in the contents of the databases and in the services offered
are being introduced.

Here, we outline some details of the BioResourceWorld
(BRW) integrated database and several representative
component databases. All the information described is
available at http://www.nbrp.jp/.

NBRP Information Site is a gateway to access all the
information of NBRP. The menu on the left-hand side
beneath the heading ‘Resource Center’ provides links to
all 30 individual databases, and gives the user direct
access to the appropriate database for the organism of
interest. The text box "Keyword® near the upper center of
the page is a query box for entering keyword searches of
the BRW integrated database. Users can access the home
page of BRW directly by clicking on ‘Resource Integrated
Search Site’ in the menu bar near the top of the page. This
menu bar also provides links to other pages: "Journal’
provides a link to the Research Resource Circulation
(RRC) Web site for browsing and submission of papers
reporting research using resources obtained through
NBRP: ‘Japan Genetic Resources’ provides a link to a
list of URLs for resources in Japan. but outside the
NBRP group; and ‘Worldwide Genetic Resources’
provides a link to a list of URLs for bioresources world-
wide. The total number of records currently available in
the database for all bioresources and the subtotals for three
individual classifications (animals, plants and microbes)
are shown in the turquoise-colored box near the top left
of the page.

NBRP DATABASES

An integrated NBRP database retrieval system:
BioResourceWorld

BRW 'is an’ integrated database retrieval system that
allows users to tetrieve resources by using the body of
information held by NBRP on a number of organisms.
All' the resources (~4.5million items) are available: for
distribution, Keyword searching of BRW is directly avail-
able from the: NBRP home page. A user performing
asearch  can specify an  organism. and: a resource
category. from pull-down menus. (The default values are
‘All organisms™ and “All categories’.) When a user enters
keywords and performs a search with the default settings,
the total number of results is shown together with a break-
down of the number of strains and the number of DNA
clones.: This is followed. by the list of resources broken
down' by organism. By clicking on a desired resource on
the list. the user can access a detailed information page
that provides links to the distribution-request site for each
database (where this exists).

The BRW. home page, which is linked from' the top
menu bar of the NBRP home page, contains the search
functions described: above and. four tabs (ALL, DNA.
BLAST and Gene Ontology). These four tabs provide;
respectively, - a “summary: display of - all resources by
organism groups, a summary display of DNA clones by
organism groups, a BLAST search and a Gene Ontology
(GO) search.

Nucleic Acids Research, 2010, Vol. 38, Database issue D27

The BLAST search allows the user to search all
organism groups and also to specify particular organisms
or categories, such as genomic clones, cDNA clones, or
libraries. The search results are shown as diagrams of
alignments in which abbreviations of names of organisms
or groups of organisins appear in a color-coded manner
on the left-hand side of the diagram to help users recog-
nize particular organisms. Individual sequences in hits
have links to NCBI (1), DDBJ (2) and BRW. which
gives the user access to the web sites from which the
appropriate resources can be ordered.

The latest service of BRW is a search of resources on
the basis of GO. The user can examine the hierarchical
structure of a GO term and query it by using GO ID, GO
term, or GO Gene. For example, if a user enters *0000038"
(or ‘very-long-chain fatty acid metabolic process’) into
the GO-ID (or GO Term), a resource list containing
‘mouse (5/5), drosophila (2/4), arabidopsis (10/10)" is
shown. The numbers in parenthesis indicate the number
of resources associated with this GO-ID (left) and its
descendants (right). Thus this service allows users a
more semantic search and provides them with a wider
range of resources.

The GO search is currently at a testing stage. because
not all resources contain GO information. The total
number of resources mapped to a GO Term is displayed.
and a list of relevant resources can be obtained by clicking
the figures. Like other search modes. the GO allows the
ordering of resources from search results. We plan to
enhance the search of resources across organism-by the
addition . of . supporting bio-ontology = data. such as
phenotype, anatomy and development.

The. information - contained - in.’ BRW. is  updated
concurrently with that in the individual databases.

Resource research circulation

If a researcher obtains good results with NBRP resources.
such a result may be useful for later researchers who use
the same resources. We therefore ask researchers to feed
back information on papers that report the results of their
studies, and we also collect other papers in which NBRP
resources are used. This information is used to create an
opendatabase (RRC) of papers related to the NBRP
resources,. RRC "also ‘provides an “online  registration
system: through which: a paper can be submitted merely
by entering. its PubMed identification number and ' the
name of the resource used in:the paper. We have asked
many researchers to use this system to:feed back on the
papers that they. have published. It would be ideal for
experimental researchers if, as in the case of the accession
numbers of the DNA Data Bank. we could establish-a
system in which detailed information on the bioresources
described in: ‘Materials and Methods’ sections of papers
could be obtained from public databases and, further-
more, the materials themselves could be easily acquired:

The NBRP databases

Table I shows the names and features of the NBRP com-
ponent  databases, organized by organism group. As
shown in Table 1, the NBRP resource collection covers
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a wide range of taxa with indications of the presence or
absence of the following collections: (i) naturally mated
lines (including wild species, cultivated species, inbred
lines and spontaneous mutants); (i) genetically engineered
organisms (including induced mutants, transgenic strains,
transposon-inserted strains, deletion strains, consomic
lines, genome-wide knockout strains, and enhancer trap
lines); and (iii) DNA (plasmids, vectors and genomic/
cDNA clones). The numbers of records of resources
vary according to the group of organisms, and the
resources in classification (3) account for 95% of the
total. The External DB column in Table 1 indicates
databases that have one-way links or cross links to
external comprