated or qualified shall be
made by the Collection Facility Director.

Evaluation of validation studies and audits shall be reviewed
with documentation of approval by the appropriate individual
from the quality management program.

B4.2 Laboratory testing
B4.2.1 Tests required by these Standards shall be performed in a

laboratory in accordance with governmental laws and
regulations.

B4.3 Supplies and reagents

B4.3.1

B4.3.2
B4.3.3

B4.3.4

B4.3.5

Reagents used in collection of products shall be of appropriate
grade for the intended use and shall be sterile.

Procedures for production of in-house reagents shall be validated.

Each supply and reagent used in the collection of the product
shall be examined visually for damage or evidence of
contamination as it comes into inventory and this review shall
be documented. Such examination shall include inspection
for breakage of seals, abnormal color and expiration date.

All supplies and reagents used in the collection of products
shall be stored in a safe, sanitary, and orderly manner.

Lot numbers and expiration dates of reagents and disposables
shall be recorded.

B4.4 Equipments ,
B4.4.1 Equipments-used in the collection of products shall be

B4.4.2

maintained in a clean and orderly manner and located so as to
facilitate cleaning, calibration and maintenance.

The equipments shall be observed, standardized and calibrated
on a regularly scheduled basis as described in the SOPs Manual
and according to the Manufacturer’s recommendations.
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B4.5 Review of collection records

B4.5.1

Records pertinent to the product collected shall be regularly
reviewed by the Collection Facility Officer-in-charge or designee.

B4.5.2 A thorough investigation, including resolution and outcome of

any adverse event or the failure of a product to meet any of its
specifications shall be made and documented.

B4.6 Errors, accidents and adverse reactions

B4.6.1

B4.6.2

B4.6.3

B4.6.4

Each Collection Facility shall have a system for detecting,
evaluating, documenting and reporting errors, accidents,
suspected adverse reactions, biological product deviations and
complaints. Corrective actions shall be documented and
reviewed by the Collection Facility Officer-in-charge.

All suspected clinical adverse reactions to the collection of
cells shall be evaluated promptly according to SOPs, and
reviewed by the Collection Facility Officer- in-charge.

A written evaluation of reported adverse reactions to the
collection of cells shall be included as part of the cell collection
record and made available to the donor’s physician.

Where applicable, the event shall also be reported to the
appropriate regulatory agency, clinical program and cell
processing laboratory as appropriate.

B4.7 Qutcome analysis

B4.7.1

B4.7.2
B4.7.3

B4.7.4

Documentation and review of product quality shall be part of
the ongoing quality program.

There shall be ongoing review of the products collected.

All suspected adverse reactions to the collection of a product
shall be evaluated promptly and reviewed by the collection
facility in-charge.

Documentation and review of clinical outcome after cell therapy
shall be part of the on-going quality management program,

B5.0 Policies and procedures

B5.1 The Collection Program shall have written policies and procedures
addressing all aspects of the operation including, but not limited to,
screening, consent, collection, treatment, emergency and safety
procedures, donor and patient confidentiality, quality management
and improvement, errors, accidents and adverse reactions; biological
product deviations, corrective actions, personnel training, competency
assessment, outcome analysis, audits, labeling, storage,
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transportation, expiration dates, release and exceptional release,
disposal of medical and biohazard waste, equipment and supplies,
maintenance and monitoring, cleaning and sanitation procedures,
and a disaster plan.

B5.2 The Collection Program shall maintain a detailed SOP Manual.
B5.2.1 The SOP Manual shall include:

B5.2.1.1 A procedure for preparing, implementing and reviewing
all procedures.

B5.2.1.2 A standardized format for procedures, including
worksheets, reports and forms.

B5.2.1.3 A system of numbering and/or titling of individual
procedure_s.

B5.2.2 Procedures shall be sufficiently detailed and unambiguous to

B5.3

B5.4

B5.5

B5.6

B5.7

B5.8

allow qualified technical staff to follow and complete the
procedures successfully. Each individual procedure requires:
B5.2.2.1 A clearly written description of the purpose.
B5.2.2.2 A clear description of equipment and supplies used.

B5.2.2.3 The objectives of the procedure, and acceptable end-
points and the range of expected results where applicable.

B5.2.2.4 A reference section listing appropriate literature.

B5.2.2.5 Documented approval of procedure and each procedural
modification by the Collection Facility Officer-in-charge
or designee prior to implementation and annually
thereafter.

B5.2.2.6 Examples of correctly completed orders, reports, labels
and forms, where applicable.

Copies of the SOP Manual shall be available in the immediate area to
the facility staff at all times.

All personnel in the facility shall follow the SOPs detailed in the
manual.

New and revised policies and procedures shall be reviewed by the
staff prior to implementation. This review and associated training
shall be documented.

Archived procedures and their historical sequehce shall be maintained
indefinitely, including the inclusive dates of use.

Deviations from SOPs shall be documented and approved, if
appropriate, by the Collection Facility Officer-in-charge or designee.

SOPs for all procedures shall comply with these Standards.
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B6.0 Donor evaluation, selection and management

B6.1 There shall be donor evaluation procedures in place to protect the
safety of the cell donor and recipient. Both the potentials for disease
transmission from the donor to the recipient and the risks to the
donor from the collection procedure shall be assessed. Donor
evaluation and selection test results shall be documented.

B6.1.1

B6.1.2

B6.1.3

There shall be written criteria for donor evaluation and
selection.

Any abnormal findings shall be reported to the prospective
donor with documentation in the donor record of
recommendations made for follow-up care.

The use of a donor not mesting the criteria shall require
documentation of the rationale for his/her selection by the
transplant physician and the informed consent of the donor
and the recipient.

B6.1.3.1 Procedures shall be in place to ensure both confidentiality

of donor and patient health information.

B6.1.4 Issues of donor health that pertain to the safety of the collection

B6.1.5

B6.1.6

procedure shall be communicated in writing to the collection
facility staff.

Prospective donors shall be evaluated by medical history,
physical examination and laboratory testing for the risks of
the collection procedure including the possible need for central
venous access and/or mobilization therapy for collection of
blood cells and anesthesia for collection of marrow. This
evaluation shall be documented.

The medical history shall include at least the following:

B6.1.6.1 Vaccination history.

B6.1.6.2 Travel history.

B6.1.6.3 Blood transfusion history.

B6.1.6.4 Questions to identify persons at high risk for significant

B6.1.7

transmissible infections as defined by DCGI for donors
of cellular and tissue-based products.

Within 7 days prior to collection, each donor shall be tested for
evidence of infection by the following communicable disease
agents:

B6.1.7.1 Human immunodeficiency virus, type 1

B6.1.7.2 Human immunodeficiency virus, type 2
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S

B6.1.7.3 Hepatitis B virus

‘B6.1.7.4 Hepatitis C virus

B6.1.7.5 Treponema pallidum (syphilis)

B6.1.7.6 Cytomegalovirus (unless previously documented to be

positive)

B6.2 There shall be written documentation of an interim assessment of
donor suitability for the collection procedure by a qualified person
immediately prior to each collection procedure.

B6.3 For donors of peripheral blood apheresis products, a complete blood
count, including platelet count, shall be performed within 72 hours
prior to the first collection and within 24 hours before each subsequent

apheresis.

B6.4 Donor consent
B6.4.1 Allogeneic donors

B6.4.1.1

B6.4.1.2

B6.4.1.3

B6.4.1.4

B6.4.1.5

Informed consent from the donor shall be obtained and
documented by a licensed physician or other health care
provider familiar with the collection procedure before the
high dose therapy of the recipient is initiated.

The procedure shall be explained.in terms the donor can
understand, and shall include information about the
significant risks and benefits of the procedure and tests
performed to protect the health of the donor and recipient
and the rights of the donor to review the results of such
tests.

The donor shall have an opportunity to ask questions and
the right to refuse to donate.

In the case of a minor donor, informed consent shall be
obtained from the donor’s parents or legal guardian in
accord with applicable law and shall be documented.

If the donor's name is to be added to a hematopoietic
progenitor cell donor registry, specific informed consent
and authorization to release the donor’s health information
as appropriate shall be obtained and documented in
advance.

B6.4.2 Autologous donors

B6.4.2.1

Informed consent from the patient shall be obtained and
documented by a licensed physician or other health care
provider familiar with the collection procedure.
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B7.0
B7.1

B7.2

B7.3

B7.4

B6.4.2.2 The procedure shall be explained in terms the patient can
understand, and shall include information about the
significant risks and benefits of the procedure and tests
performed to protect the health of the patient and the rights
of the patient to review the results of such tests..

B6.4.2.3 The patient shall have an opportunity to ask questions and
the right to refuse to donate.

B6.4.2.4 In the case of a minor patient, informed consent shall be
obtained from the patient’s parents or legal guardian in
accord with applicable taw and shall be documented.

Progenitor and Other Adult Cell Collection

Collection of progenitor and other adult cells shall be performed
according to written procedures in the facility’s SOP Manual.

Before collection of peripheral and other adult cells is undertaken,
there shall be a written order for the collection from a physician
regarding timing and procedural details of collection and goals of
collection.

Methods for collection shall employ aseptic technique and shall use
procedures validated to result in acceptable progenitor cell viability
and recovery.

The collected cells shall be packaged in a closed sterile container /
transfer packs approved for human cells and labeled.

B7.4.1 Bone Marrow shall be filtered to remove particulate material

B7.5

prior to final packaging, distribution or transplantation using
sterile filters that are non-reactive with blood.

Procedures for transportation of the collected product shall be
designed to protect the integrity of the product being shipped and
the health and safety of facility personnel.

B7.5.1 The primary product container shall be placed in a secondary

container and sealed to prevent leakage.

B7.5.2 The outer shipping container should be made of material

adequate to withstand leakage of contents, shocks, pressure
changes, and other conditions incident to ordinary handling in
transportation.

B7.5.3 The product shall be shipped to the processing laboratory at a

temperature defined in the SOP Manual.
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B8.0 Labels
B8.1 Labeling operations

B8.1.1

B8.1.2

Labeling operations shall be conducted in a manner adequate
to prevent mislabeling of products.

The labeling operation shall include the following quality
management elements:

B8.1.2.1 Container labels shall be held upon receipt from the

manufacturer pending review and proofing against a copy
approved by the Collection Facility In-charge or designee
to ensure accuracy regarding identity, content, and
conformity.

B8.1.2.2 Stocks of unused labels representing different products

B8.1.2.3 A system of checks in labeling procedures shall be used

shall be stored in an orderly manner to prevent errors.
Stocks of obsolete labels shall be destroyed.

to prevent errors in translating information to container
labels.

B8.1.2.4 All labeling shall be clear and legible and printed using

B8.1.3
B8.1.4

B8.1.5

B8.1.6
B8.1.7

B8.1.8

moisture-proof ink.
Labels shall be affixed or attached firmly to the container.

The proper name and significant modification(s) shall be noted
on the label.

Products that are subsequently re-packaged into new containers
shall be labeled with new labels as appropriate. Records to
allow tracking of products including collection or processing
facility identity, unique numeric or alphanumeric identifier,
collection date and time, product identity, donor and recipient
information on the original container shall be maintained.

When the label has been affixed to the container, a sufficient

- area of the container shall remain uncovered to permit inspection

of the contents.
The product label shall be complete. Not applicable (NA) may
be used when appropriate.

Labeling requirements, if ahy, required by applicable
governmental laws or regulations shall be observed.

B8.2 Product identification

B8.2.1

Each product shall be assigned a unique numeric or
alphanumeric identifier by which it will be possible to relate
any product to its donor, the donor’s medical record, and to all
records describing the handling and final disposition of the
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product. If a single product is divided in multiple containers,
there shall be a system of identifying each container.

B8.2.2 Facilities may designate an additional or supplementary unique
numeric or alphanumeric identifier to the product.

Supplementary identifiers shall not obscure the original identifier.

The facility associated with each identifier shall be designated.

B8.2.2.1 Products shipped by registries may obscure the donor
name and collection facility identifiers to maintain
confidentiality as long as there is sufficient documentation
to allow tracking to the original donor.

B8.2.3 Products shall be identified according to the proper name of
the product as defined in 3.0 (products), including the
appropriate modifiers.

B8.3 Label content
B8.3.1 Partial label

B8.3.1.1 If the container is capable of bearing only a partial label,
the container shall show as a minimum the unique identifier
of the product, proper name of the product as well as the
name and identifier of the intended recipient, if known.

B8.3.1.2 Additional information, as required in Section B8.3, shall
be provided with the product when the product is
distributed.

B8.3.2 Labeling at the end of collection

B8.3.2.1 Labeling at the end of collection shall occur before the
container is removed from the proximity of the donor.

B8.3.2.2 Atthe end of collection in the operating room or apheresis
unit, the label on the primary container shall bear the
information in Section B8.3.1.

B8.3.3 Bio-hazard label

B8.3.3.1 A bio-hazard label shall be applied to each product prior
to release from the Collection Facility if any test shows
evidence of infection due to communicable disease
agent(s) as designated in Section B6.1.7.1 - B6.1.7.6.

B8.3.3.2 A bio-hazard label shall be applied to each product if testing
was not performed or final results are not available.
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B9.0
Bo.1

B9.2

B9.3

B9.4

Records
Collection Facility Records

Records related to quality control, personnel training or competency,
facility maintenance, facility management, or other general facility
issues shall be retained for 10 years by the Collection Facility, although
not all need be immediately available.

Patient Care-Records

Patient care records including consents shall be maintained in a
confidential manner as required by applicable governmental laws
and regulations.

Research Records

Research records shall be maintained in a confidential manner as
required by applicable governmental laws and regulations.

Records in case of divided responsibility

B9.4.1 If two or more facilities participate in the collection, processing

or transplantation of the product, the records of each facility
shall show plainly the extent of its responsibility.

B9.4.2 The Collection Facility shall furnish to the facility of final

disposition a copy of all records relating to the collection and
processing procedures performed in so far as they concern the
safety, purity and potency of the product involved.
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PART C: Cell Processing Standards
C1.0 General

Cl.1 These Standards apply to the processing of cells by the Collection
Facility and/or laboratory.

C1.2 The Processing Facility shall abide by all applicable governmental
laws and regulations.

C2.0 Laboratory facilities for cell processing

C2.1 The facility responsible for cell processing shall be of adequate space
and design for the intended procedures.

C2.2 The operation of the facility shall be divided into defined areas of
adequate size for each operation to prevent improper labeling and/
or contamination of the product.

C2.3 The facility shall be operated in a manner to minimize risks to the
health and safety of employees, patients, donors and visitors.

C2.3.1 The facility shall have written policies and procedures for
infection control, biosafety, chemical and radiological safety,
emergency response to worksite accidents, and waste disposal.

C2.3.1.1 Instructions for action in case of exposure to
communicable disease, or to chemical, biological and
radiological hazards shall be included in the safety
manual.

C2.3.2 Decontamination and disposal techniques for medical waste
shall be described. Human tissue shall be disposed in such a
manner as to minimize any hazard to facility personnel or the
environment in accordance with applicable governmental laws
and regulations.

C2.3.3 Eating, drinking, smoking, the application of cosmetics or the
insertion or removal of contact lenses shall not be permitted
in work areas.

C2.3.4 Gloves and protective clothing shall be worn while handling
human specimens. Such protective clothing shall not be worn
outside the work area.

C2.4 There shall be adequate equipment for the procedures performed at
the facility.

C2.5 The facility shall be maintained in a clean and orderly manner as
established in SOPs.

C2.6 The facility shall be secure to prevent the admittance of unauthorized
personnel.
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C3.0
C3.1

Personnel

There shall be a Laboratory Head / Officer in-charge who is an
individual with a relevant doctoral degree, and qualified by training
or experience for the scope of activities carried out in the cell
processing facility. The Laboratory Head / Officer in-charge is
responsible for all procedures and administrative operations of the
cell processing facility, including compliance with these Standards.
The Laboratory Head / Officer in-charge should participate regularly
in educational activities related. to the field of hematopoietic cell
processing and/or transplantation. The Laboratory Head / Office in-
charge may also serve as the Medical Head / Office in-charge if

“appropriately credentialed.

C3.2 There shall be a Processing Facility Medical Head / Officer in-charge

C3.3

C3.4

who is a physician licensed in the jurisdiction in which the facility is
located. This individual is directly responsible for the pre-collection
evaluation of the donor, final approval of the prospective donor for
the collection procedure, conduct of the collection / processing
procedure, care of any complications arising from collection and
compliance of the collection facility with these Standards. The
Collection or Processing Facility Medical Head / Officer in-charge
should participate regularly in educational activities related to the
field of cell collection and/or processing.

There shall be a Laboratory Quality Management Supervisor
designated by the Laboratory Head to establish and maintain systems
to review, modify as necessary, and approve all procedures intended
to monitor compliance with these Standards and/or the performance
of the facility. The Laboratory Quality Management Supervisor should
participate regularly in educational activities related to the field of
cell processing and quality management.

There shall be adequate numbers of trained support personnel
available at the facility where the collection is performed.

C3.4.1 The training, continued education and continued competency

C4.0
C4.1

for the performance of operations shall be documented.

Quality management

The Cell Processing Laboratory shall establish and maintain a program
of quality management as it pertains to the laboratory, under the
supervision of a designated person. The individual shall review and
approve policies and procedures that document compliance with
regulatory requirements and standards, and the performance of
quality audits.
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C4.1.1 Protocols shall be developed, implemented and documented

for the validation or qualification of significant procedures of
facilities, processes, equipment, reagents, labels, containers,
packaging materials, and computer systems. Determination
of which elements are to be validated or qualified shall be
made by the Laboratory Head / Office in-charge.

C4.1.2 Evaluation of validation studies and audits shall be reviewed

with documentation of-approval by the appropriate individual
from the Quality Management Program.

C4.1.3 Outcome Analysis

Documentation and review of clinical outcomes shall be part
of the on-going quality management program.

C4.2 Testing of products

C4.2.1

C4.2.2

C4.2.3

C4.2.4

C4.2.5

The Laboratory Head shall prescribe tests and procedures for
measuring, assaying, or monitoring properties of the cell products
essential to the evaluation of their safety and usefulness. Results
of all such tests and procedures shall become part of the
permanent record of the product processed.

There shall be documentation of on-going proficiency testing
for tests performed within the cell processing laboratory as
designated by the Laboratory Head.

Tests required by these Standards, not performed by the cell
collection or laboratory facility, shall be performed in a laboratory
accredited or licensed in accordance with applicable governmental
laws and regulations.

A nucleated cell count shall be performed for any product after
collection and as specified in SOPs.

The processing facility shall monitor and document microbial
contamination of cell therapy products after processing and as
specified in SOPs.

C4.2.5.1 The results of microbial cultures shall be reviewed by the

Laboratory Head or designee in a timely manner.

C4.2.5.2 The recipient’s physician shall be notified in a timely manner

C4.2.6

of any positive microbial cultures.

For products undergoing manipulation that alters the final cell
population, a relevant and validated assay, where available,
should be employed for evaluation of the target cell population
before and after the processing procedure(s).
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C4.3 Supplies and reagents

C431

C4.3.2

C4.3.3

C4.3.4

C4.3.5

C4.3.6

C4.3.7

Protocols shall be developed, implemented, and documented for
the validation or qualification of significant, processes, equipment,
reagents, labels, containers, packaging materials, and computer
systems. Determination of which elements are to be validated
or qualified shall be made by the Laboratory Director.

Reagents used in processing and preservation of products shall
be of appropriate grade for the intended use and shall be sterile.

Procedures for production of in-house reagents shall be validated.

Each supply and reagent used in the processing and infusion of
the product shall be examined visually for damage or evidence
of contamination as it comes into inventory. Such examination
shall include inspection for breakage of seals, abnormal color
and expiration date.

All supplies and reagents used in the processing, testing, freezing,
storage, and transplantation of products shall be stored in a safe,
sanitary, and orderly manner.

All supplies and reagents coming into contact with products during
processing, storage, and transplantation shall be sterile.

Supplies and reagents should be used in a manner consistent
with instructions provided by the manufacturer.

C4.4 Equipments

C4.4.1

C4.4.2

C4.4.3

C4.4.4

Equipments used in the processing, testing, freezing, storage,
transportation, and transplantation of products shall be
maintained in a clean and orderly manner and located so as to
facilitate cleaning, calibration and maintenance.

The equipments shall be observed, standardized and calibrated
on a regularly scheduled basis as described in the SOPs Manual
and according to the Manufacturer’s recommendations.

Sterilization equipments shall be designed, maintained and used
to ensure the destruction of contaminating microorganisms.

Refrigerators and freezers used for the storage of specimens,
cell products, blood products, human tissues, or reagents shall
not be used for any other purpose.

C4.5 Review of processing records
C4.5.1 Records pertinent to the product shall be regularly reviewed by

the Laboratory Head or designee.

C4.5.2 The review may be performed at appropriate periods during or

after product processing, testing, freezing, and storing.
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C4.5.3 A thorough investigation, including resolution and outcome, of
any unexplained discrepancy or the failure of a product to meet
any of its specifications shall be made and documented.

C4.6 Errors, accidents and adverse reactions

C4.6.1 Each cell processing facility shall have a system for detecting,
evaluating, documenting and reporting errors, accidents,
suspected adverse reactions, and complaints. Corrective actions
shall be documented and reviewed by the Laboratory Head .

C4.6.2 All suspected clinical adverse reactions shall be evaluated
promptly according to SOPs, and reviewed by the Processing
Facility Medical Head

C4.6.3 A written evaluation of reported adverse reactions shall be
included as part of the processing record and made available to
the patient’s physician.

C4.6.4 Where applicable, the event shall also be reported to the clinical
program, the collection facility and appropriate regulatory agency.

C5.0 Policies and procedures

C5.1 The Cell Processing Facility shall have written policies and procedures
addressing all appropriate aspects of the operation including
processing; emergency and safety procedures; donor and patient
‘confidentiality; quality management and improvement; errors,
accidents and adverse reactions; corrective actions; personnel
training; competency assessment; outcome analysis; audits;
labeling; storage, including alternative storage if the primary storage
device fails; transportation; expiration dates; release and exceptional
release; disposal of medical and biohazard waste; equipment and
supplies; maintenance and monitoring; cleaning and sanitation; and
a disaster plan.

C5.2 The Cell Processing Laboratory shall maintain a detailed SOP Manual.
C5.2.1 The SOP Manual shall include:

C5.2.1.1 A procedure for preparing, implementing and reviewing
all procedures.

C5.2.1.2 A standardized format for procedures, including
worksheets, reports and forms.

C5.2.1.3 A system of numbering and/or titling of individual
procedures.

C5.2.2 Procedures shall be sufficiently detailed and unambiguous to
allow qualified technical staff to follow and complete the
procedures successfully. Each individual procedure requires:
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C5.3

C5.4

C5.5

C5.6

C5.7

C5.8

C6.0
c6.1

C5.2.2.1 A clearly written description of the purpose.
C5.2.2.2 A clear description of equipment and supplies used.

C5.2.2.3 The objectives of the procédure, and acceptable end-
points and the range of expected results where applicable.

C5.2.2.4 A reference section listing appropriate literature.

C5.2.2.5 Documented approval of procedure and each procedural
modification by the Laboratory Head or Processing Facility
Medical Head appropriate prior to implementation and
annually thereafter, including the associated validation
studies.

C5.2.2.6 Examples of correctly compieted orders, worksheets,
reports, labeis and forms, where applicable.

Copies of the SOP Manual shall be available in the immediate area
to the facility staff at all times.

All personnel in the facility shall follow the SOPs detailed in the
manual.

New and revised policies and procedures shall be reviewed by the
staff prior to implementation. This review and associated training
shall be documented.

Archived procedures and their historical sequence shall be maintained
indefinitely, including the inclusive dates of use.

Deviations from SOPs shall be documented and approved, if
appropriate, by the Laboratory Head or desighee.

SOPs for all procedures shall comply with these Standards.

Adult cell processing
Laboratory control procedures shall include:

C6.1.1 The establishment of validated and appropriate éssays,

standards and test procedures for the evaluation of products.

C6.1.2 Provisions for monitoring the reliability, accuracy, precision and

performance of laboratory test procedures and instruments.

C6.1.3 Identification and handling of all test samples so that they are

accurately related to the corresponding product being tested,
or to its donor, or to the corresponding recipient, where
applicable.
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6.2 Cell processing

C6.2.1 All open cell handling procedures must be performed in class
100 environment.

C6.2.2 More than minimal manipulation of products should only be
performed in a clean-room environment. Environmental
monitoring of such rooms must be performed and documented.

C6.2.3 There shall be a written request from the recipient’s physician
before processing is initiated.

C6.2.4 Processing of cellular therapy products shall be performed
according to protocols defined in the facility’s SOPs.

C6.2.5 Methods for processing shall employ aseptic technique and be
validated to result in acceptable cell viability and recovery.

C6.2.6 The objectives and acceptable end-points for each procedure
shall be specified.

C6.2.7 Worksheets shall be maintained for all procedures.

C6.2.7.1 The individual responsible for each significant step of
processing shall be documented.

C6.2.7.2 Lot numbers and expiration dates of reagents and
disposables and a record of key equipment used in
processing shall be documented.

C6.2.8 The Laboratory Head or designee shall review the processing
record for every product.

C6.2.8.1 The appropriate transplant physician shall be notified when
the clinically relevant processing end-points are not met.

C6.2.8.2 Notification and appropriate remedial actions, if taken,
shall be documented in the processing record.

C6.2.9 Process using more than minimal manipulation shall only be
performed with the institutional review board (IRB) approval
and with the written informed consent of the recipient of the
product and in compliance with governmental laws and
regulations, as applicable

C6.3 There shall be a policy and procedure to cover the processing of
ABO incompatible products, when applicable

C6.4 Laboratory control procedures shall include:

C6.4.1 The establishment of validated and appropriate assays,
standards and test procedures for the evaluation of products.

C6.4.2 Provisions for monitoring the reliability, accuracy, precision and
performance of laboratory test procedures and instruments.
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C6.4.3 Identification and handling of all test samples so that they are
accurately related to the corresponding product being tested,
or to its donor, or to the corresponding recipient, where
applicable. '

C7.0 Cryopreservation
C7.1 Samples
C7.1.1 Sample aliquots of the product, cryopreserved and stored under
the same conditions as the product, should be available for
testing for 5 years.

C7.2 Procedures

C7.2.1 Cryopreservation procedures shall be included in the cell
processing facility’s SOPs and shall describe:

C7.2.1.1 The name and freezing criteria of the cell product or
aliquot.

C7.2.1.2 The cryoprotectant solution and its final concentration.
C7.2.1.3 Cryopreservation container.

C7.2.1.4 Acceptable range of product volume for reproducible
cryopreservation.

C7.2.1.5 Acceptable range of nucleated cell concentration of the
final product after cryopreservation.

C7.2.1.6 Cooling rate.
C7.2.1.7 Product temperature at endpoint of controlled cooling.
C7.2.1.8 Acceptable temperature range for storage.

C7.3 Cooling rate
C7.3.1 The cryopreservation procedure shall be validated.

C7.3.2 The cooling rate achieved shall be recorded, if a rate-controlling
device is used. :

C8.0 Labeils
C8.1 Labelling operations
C8.1.1 Labelling operations shall be conducted in a manner adequate
to prevent mislabeling of products.

C8.1.2 The labelling operation shall include the following quality
management elements:

C8.1.2.1 Container labels shall be held upon receipt from the
manufacturer pending review and proofing against a copy
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approved by the Laboratory Director or designee to ensure
accuracy regarding identity, content, and conformity.

C8.1.2.2 Stocks of unused labels representing different products

shall be stored in an orderly manner to prevent errors.
Stocks of obsolete labels shall be destroyed.

C8.1.2.3 A system of checks in labeling procedures shall be used

to prevent errors in translating information to container
labels. )

C8.1.2.4 Al labeling shall be clear and legible and printed using

C8.1.3
C8.1.4

C8.1.5

C8.1.6

C8.1.7

C8.1.8

moisture-proof ink.
Labels shall be affixed or attached firmly to the container.

The cell therapy product name and significant product
modification(s) shall be noted on the label.

Products that are subsequently re-packaged into new containers
shall be ilabeled with new labels as appropriate. Records to
allow tracking of products including collection or processing
facility identity, unique numeric or alphanumeric identifier,
collection date and time, product identity, donor and recipient
information on the original container shall be maintained.

When the label has been affixed to the container, a sufficient
area of the container shall remain uncovered to permit
inspection of the contents.

The product label shall be complete. Not applicable (NA) may
be used when appropriate.

Labeling requirements, if any, required by governmental laws
or regulations shall be observed.

C8.2 Product identification

C8.2.1

C8.2.2

Each product shall be assigned a unique numeric or
alphanumeric identifier by which it will be possible to relate
any product to its donor, the donor’s medical record, and to all
records describing the handling and final disposition of the
product. If a single product is stored in multiple containers,
there shall be a system of identifying each container.

Facilities may designate an additional or supplementary unigue
numeric or alphanumeric identifier to the product.

Supplementary identifiers shall not obscure the original
identifier. The facility associated with each identifier shall be
designated.
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C8.2.3 If applicable, significant modifications made to the product
subsequent to collection and prior to cryo-preservation shall be
noted.

C8.3 Partial label

C8.3.1 If the container is capable of bearing only a partial label, the
container shall show as a minimum the unique identifier of the
product, proper name of the product as well as the name and
identifier of the intended recipient, if known.

C8.4 Bio-hazard label

C8.4.1 A bio-hazard label shall be applied to each product if any test
shows evidence of infection due to communicable disease

agent(s).

C8.4.2 A bio-hazard label shall be applied to each product if testing
was not performed or final results are not available.

C8.5 Label during processing

C8.5.1 Any container used during processing shall contain at a minimum
the information required in 8.310

C8.6 Labeling at completion of processing

C8.6.1 At the end of processing, the label on the product container
shall bear the information in 8.310.

C8.7 Labeling prior to distribution

C8.7.1 At the time of distribution the name and unique patient identifier
of the intended recipient shall be attached to the product
container if this information is not already on the primary
container label.

C9.0 Issue of Products Prior to Distribution
C9.1 Inspection of products prior to distribution

C9.1.1 Each product issued for infusion shall be inspected by two trained
personnel immediately before release to verify appropriate
" labeling and integrity of the product container.

C9.1.2 The Laboratory Head, or designee, shall give specific
authorization for use when the container is compromised and/
or recipient information is not verified.

C9.2 Return of products from issue
C9.2.1 Products accepted for return shall meet the following conditions:
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C9.2.1.1 The integrity of the primary container has not been
compromised subsequent to issue from the laboratory.

C9.2.1.2 The product has been maintained subsequent to issue at
the specified temperature range during storage and
transportation.

C9.2.2 If the conditions in 9.211 and 9.212 have not been met, the
Laboratory Head or designee shall give specific authorization
to accept the products for return.

C9.2.3 The Laboratory Head or designee shall consult with the patient’s
physician regarding reissue or discard of the returned product.

C9.2.4 Documentation of the events requiring return, the results of
inspection upon return, and subsequent action taken to insure
product safety and viability shall be maintained in the laboratory
record.

C9.3 Instructionrs for administration

C9.3.1 For each type of product, the laboratory shall maintain a current
document containing the following as appropriate:

C9.3.1.1 The use of the cell product, indications, contraindications,
side effects and hazards, dosage and administration
recommendations,

C9.3.2 The instructions for administration shall be available to the
clinical staff caring for the recipient.

C9.4 Infusion forms

C9.4.1 The laboratory shall provide a written form to be completed
for products issued containing at a minimum the name and
unique identifier of the intended recipient, the proper product
name and product identifier, and the initials of the medical
staff receiving the product.

C10.0 Conditions for Storage

C10.1 Storage duration

C10.1.1 Facilities storing cell products shall establish policies for
the duration and conditions of storage and indications for
discard. Patients, donors, and associated transplant centers
should be informed about these policies before cell
collection.

C10.2 Temperature .
C10.2.1 Storage temperatures shall be defined in the SOP Manual.
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C10.2.2

c10.2.3

Cells stored in a liquid state shall be maintained within a
specific temperature range and for a period of time specified
in a SOP.

Cryopreserved products shall be stored within a
temperature range appropriate for the cell product and
cryoprotectant solution used and as defined in the SOPs.

C10.3 Product safety

Cl10.3.1

C10.3.2

Materials that may adversely affect cell products shall not
be stored in the same refrigerators or freezers.

For products immersed in liquid nitrogen, procedures to
minimize the risk of microbial cross-contamination of
products shall be employed.

C10.4 Monitoring

Cl10.4.1

Refrigerators and freezers for product storage shall have a
system to.monitor the temperature continuously or at least
every 8 hours.

C10.4.1.1 For products fully immersed in liquid nitrogen

Cl10.4.2

continuous temperature monitoring is not required.

There shall be a mechanism to ensure that levels of liquid
nitrogen in liquid nitrogen freezers are maintained.

C10.5 Alarm systems

C10.5.1

C10.5.2
C10.5.3

C10.5.4

C10.5.5

Storage devices for products or reagents for product
processing shall have alarm systems that are continuously
active,

Alarm systems shall have audible signals.

If laboratory personnel are not always present in the
immediate area of the storage device, a remote alarm
device shall be required at a location staffed 24 hours a
day.

Alarms shall be set to activate at temperatures or an unsafe
level of liquid nitrogen to allow time to salvage products.

There shall be written instructions to be followed if the
storage device fails. These instructions shall be displayed
in the immediate area containing the storage device.

C10.5.5.1 A procedure for notifying laboratory personnel shall

C10.5.6

be placed at each remote alarm location and in the
immediate area of the storage device.

Alarm systems shall be checked periodically for function.
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C10.5.7 Additional storage devices of appropriate temperature shall
be available for product storage if the primary storage
device fails.

C10.6 Security

C10.6.1 The storage device shall be located in a secure area.
Locking  capability for the device or the storage location
should be used when the area is unattended.

C10.7 Inventory control

C10.7.1 An inventory control system to identify the location of each
product and associated sample aliquots shall be in use.

C10.7.2 The inventory control system records shall include:
C10.7.2,1 Donor name or identifier
C10.7.2.2 Patient hame or identifier (if known)
C10.7.2.3 Product unique identifier
C10.7.2.4 Product or specimen name
C10.7.2.5 Date of collection
C10.7.2.6 Storage device identifier
C10.7.2.7 Location within the storage device
C10.7.2.8 Dates of issue
C10.7.2.9 Disposition

C11.0 Transportation

C11.1 Procedures for transportation of non-frozen and/or cryopreserved
products shall be designed to protect the integrity of the product
being shipped and the health and safety of facility personnel.

C11.2 The primary product container for non-frozen products shall be
placed in a secondary plastic bag and sealed to prevent leakage.

C11.3 Frozen or non-frozen products that leave the facility or are
transported on public roads shall be shipped in an outer shipping
container.

‘C11.3.1 The outer shipping container shall be thermalily insulated
and shall conform to the regulations regarding the mode of
transport.

C11.3.2 The outer shipping container shall be made of material
adequate to withstand leakage of contents, shocks, pressure
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C11.3.3

C11.3.4

C11.3.5

C11.3.6

C11,3.7

C11.3.8

C11.3.9

Cl1.4 The

changes, and other conditions incident to ordinary handling
in transportation. '

The shipping container shall be of appropriate design and
construction for transportation of the cryogenic material
used.

Cryopreserved products with an indicated storage
temperature below -80°C shall be shipped in a validated
liguid nitrogen “dry shipper” that contains adequate
absorbed liguid nitrogen to maintain temperature at least
48 hours beyond the expected time of arrival at the receiving
facility. '

During transport, the product temperature shall be
maintained at the storage temperature specified by the
Processing Laboratory.

The sending facility shall include a temperature monitor in
the shipper.

Outer shipping container shall be labeled as defined in
Section C8.3.

There shall also be a label inside the shipping container
that includes all the information required on the outer
shipping container as defined in Section C8.3.

The shipping container shall be labeled in accordance with
applicable regulations regarding the cryogenic material used
and the transportation of biologic materials.

receiving facility shall verify the presence of cryogenic

material (absorbed liquid nitrogen) in the shipper and the status of
the temperature monitor shall be recorded upon arrival.

C11.5 Method of transport

C11.5.1
C11.5.2

C11.5.3

Cl11.5.4

The transit time should -be minimized.

If the intended recipient has received high-dose therapy,
the product shall be hand-carried by a suitably informed
courier in the passenger compartment.

There shall be plans for alternative transport in an
emergency.

The products should not be passed through X-Ray
irradiation devices designed to detect metal objects. If
inspection is necessary, the contents of the container shall
be inspected by hand.
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C11.6 Transport records

Cil.6.1

C11.6.2

C11.6.3

Cli.6.4

Transport records shall permit tracing of the product from
one facility to another.

Transport records shall identify the date and time product
is shipped and received.

Transport records shall identify the source facility, the
receiving facility, and the personnel responsible for shipping
and receiving the product.

Transport records shall document the identity of the courier
and any delays or problems occurring during transportation
of the product.

C12.0 Disposal
C12.1 There shall be a written policy for disposal of cell products.

C12.2 There shall be a written agreement between the patient or
designated recipient and the storage facility defining the
circumstances for disposal or transfer of cells.

C12.2.1

If the patient or designated recipient is still alive, his/her
written consent for disposal or transfer of the products
shall be obtained. If consent is denied, the patient shall
be offered the opportunity to ship the product to another
facility.

C12.3 There shall be written documentation of patient death or no further
need for the product before any product is discarded.

C12.4 The records for discarded products shall indicate the product
discarded, date of discard, and method of disposal.

C12.5 The Laboratory Medical Head of the processing facility, in
consultation with the patient’s transplant physician, shall approve
of product discard and method of disposal.

C12.6 The method of disposal and decontamination shall meet the
governmental laws and regulations, for disposal of biohazardous
materials.

C13.0

Records

C13.1 General requirements

C13.1.1

All records and communications among the collection,
processing and transplant facilities and their patients shall
be regarded as privileged and confidential. Safeguards to
assure this confidentiality shall be established and followed
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C13.1.2

C13.1.3

C13.1.4

C13.1.5

C13.1.6

in compliance with applicable governmental laws and
regulations.

Records shall be made concurrently with each step of the
processing, testing, cryopreservation, storage, and infusion
or disposal of each product in such a way that all steps may
be accurately traced.

Records shall be legible and indelible, shall identify the
person immediately responsible for each significant step,
and shall include dates (and times where appropriate) of
various steps and shall show the test results as well as the
interpretation of each result where appropriate.

Records of each step shall be as detailed as necessary for a
clear understanding of each step by a person experienced
in hematopoietic progenitor ceil processing and
transplantation, and shall be available for inspection by
authorized individuals.

Appropriate records shall be available from which to
determine the lot numbers and manufacturer of supplies
and reagents used for the processing of specific products.

Records shall be maintained in such a way as to assure
their integrity and preservation.

C13.2 Records to be maintained indefinitely

Records related directly to the processing, testing, storage or
release of HPCs shall be maintained indefinitely.

C13.2.1 Processing records
C13.2.1.1 Identity of any facility involved in the collection,

processing, storage or transplantation of the product.

C13.2.1.2 Product processing, including lot nhumbers and

expiration dates of reagents and disposables and a
record of key equipment used in processing shall be
documented.

C13.2.1.3 Authorization by the recipient’s physician for the

processing of products.

C13.2.1.4 Results and interpretation of all tests and re-tests.
C13.2.1.5 Information on characterization of materials and

devices used in the manipulation of products
including but not limited to antibodies, serum,
cytokines, toxins, antibiotics, pharmacologic agents,
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other chemicals or solid supports. Records shall
include the manufacturer’'s name and lot numbers
of all reagents used.

C13.2.1.6 Records of laboratory personnel involved in the
labeling, processing, storage or distribution of the
product, including their name, signature, initials,
identification and inclusive dates of employment.

C13.2.1.7 Documentation of donor’s infectious disease testing
results,

C13.2.1.8 Signature of the Laboratory Medical Head authorizing
the release of products in cases where there is a
nonconforming product.

C13.2.2 Storage and distribution records

C13.2.2.1 Distribution or disposition, as appropriate, of
products.

C13.2.2.2 Visual inspection of liquid products immediately
before distribution.

C13.2.2.3 Product storage temperature, including initialed
temperature recorder charts.

C13.2.2.4 Reissue, including records of proper temperature
maintenance, documentation of events requiring
return, results of inspection upon return and actions
taken to insure product safety and viability prior to
reissue.

C13.2.3 Compatibility test records

C13.2.3.1 Results of all compatibility tests, including red cell
compatibility testing of patient samples, antibody
screening and identification as specified in the facility
SOP.

C13.2.4 Errors, accidents, adverse reactions and complaints:

C13.2.4.1 Records of errors, accidents and corrective action
regarding processing, storage or infusion occurring
within the facility.

C13.2.5 All superseded procedures and policies.

C13.3 Records to be maintained for 10 years

Records related to quality control, personnel training or
competency, equipment maintenance, sterilization of supplies and
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reagents, disposition of rejected supplies and reagents,
management, or other general facility issues shall be retained for
10 years by the processing facility, although not all need be
immediately available. If governmental laws or regulations require
a longer retention period, records shall be retained for the period
required by such laws or regulations.

C13.3.1 Temperature charts and records for storage of reagents.

C13.3.2 Calibration and standardization of equipment including
initial installation.

C13.3.3 Performance checks of equipment and reagents.

C13.3.4 Periodic tests of capacity and integrity of shipping
containers to maintain proper temperature in transit.

C13.3.5 Periodic check on aseptic technique and competency.

C13.3.6 - Proficiency test results.
C13.3.7 Results of inspection and accreditation visits.
C13.3.8 General facility records.

C13.3.8.1

C13.3.8.2

C13.3.8.3

C13.3.84

C13.3.8.5

Sterilization records of supplies and reagents
prepared within the facility, including date, time
interval, temperature and mode.

Technical personnel training, continuing education,
and periodic competency testing.

Maintenance records for equipment including
preventive maintenance and general physical plant.

Documentation of acceptance for supplies and
reagents, including name of manufacturer or
supplier, lot numbers, date of receipt and expiration
date as established in the facility SOP.

Disposition of rejected supplies and reagents used
in the collection, processing, testing, freezing and
storage of products.

C13.4 Electronic records
An electronic record is any record or document consisting of any
combination of text or graphics or other data that is created, stored,
modified, or transmitted in digital form by a computer.

C13.4.1 If a computer record-keeping system is used, there shall
be a system to ensure the authenticity, integrity and
confidentiality of all records.
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Cl13.4.2

C13.4.3

Cl13.4.4

There shall be protection of the records to enable their
accurate and ready retrieval throughout the period of record
retention.

The facility shall have an alternative system that ensures
continuous operation in the event that computerized data
are not available. The alternative system shall be tested
periodically.

There shall be established written procedures for record
entry, verification and revision. A system shall be
established for display of data before final acceptance.

C13.4.4.1 The quality assurance system shall include an

C13.4.5

assessment of computer functions to ensure that
errors and problems are reported and resolved.

There shall be a system whereby access is limited to
authorized individuals.

C13.4.6 There shall be the ability to generate true copies of the

C13.4.7

records in both paper and computer form suitable for
inspection and review.

When the software is not commercially available and
computer system is used, there shall be validated
procedures for and documentation of:

C13.4.7.1 Systems development, if carried out internally.

C13.4.7.2 Numerical designation of system versions if

applicable.

C13.4.7.3 Prospective validation of system, including

hardware, software, and database.

C13.4.7.4 Installation of the system.
C13.4.7.5 Training and continuing competency of personnel

in systems use.

C13.4.7.6 Validation and monitoring of data integrity.

C13.4.7.7 Policies and procedures for system maintenance and

operations. Documentation shall be complete, in
language understandable by users.

C13.4.8 All system modifications shall be authorized, documented,

and validated prior to implementation.

C13.4.9 The computer system shall ensure that all donor, product

and patient identifiers are unique.
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C13.5 Records in case of divided responsibility

C13.5.1 If two or more facilities participate in the collection,
processing or transplantation of the product, the records
of the Cell Processing Laboratory shall show plainly the
extent of its responsibility.

C13.5.2 The Cell Processing Laboratory shall furnish to the facility
of final disposition a copy of all records relating to the
collection and processing procedures performed in so far
as they concern the safety, purity and potency of the
product involved. '
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Derivation and Characterization of Two Sibling
Human Embryonic Stem Cell Lines From Discarded
Grade lll Embryos
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Human embryonic stem (hES) cells are a valuable tool for studying human development in addition to their
potential applications in regenerative medicine and drug discovery. The role of genetic background and epi-
genetic influences in development as well as in response to external influences such as drugs and therapies is
well recognized. The great ethnic diversity in the Indian subcontinent translates to interindividual variability
in drug response and disease susceptibility. For these reasons, new hES cell lines representing Indian genetic
diversity will be valuable in studies of tissue-differentiation, cellular-function and for aspects of characteriza-
tion of responses to drugs. We have derived two new hES cell lines, BJNhem19 and BJ]Nhem20 from the inner cell
mass (ICM) of discarded grade IIl human embryos that were not suitable for in vitro fertility treatment. Human
leukocyte antigen (HLA) isotype analysis shows that they are genetically distinct from existing hES cell lines.
Short tandem repeat (STR) analysis shows that the two cell lines are derived from sibling embryos. These cell
lines show an undifferentiated phenotype in culture for more than 65 passages, show normal karyotype and
express pluripotency markers such as TRA-1-60, TRA-1-81, stage-specific embryonic antigen-4 (SSEA-4), alkaline
phosphatase, DNMT3B, GABRB3, GDF3, OCT4, NANOG, SOX2, TERF1, TDGF, LEFTA, THY1, and REX1. While
both cell lines can differentiate into derivatives of all three germ layers in vitro, only B[Nhem20 can form tera-
tomas when transplanted into mice. We observe an increased frequency of cardiomyocyte differentiation from
BJNhem?20 embryoid bodies in feeder-free cultures upon induction with DMSO. Cardiomyocytes purified from
such cultures survive and show rhythmic contractions for several weeks in culture. These hES cell lines have
been accepted for deposit in the U.K. Stem Cell Bank and will be a useful resource for the international stem cell
community. .

Introduction
and cultivation [3]. Possible applications require standardiz-

HUMAN EMBRYONIC STEM (hES) cell technology promises
a new era in regenerative medicine, drug discovery
and therapy. This technology, it is argued, has the potential
to generate banks of specific cell types for transplantable
therapy, allowing one to overcome the significant shortage
of transplantable material for a wide range of human dis-
orders [1,2]. However, despite several lines being generated
in recent years, those freely available for research are still
few. The routine cultivation of hES cells remains techni-
cally challenging and very demanding, justifying the need
for developing novel reagents and techniques for derivation

ing of all aspects of hES cell technology including making
available more information regarding the derivation pro-
cess, initial propagation, differentiation, and efficient scale-
up of cell lines [4].

Although several hES cell lines have been derived from
across the world, only one hES cell line has been reported
from the Indian subcontinent [5]. Further, the great major-
ity of published and available lines are from Europe and
North America [6] (http://www.hescreg.eu/) (http://
www.mrc.ac.uk/PolicyGuidance/EthicsAndGuidance/
StemCells/UsingTheUKStemCellBank/index.htm). There are
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well-documented marked differences in disease-frequency
and disease-susceptibility between ethnic groups such as
South Asians, Caucasians, Hispanics, African-Americans,
and so on [7-10]. In this context, it may be useful to have
a representation of ES cell lines representing the large and
diverse Indian population. As good quality human embryos
are a precious and limited resource, we have used discarded
human embryos generated during in vitro fertility treat-
ment and derived two new hES cell lines which we named
BJNhem19 and BJNhem20. Human leukocyte antigen (HLA)
isotype analysis and short tandem repeat (STR) analysis
shows that the two cell lines are from sibling embryos. Both
hES cell lines show a normal karyotype and pluripotent
characteristics.

hES cells can be coaxed to differentiate in a directed fash-
ion along specific pathways forming a wide variety of cell
types derived from ectoderm, mesoderm as well as endo-
derm in vitro, and when transplanted into mice [11-14].
Differentiation of hES cells into specific lineages is, how-
ever, quite inefficient and much needs to be learnt, both
empirically and mechanistically, about how to control and
manipulate this differentiation [15,16]. Our specific inter-
ests are in differentiating hES cells to cardiomyocytes and
to understand and manipulate this process. Current meth-
ods involve spontaneous differentiation of cardiomyocytes
within embryoid bodies [17,18] often augmented by specific
chemicals [19,20], growth factors [21,22], coculture with an
endoderm-like feeder layer [23,24] or by using transgenic
"hES cell lines [25]. However, the success of these methods
seems to depend on the specific hES cell line being used
[22,26,27]. We undertook a preliminary study to assess the
cardiac differentiation potential of our derived hES cell
lines. We report induction of beating clusters of cardiomyo-
cytes from BJNhem20 cells without feeder layers or external
growth factors, based on modifications of reported protocols
[20,28]. Further, we show that the differentiated cardiomyo-
cytes continue to show rhythmic contractions and survive
for over 2 months in culture. They continue to express car-
diac markers after being isolated, expanded in culture, fro-
zen and thawed. Hence, these cells can serve as an important
hES cell-derived resource, which can be scaled up to desired
numbers and frozen for future use.

Two additional hES cell lines derived from India are
described in an accompanying paper from the group of
Deepa Bhartiya. Together, the four hES cell lines will be
a valuable addition to the existing resource available to
researchers.

Materials and Methods
Derivation of hES cell lines

A total of 21 fresh discarded grade III human embryos
at day 5-6, that were produced for in vitro fertility treat-
ment but were not suitable for fransfer or freezing were
obtained with informed consent and institutional review
board approval. The zona pellucida was removed by treat-
ment with acidic Tyrode’s solution. Embryos were cultured
whole on feeders without further manipulation or were sub-
jected to immunosurgery using rabbit antihuman antiserum
and guinea pig serum complement (Sigma Chemical Co,
USA) and then plated on feeders. For some embryos, after
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immunosurgery, the inner cell mass (ICM) was separated
from trophectoderm cells by mechanical dissection with
hand-pulled micro-needles within a dish of feeders. The
separated ICM was left on feeders and trophectoderm frag-
ments were removed. For use as a feeder layer mitotically
inactivated mouse embryonic fibroblasts (ATCC SCRC-1040)
were plated on gelatin-coated tissue culture plates at a den-
sity of ~50,000 cells/cm? The culturé medium consisted
of Knockout DMEM (Invitrogen, Carlsbad, CA, USA) con-
taining 5% Knockout Serum Replacement (Invitrogen), 5%
fetal bovine serum (FBS) (Hyclone; South Logan, UT, USA),
2 mM r-glutamine, 0.1 mM B-mercaptoethanol, 1% nones-
sential amino acids (all Invitrogen), 8 ng/mL basic fibroblast
growth factor (bFGF) (Sigma), 20 ng/mL human leukemia
inhibitory factor (LIF) (Sigma) and 1X antibiotic—antimy-
cotic (Invitrogen). Between 10-14 days after plating, ICM-
like clumps were mechanically dissociated and replated on
fresh feeders. The resulting hES cell outgrowths were man-
ually picked by microdissection and propagated. After the
third passage, FBS was omitted from the growth medium
and after 25 passages, cultures were grown without antibi-
otics. Cells were routinely passaged by mechanical cutting
of colonies and trarisfer to fresh feeders. For bulk culture of
cells, dishes were passaged enzymatically using trypsin or
collagenase IV [3].

Cryopreservation and thawing

The cultures were cryopreserved by vitrification [29] as
well as slow freezing in 10% DMSO in FBS.

Characterization of undifferentiated
surface markers

Cell cultures were analyzed enzymatically or immuno-
histochemically for markers of undifferentiated hES cells.
Alkaline phosphatase activity was assessed by incubat-
ing the cells with a 1:1 mixture of NBT and BCIP (Roche
Diagnostics) according to the manufacturer’s instructions.
Localization of various cell surface markers was done as
described before [30] using specific antibodies to OCT4 (BD
Pharmingen), stage-specific embryonic antigen-4 (SSEA-4),
TRA-1-60, and TRA-1-81 (Chemicon) all at 1:50 dilution.
Alexa Fluor-conjugated secondary antibodies (Molecular
Probes, USA) were used at a dilution of 1:400 to immuno-
localize the binding of the primary antibody.

Reverse transcription-polymerase chain reaction
(RT-PCR) analysis -

Total RNA of 2 pg from cultured hES cell lines was
reverse transcribed. using Superscript II (GIBCO) and ran-
dom primers, according to the manufacturer’s instructions.
PCR was performed using primers specific for the different
markers of undifferentiated hES cells as listed in Supple-
mentary Table 1 (available online at http://www.liebertpub.
com/scd).

Karyotype analysis

Standard G banding of metaphase spreads was per-
formed and analyzed using CytoVision software. For each
sample, 20 metaphases were counted and 15 were analyzed.
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HLA typing and STR analysis

HLA allele typing was performed for the HLA—A, B,
and DR alleles using Olrup SSP trays from GenoVision, Inc.
(West Chester, PA, USA) by Manipal AcuNova Ltd,,
Bangalore. STR analysis was performed by Vimta Labs
(Hyderabad, India) using the AmpFISTR Identifiler Primer
Set and run in ABI3130 with POP4 polymer. The data was
analyzed using Genemapper ID software.

Analysis of pluripotency in vitro

Human ES cell colonies for each cell line were mechan-
ically dissected out and cultured in suspension without
feeders in embryoid body (EB) medium (DMEM containing
10% FBS, 2 mM r-glutamine, 0.1 mM B-mercaptoethanol,
1% nonessential amino acids) to form EBs. After 3 days, EBs
were transferred to gelatin-coated dishes or glass slides and
cultured for an additional 5 to 50 days to monitor sponta-
neous differentiation. A fraction of the EBs was allowed to
continue in suspension culture to form cystic embryoid bod-
ies (CEBs). The expression of lineage markers in the EBs was
determined by staining for ectoderm, mesoderm, and endo-
derm. Antibodies used were against Nestin (Chemicon),
B-HI tubulin, Vimentin, and alpha fetoprotein (AFP) (Sigma
Chemical Co.,, USA), Flk-1/KDR (BD Pharmingen) and
Brachyury (Santacruz, USA).

Teratoma formation

To assess in vivo pluripotency, 1-2 million cells were har-
vested by trypsinization, resuspended in PBS and injected
subcutaneously into immunocompromised nude mice. Mice
with visible teratomas were euthanized after 8-12 weeks
and the tumor was surgically removed. Analysis of differen-
tiated tissues was done by haematoxylin and eosin staining
of cryosections.

Differentiation to cardiomyocytes

We used a modified EB differentiation protocol with
DMSO based on that described by Kehat et al. [20]. EBs were
set up in cardiomyocyte differentiation medium (EB medium
containing 0.75% DMSO) and at day 3, were transferred to
gelatin-coated dishes. After 12 days of culture, EBs were fed
everyday with EB medium only. Cultures were maintained
in EB medium for up to 2 months and regularly scanned for
beating areas. Gene expression analysis for differentiation
into cardiac lineage was studied by immunostaining for
a-Actinin, cardiac Tropomyosin, and Pan-cadherin (Sigma
Chemical Co., USA). Immunostaining for Nebulin was used
to detect skeletal muscle cells.

Culture, freezing, and thawing of cardiomyocytes

Contracting clusters were mechanically isolated using
microneedles, washed in microdrops of PBS, dissociated in
15 pL. microdrops with trypsin/EDTA for 2-4 min at 37°C
and then trypsin was inactivated and diluted out by at least
1 mL of EB medium. The entire procedure was carried out
in the gelatin-coated final culture vessel to avoid losing any
cells during transfer. Contracting single cells and groups of
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cells could be detected microscopically from the next day
after plating (See supplementary movies). For cryopreser-
vation, contracting areas were mechanically cut into pieces
containing 25-50 cells and transferred to holding medium
before vitrification. Cells were then passed through vitrifi-
cation solutions 1 and 2 [29], taken up in straws and plunged
into liquid nitrogen. Vitrified clumps were directly thawed
in EB medium on to gelatin-coated dishes.

Results and Discussion
Derivation of new hES cell lines

We obtained fresh, clinically unusable, poor quality
blastocyst-stage human embryos, produced by in vitro
fertilization for clinical purposes, after written informed
consent and approval of the Institutional Committee for
Stem Cell Research and Therapy (IC-SCRT). The embryos
obtained were grade III low quality blastocysts with ill-
defined ICM and some irregular and fragmented blastom-
eres (Fig. 1A), which would normally have been discarded
by the clinic as they are unusable. A total of 21 blastocysts
were obtained and processed for ES cell derivation based
on published protocols with some modifications [31-34].
The zona pellucida was removed by treatment with acidic
Tyrode’s solution (Fig. 1B). Two embryos were cultured
whole on feeders without further manipulation, one was
lost during manipulation, whereas eighteen were subjected
to immunosurgery using rabbit antihuman antiserum and
guinea pig serum complement (Fig. 1C). Twelve embryos
were plated onto feeders after immunosurgery and for the
remaining six, the ICM was separated from trophectoderm
cells by mechanical dissection with microneedles (Fig. 1D)
and then plated on feeders (Fig. 1E). ICM outgrowth was
seen from 15 embryos. However, in embryos that were
plated whole or where ICM was not dissected out, the
trophectoderm cells took over the culture rapidly and
the ICM could not be propagated due to differentiation.
Though human LIF is unable to maintain cells in a plu-
ripotent state, hES cells do express the LIF receptor [35,36].
Comparison of published hES derivation protocols where
the cell lines have maintained pluripotency over long-
term culture (over 100 passages) [37], indicated that most
included LIF in the medium, though the role of LIF is not
yet clear. As we were modifying existing protocols for der-
ivation from discarded embryos, we chose to include hLIF
in the medium. However, once established, the cells could
be successfully cultured without hLIF too. As we have to
maintain uniform culture conditions over long-term pas-
sage for other experiments, we continued to include hLIF
in our culture medium.

Two of the microdissected ICMs that were derived from
the same batch of coded embryos on the same day, could be
established as human ES cell lines (Fig. 1F-M). The hES cells
have a high nucleus—cytoplasm ratio, prominent nucleoli,
compact colony structure (Fig. 11 and M) and rapid growth
rate as reported for other hES cell lines [32]. The cells are
routinely passaged by mechanical dissociation of colonies
and transfer to fresh feeders. For bulk culture, cells are pas-
saged by trypsinization. Cells were frozen by vitrification
at early passages and by slow freezing at later passages.
Vitrification resulted in over 90% recovery after thawing,
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FIG. 1. - Morphology of human blastocysts and ICM cultures during early stages of hES cell line derivation. Phase contrast
micrographs showing (A) grade Il blastocysts with poorly defined ICM and with irregular and fragmented blastomeres.
(B) Blastocyst after removal of zona pellucida with acidic Tyrode’s solution (C) after complement-mediated lysis of trophec-
toderm (immunosurgery); arrows show lysed cells. (D) Mechanical separation of ICM (arrowhead) from trophectoderm
using microneedles on a feeder layer and (E) ICM (arrowhead) plated on mouse embryonic fibroblasts. Initial stages of ICM
outgrowth (F and J) and culture (G-I and K-M) are shown for BJNhem19 (F-T) and B]Nhem?20 (J-M). Scale bar: (A) 50 pm,
(F) 20 um, and (I and M) 250 pm. All images are at the same magnification except F, I, and M.

whereas slow freezing resuited in up to 50% recovery.
Derived hES cell lines have been in culture for over a year
and show an undifferentiated phenotype in cultuie formore
than 65 passages. We have named the cell lines BJ]Nhem19
and BJNhem20.

Characterization of BJNhem19 and BJNhem20

The derived hES cell lines express a number of molecular
markers of undifferentiated pluripotent human stem cells
(Fig. 2) including octamer binding protein 3/4 (OCT3/4),
SSEA-4, TRA-1-60, TRA-1-81, and alkaline phosphatase. In
addition, RT-PCR analysis shows expression of DNMT3B,
GABRB3, GDF3, OCT4, NANOG, SOX2, TERF1, TDGF,
LEFTA, THY1, and REX1 (Fig. 3A and B). Both cell lines
exhibit a normal karyotype-BJNhem19 (46, XY) characteris-
tic of a chromosomally normal male cell line and BJNhem?20
(46, XX) characteristic of a chromosomally normal female
cell line (Fig. 3C and D).

HLA typing showed no common HLA-A alleles
between BJNhem19 and BJNhem20. One HLA-B and
two HLA-DRB alleles were matched between BJNhem19
and BJNhem20, whereas each line showed 0-1 match for
HLA-B and HLA-DR alleles with the HuES9 human ES cell

line [32] or the Ntera2 human embryonal carcinoma cell
line [38] (Table 1). STR analysis shows that of 16 loci tested,
the two cell lines share identical haplotypes at five mark-
ers and nine of the remaining markers have one allele in
common. If we consider one common allele at each locus,
then all alleles except D55818 match. Further, D5S818 is
homozygous in each line. These data very strongly sug-
gest that the two cell lines are siblings (while the embryos
are coded so that those involved in the derivation of the
lines have no knowledge of their provenance, both lines
were derived from discarded embryos on the same day).
This information will be useful in the analysis of their
résponses to drugs or small molecules and when compar-
ing their differentiation.

Human ES cells in culture can spontaneously differenti-
ate info many specialized cell types such as cardiomyocytes,
endothelial cells, hematopoietic cells, neuronal cells, pan-
creatic cells, and so on [12,14], representing all three germ
layers. Both the hES cell lines efficiently formed EBs upon
culture in suspension in differentiation medium. Over 50%
of the EBs became fluid-filled and formed CEBs (Fig. 4A)
after about 3 weeks in culture. CEB formation is a recapitu-
lation of yolk sac development and indicative of the capac-
ity of these cells to efficiently form early. mesodermal and
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BJNhem19

FIG. 2. Staining for markers of pluripotency. Fluorescent immunostaining of BJ]Nhem19 (A-D) and BJNhem20 (F-I) cells
grown on mouse embryonic fibroblasts and stained with antibodies recognizing (A and F) OCT4, (B and G) SSEA4, (C and
H) TRA-1-60, and (D and I) TRA-1-81. (E and J) Alkaline phosphatase activity in (E) BJNhem19 and (J) BJNhem20. Scale bar:

(A-D and F-I) 100 pm, (E and J) 50 pm.

endodermal lineages as well as a mature vasculature [39].
Accordingly, a well-patterned network of blood vessels
could be seen in the CEBs (Fig. 4B). Immunostaining of cryo-
sectioned CEBs showed formation of endoderm with blood
vessel precursors (Fig. 4C and D). EBs that were allowed
to grow attached on cell culture dishes spontaneously dif-
ferentiated into neuronal, cardiovascular and endodermal
lineages, for both hES cell lines. Cultures were stained at
various days of differentiation and showed cells express-
ing the neuronal marker Nestin (Fig. 4E and F), mesodermal
markers Brachyury (Fig. 4G and H) and Vimentin (Fig. 41
and J), endothelial marker VEGFRII (Fig. 4K and L) and
endodermal marker AFP (Fig. 4M and N).

To demonstrate the pluripotency of the derived hES cells,
they were injected into nude mice and allowed to form tera-
tomas. Only BJNhem?20 ES cells formed teratomas. Injection
of BJNhem19 cells resulted in some local proliferation of the

cells but no teratoma. This suggests that though BJNhem19
behaves as a typical pluripotent cell line in vitro, it may have
a limited potential for differentiation and hence cannot sup-
port teratoma formation in vivo. Some reported hES cell
lines that show all properties of pluripotency in vitro are also
unable to form teratomas in vivo [27,40]. Just as the require-
ments for differentiating different hES cell lines into specific
lineages can vary in vitro [26}, similarly, the ability to differ-
entiate in vivomay also vary. In addition, the site of injection
of the hES cells also affects teratoma formation [41]. Injection
of larger cell numbers, in alternate sites and growth in vivo
for longer duration are being attempted. The BJNhem20 tera-
tomas showed tissues from all three germ layers (Fig. 5A-])
including skin epidermis, columnar epithelium, neural
epithelium, neural rosettes (all ectoderm), smooth muscle,
blood vessels, cartilage, adipose tissue (all mesoderm), gut,
and glandular epithelium (both endoderm).
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BJNhem20 46, XX

FIG.3. Reverse transcription-polymerase chain reaction (RT-PCR) and karyotype analysi's of undifferentiated BJ[Nhem19
(A and C) and BJNhem?20 (B and D) cells. (A and B) PCR products were obtained using primers specific for DNMT3B,
GABRB3, GDF3, OCT4, NANOG, SOX2, TERF1, TDGFE, LEFTA, THY1, and REX1 as indicated. Note that GABRB3 and GDF3
lanes are interchanged in (B). Abbreviation: M, molecular weight marker. (C and D) Karyotype analysis of hES cells. Shown
are representative GTG-banded metaphase spreads of BJ]Nhem19 (46, XY) and BJNhem20 (46, XX).

TaBLe 1. HLA IsoTYPE CLASSIFICATION OF
BJNhem Cg1L LINES
MHC-I MHC-II
HLA-A HLA-B HLA-DRB
BJ]Nhem19  A*24 B*13 DRB*13
A30 B*-- DRB*15
DRB*51
DRB*52
BJNhem20  p+q B*13 DRB*
AF—- B*35 DRB*15
DRB*51
. DRB*53
HuES9 A*2 B*13 DRB*7
A*203, A*26 B*38 DRB*11
DRB*52
DRB*53
NT2D1 A1 B*8 DRB*17
A-- B-- DRB*52

HLA isotyping of three hES cell lines and one human

embryonal carcinoma cell line was performed by PCR-
SSP. The alleles examined were in the MHC-I (HLA-A

and HLA-B) and MHC-II (HLA-DRB) loci.

Cardiomyocyte differentiation from BJNhem20

Directed differentiation of BJ]Nhem19 and BJNhem?20
ES cells to cardiomyocytes was done using the EB method
([18,20] and see Materials and Methods). No spontaneous
or induced cardiac differentiation could be obtained from
BJNhem19. While BJ[Nhem20 cells can occasionally spon-
taneously differentiate into beating cardiomyocytes, addi-
tion of 0.75% DMSO to the medium and culture for 12 days
gave an increased number of beating areas from day 12 to
20 of differentiation. Our preliminary analysis indicates
that this protocol is robust and consistently gave contract-
ing areas in up to 55% of EBs that could be maintained in
culture for at least 2 months. Contracting areas could be
detached from the EB by microneedles and maintained
in suspension for at least 30 days. Detached clumps were
also dissociated by trypsin and replated on glass cham-
ber slides or 4-well dishes coated with 0.1% gelatin. Single
cells as well as small clumps of 10-20 cells obtained in
this way continued to beat and proliferated to large clus-
ters of cells that showed synchronous beating (Fig. 6 and
Supplementary movies). Such clusters showed morphology
of cardiomyocytes and uniform staining for the cardiac
markers a-actinin, cardiac tropomyosin, and pan-cadherin
(Fig. 7A-C) but were negative for the skeletal muscle marker
Nebulin (Fig. 7D). The majority of the dissociated cells
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FIG.4. Tnvitro differentiation of hES.cell lines. (A and B) Bright field images of cystic embryoid bodies (CEBs) at (A) low
and (B) high magnification showing the well-formed vascular network. (C and D) CEB sections immunostained to show
expression of (C) AFP and (D) VEGFRIL (E-N) Fluorescent immunostaining of EBs for BJNhem19 (E, G, I, K, and M) and
BJNhem?20 (F, H, J, L, and N) to detect expression of ectodermal (Nestin), mesodermal (Brachyury, Vimentin, VEGEFRII), and
endodermal (alpha fetoprotein) markers as indicated. Scale bar: (A) 1 mm; (B~L) 100 pm.

survived in culture on gelatin and continued beating for
at least 70 days after which cell death was more apparent.
Cryopreserved contracting clusters could be thawed and
cultured for an additional 2 months. Clumps recovered in
this manner expressed cardiomyocyte markers and contin-
ued to show rhythmic contractions.

Conclusions

In this study, we report the derivation of two new human
ES cell lines from poor quality embryos that are an other-
wise unusable byproduct of in vitro fertility treatment.
Human embryos are a precious and limited resource. The
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FIG. 5. Histological analysis of differentiated tissues found in teratomas formed from BJNhem20 undifferentiated hES
cells. (A-J) bright field micrographs of tissues fixed with paraformaldehyde, cryosectioned (10 p) and stained with H&E. (A)
Low power image showing tissue heterogeneity within the tumor. Derivatives of all three germ layers are seen. (B-J) High
power images showing various tissues formed as indicated. Square bracket in (B) indicates layers of epidermis. Arrowhead
in (C) indicates eccrine sweat gland. Abbreviations: ad, adipose; ce, columnar epithelium; cg, cartilage; ec, ectoderm; end,
endoderm; epi, epidermis; ge, gut epithelium; gle, glandular epithelium; me, mesoderm; ne, neural epithelium; nr, neural
rosette; sm, smooth muscle tissue; v, vessel; SC, stratum corneosum; SG, stratum granulosum; SS, stratum spinosum; SB,
stratum basale. Scale bar: (A, E, and H) 250 um, (B, C, I, and J) 100 pm, (F and G) 50 pm, (D) 25 pm.

derivation of hES cells currently requires the destruction of
ex utero embryos. We derived two stable hES cell lines from
21 discarded Grade III blastocysts. A proportion of discarded
embryos may have early developmental defects due to genetic
causes. Derivation of hES cell lines from such embryos may
be useful as a resource of cells to model and study sich
genetic disorders. The fact that they are sibling hES cell lines
is also a positive aspect in comparative studies aimed at ana-
lyzing functional differences between cell lines.

A recent large-scale study of genomic variation in India
revealed a high degree of genetic differentiation among
Indian ethnic groups [42]. Efficient derivation of more
cell lines will help build a bank of hES cell lines of var-
ious genetic backgtounds. Diversity in origins of hES
lines will provide a valuable tool to study cellular and
molecular responses to differentiation stimuli, to admin-
istered drugs and other small molecules. Further, sibling
or-related hES cell lines such as the onies we report may
aid in better-understanding of drug response and disease
susceptibility.

BJNhem20 will also allow further studies on under-
standing molecular mechanisms of cardiac differentiation,
increasing its efficiency, improved protocols for generation
of large numbers of functional cardiomyocytes, testing the
chronotropic effects of various pharmacological reagents
on cardiomyocytes, as well as comparison of these with

cardiomyocytes of different genetic backgrounds. Inherent
differences between hES cell lines are reported to affect
the efficiency of cardiogenesis [21]. Variations in deriva-
tion and culture conditions also play a role. We show that
of two simultaneously derived sibling hES cell lines, only
BJNhem?20 can efficiently form cardiac cells, suggesting an
inherent difference [26] that can be further analyzed. Hence,
the two related hES cell lines are more suitable for such
comparisons than randomly chosen unrelated lines. Thus,
the derived human ES cells will help understand early pro-
cesses in development arid also serve as a novel drug dis-
covery tool.
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FIG. 6. Morphology of
contracting cells obtained
from hES cells. (A) Beating
area derived from an EB sur-
rounded by differentiating
cells. (B) Beating mass that
has separated from the EB
and is floating in culture.
Beating mass from (B) was cut
and trypsinized to dissociate

. cardiomyocytes and replated.

Cells continued to beat and
some also divided in culture.
Cells imaged after (C) 1 day,
(D) 7 days, (E) 50 days in cul-
ture still showed beating. (F)
Isolated beating cardiomyo-
cytes. Scale bar: (A) 250 pm,
(B-D) 100 pm, (E) 50 pm and
(F) 25 pm. Videos correspond-
ing to panels E-F showing
contracting cardiomyocytes
are available as supplemen-
tary data.

marker gene expression.

Immunochistochemical analysis of dissociated and replated
cells derived from hESCs was performed for cardiac mark-
ers (A) Actinin, (B) Tropomyosin, and {C) Pan-cadherin and
shows cardiomyocyte staining. Scale bar (D): 100 ym. Note
that marker staining at the center of the clump is not accessi-
ble for imaging by confocal microscopy due to the thickness

of the tissue.




SIBLING hES CELL LINES BJNhem19 AND BJNhem20

29.

30.

31

32.

33.

34.

35.

36.

37.

Reubinoff BE, MF Pera, G Vajta and AO Trounson, (2001). Effective
cryopreservation of human embryonic stem cells by the open
pulled straw vitrification method. Hum Reprod 16:2187-2194.
Siva K, P Venu, A Mahadevan, KS Shankar and MS Inamdar.
(2007). Human BCAS3 expression in embryonic stem cells and
vascular precursors suggests a role in human embryogenesis
and tumor angjogenesis. PLoS ONE 2:e1202.

Klimanskaya I, Y Chung, S Becker, S] Lu and R Lanza. (2006).
Human embryonic stem cell lines derived from single blastom-
eres. Nature 444:481-485.

Cowan CA, I Klimanskaya, ] McMahon, J Atienza, ] Witmyer,
JP Zucker, S Wang, CC Morton, AP McMahon, D Powers and
DA Melton. (2004). Derivation of embryonic stem-cell lines from
human blastocysts. N Engl ] Med 350:1353-1356.

Stojkovic M, M Lako, P Stojkovic, R Stewart, S Przyborski,
L Armstrong, ] Evans, M Herbert, L Hyslop, S Ahmad,
A Murdoch and T Strachan. (2004). Derivation of human embry-
onic stem cells from day-8 blastocysts recovered after three-step
in vitro culture. Stem Cells 22:790-797.

Zhang X, P Stojkovic, S Przyborski, M Cooke, L. Armstrong,
M Lako and M Stojkovic. (2006). Derivation of human embry-
onic stem cells from developing and arrested embryos. Stem
Cells 24:2669-2676.

Humphrey RK, GM Beattie, AD Lopez, N Bucay, CC King,
MT Firpo, S RoseJohn and A Hayek, (2004). Maintenance of
pluripotency in human embryonic stem. cells is STAT3 indepen-
dent. Stem Cells 22:522-530.

Daheron L, SL Opitz, H Zaehres, MW Lensch, PW Andrews;
J Ttskovitz-Eldor and GQ Daley. (2004). LIF/STAT3 signaling
fails to maintain self-renewal of human embryonic stem cells.
Stem Cells 22:770-778.

Hoffman LM and MK Carpenter. (2005). Characterization and cul-
ture of human embryonic stem cells. Nat Biotechnol 23:699-708.

38.

39.

40.

41.

42.

Lee VM and PW Andrews. (1986). Differentiation of NTERA-2
clonal human embryonal carcinoma cells into neurons involves
the induction of all three neurofilament proteins. ] Neurosci
6:514-521.

Wang R, R Clark and VL Bautch. (1992). Embryonic stem cell-
derived cystic embryoid bodies form vascular channels; an
in vitro model of blood vessel development. Development
114:303-316.

LiSS, YH Liu, CN Tseng, TL Chung, TY Lee and S Singh. (2006).
Characterization and gene expression profiling of five new
human embryonic stem cell lines derived in Taiwan. Stem Cells
Dev 15:532-555.

Cooke M], M Stojkovic and SA Przyborski. (2006). Growth of
teratomas derived from human pluripotent stem cells is influ-
enced by the graft site. Stem Cells Dev 15:254-259.

Indian Genome Variation Consortium. (2008). Genetic land-
scape of the people of India: a canvas for disease gene explora-
tion. J Genetics 87: 3-20.

Address reprint requests to:

Prof. Maneesha S. Inamdar

Jawaharlal Nehru Centre for Advanced Scientific Research
Jakkur P.O.

Bangalore 560064

India

E-mail: inamdar@jncasr.ac.in
Received for publication May 19, 2008

Accepted after revision July 9, 2008
Prepublished on Liebert Instant Online July 10, 2008

N e T




This article has been cited by:

1. Parvathy Venu, Sanjukta Chakraborty, Maneesha S. Inamdar. 2010. Analysis of long-term culture properties and pluripotent
character of two sibling human embryonic stem cell lines derived from discarded embryos. Tn Vitro Cellular & Developmental
Biology - Animal 46:3-4, 200-205. [CrossRef]

2. Giuseppe Maria de Peppo , Sara Svensson , Maria Lennerds , Jane Synnergten , Johan Stenberg , Raimund Strehl , Johan Hyllner
, Peter Thomsen , Camilla Karlsson . Human Embryonic Mesodermal Progenitors Highly Resemble Human Mesenchymal
Stem Cells and Display High Potential for Tissue Engineering ApplicationsHuman Embryonic Mesodermal Progenitors Highly
Resemble Human Mesenchymal Stem Cells and Display High Potential for Tissue Engineering Applications. Tissue Engineering
Part A, ahead of print. [Abstract] [Full Text] [PDF] [PDF Plus]

3.2009, Stem cells matter to the heart. Nature India . [CrossRet]



From: Man nam
To: HESCREGISTRY (NIH/NIDCD)
Cc: admin@jncasr.ac.in; HESCREGISTRY (NIH/NIDCD)
Subject: RE: New hESC Registry Application Request #2009-ADM-010
Date: Saturday, January 30, 2010 12:49:53 PM
Attachments: Inamdar hESC evidence of compliance.doc
consent form for discarded embryos.dot

Dear hESC Registry Team,

Thank you for your email detailing the information required for our hESC
lines (BJNhem19 and BJNhem20) to be considered under Section IIA of the
NIH Guidelines. As per the requirements stated, I attach a detailed

@

explanation for each Element of the requirements. The consent form ha -
p rea ent of the requirements S See. ‘(f a3 c\._\\

already been uploaded onto the website and I attach a copy of the same
again.

Further I state that the donation and research has followed the final

version of the Guidelines of the Department of Biotechnology and the *
Indian Council of Medical Research, Government of India. _J
I also confirm that the hESC lines meet the following definition: "human
embryonic stem cells (hESCs)" are cells that are derived from the inner
cell mass of blastocyst stage human embryos, are capable of dividing

without differentiating for a prolonged period in culture, and are known *
to develop into cells and tissues of the three primary germ layers.

Sincerely,

Maneesha S. Inamdar

> Dear Maneesha Inamdar,

>

> At this point we would advise that if you wish to be considered under

> Section IIA requirements (which is an option for embryos donated outside
> of the U.S.), you will need to provide more detail on how the embryo

> donation met the Section IIA requirements, particularly Elements 1, 3, 4,
>5,6,7,9, 10, 12, 13, 14, and 15. For clarity, we're copied the Section

> IIA requirements below. Documents that may provide further evidence for
> meeting the elements could be the consent for clinical care and the

> research protocol. It would be very helpful to have a summary page

> explaining how the different elements of the NIH Guidelines are met.

>

> If you think that the lines do niot meet the Section IIA requirements, your
> submission may be considered by the ACD Working Group.

>

> In either case, you may want to. specify whether the donation and research
> was following the final version of the Guidelines of the Department of

> Biotechnology and the Indian Council of Medical Research. The ethics

> committee approval letter in your submission refers to the draft

> Guidelines, and we assume it is the final Guidelines that are included in

> your submission.

> \
> Please also confirm that the hESC lines meet the following definition:

> "human embryonic stem cells (hESCs)" are cells that are derived from the
> inner cell mass of blastocyst stage human embryos, are capable of dividing
> without differentiating for a prolonged period in culture, and are known




(SUPPORTING INFORMATION FROM SUBMITTER, DR. INAMAR, IN
JANUARY 30, 2010 EMAIL):

The supporting information must provide evidence of compliance with each of the
following elements of Section II(A) of the NIH Guidelines:

Explanation and information for each element of Section II(A) of the NIH Guidelines is
given in blue text below-

Element 1. hESCs were derived from human embryos that were created using in vitro
fertilization for reproductive purposes and were no longer needed for this purpose.

The hESCs were derived from human embryos that were created using in vitro
fertilization for reproductive purposes but were of poor quality (grade IIT) and hence not
usable for fertility treatment. Such embryos are discarded by the clinic and not of any use
for the donors. Hence the derived lines comply with Element 1. See attached consent
form.

—

Element 2. hESCs were derived from human embryos that were donated by individuals
who sought reproductive treatment (donor(s)) and who gave voluntary written consent
for the human embryos to be used for research purposes.

See attached consent form.

Element 3. 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.

See attached consent form- points 3, 4, 7 and 8

Element 4. No payments, cash or in kind, were offered for the donated embryos.
See attached consent form- point 7.

Element 5. 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).

See attached consent form- points 3, 4

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:

Element 6. 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.

*

e



The embryos used for hESC derivation were an unusable byproduct of the fertility
treatment. The consent for using discarded embryos is taken after the created embryos 3
have been observed and analyzed by the treatment clinic- hence the decisions related to

create the human embryos for reproductive purposes are free from influence of the

proposed research. Please see first paragraph of consent form.

Element 7. 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.

Date of consent given for donation for research purposes is after the date of in vitro

fertilization. However as the researcher is not permitted access to the individual consent

forms, so as to maintain confidentiality of donor identity, this evidence cannot be

provided. The donation protocol complies with the Government of India Guidelines for

stem cell research and therapy.

Element 8. Donor(s) should have been informed that they retained the right to
withdraw consent until the embryos were actually used to derive embryonic stem cells
or until information that could identify the donor(s) was no longer retained by the
researchers, if applicable. '

See attached consent form- point 8.

During the consent process, the donor(s) were informed of the following;:

Element 9. The embryos would be used to derive hESCs for research.

Element 10.What would happen to the embryos in the derivation of hESCs for research.
Element 11. hESCs derived from the embryos might be kept for many years.

Element 12. The donation was made without any restriction or direction regarding the
individual(s) who may receive medical benefit from the use of the hESCs, such as who
may be the recipients of transplants of the cells.

Element 13. The research was not intended to provide direct medical benefit to the
donor(s). '

Element 14. 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.

Element 15. Whether information that could identify the donor(s) would be available
to researchers.




From: HESCREGISTRY (NIH/NIDCD)

To: “Maneesha Inamdar”; HESCREGISTRY (NIH/NIDCD)

Cc: admin@jncast.ac.in; HESCREGISTRY (NIH/NIDCD)

Subject: RE: New hESC Registry Application Request #2009-ADM-010
Date: Tuesday, June 08, 2010 12:02:21 PM

Dear Maneesha Inamdar,
Thank you for your clarification.

Sincerely,
-Diane Hannemann

----- Original Message-----

From: Maneesha Inamdar [mailto;inamdar@jncasr.ac.in]

Sent: Friday, June 04, 2010 10:39 PM

To: HESCREGISTRY (NIH/NIDCD)

Cc: admin@jncasr.ac.in; HESCREGISTRY (NIH/NIDCD)

Subject: RE: New hESC Registry Application Request #2009-ADM-010

Dear Diane Hannemann,

Thank you for your query.

The version is as submitted to NIH.
I hope this clarifies the matter.

The consent was originally written and signed in English.:] *

regards
Maneesha Inamdar

> Dear Maneesha Inamdar,

>

> During the continued review of your submission, another question was
> raised.

>

> Please let us know if the consent was originally written and signed in

> English or is the version submitted to the NIH a translated version? If
> it is a translation, please send us copies of the original consent.

>

> If you do send us the original consent, please be sure to redact any

> patient identifiers and do not include any information that you would not
> want to be made public. Note that all information submitted with regard
> to a request for approval of a human embryonic stem cell line must be

> submitted in a form so that it may be made available by NIH to the public.

> Do not submit any financial, commercial, confidential or proprietary
> information. Do not submit consent documents with the personally
> indentifying information/names of donor(s) of the embryos (the

> individual(s) who sought reproductive treatment).

>

> Sincerely,

> -Diane Hannemann

>

>

> Diane E. Hannemann, Ph.D.

> Office of Science Policy Analysis

> Office of the Director



From: n In

To: HESCREGISTRY (NIH/NIDCD)

Cc: admin@ijncasr.ac.in; HESCREGISTRY (NIH/NIDCD)

Subject: RE: New hESC Registry Application Request #2009-ADM-010
Date: Wednesday, June 30, 2010 12:05:50 PM

Dear Ellen Gadbois,

Thank you for your enquiry regarding our derived human
ES cell lines. -—
It will not be possible to provide signed copies of the
consent form. I assure you that the signed consent was
reviewed by appropriate officials at the IVF clinic (by a *
certified counsellor, and also by the leader of the IVF team)

and verified that the donors of the embryos from which these lines
were derived signed this particular form.,

regards
Maneesha Inamdar

> Hello Maneesha Inamdar,

>

> The NIH Working Group for Human Embryonic Stem Cell Eligibility Review has
> begun its consideration of this submission under Section IIB of the NIH

> Guidelines for Human Stem Cell Research.

> .

> The Working Group has asked if you could provide further evidence that the
> copy of the consent form provided is the actual text signed by the donors.
> This could be accomplished by providing signed consents (with patient

> names redacted). If this is not possible, please provide an assurance that
> an appropriate official at the IVF clinic has reviewed the signed consent

> forms and verified that the donors of the embryos from which these lines
> were derived signed this particular form.

>

> Please let us know if you have any questions about this request. Thank you
> again for your ongoing efforts on this submission.

>

> Sincerely,

> Ellen Gadbois

>

>

> Ellen L. Gadbois, Ph.D.

> Office of Science Policy Analysis

> Bldg 1 Room 218D

> National Institutes of Health

> voice: 301-594-2567

> fax: 301-402-0280

>

>

> - Original Message----- )

> From: HESCREGISTRY (NIH/NIDCD)

> Sent: Tuesday, June 08, 2010 12:02 PM

> To: 'Maneesha Inamdar'; HESCREGISTRY (NIH/NIDCD)

> Cc: admin@jncasr.ac.in; HESCREGISTRY (NIH/NIDCD)

> Subject: RE: New hESC Registry Application Request #2009-ADM-010





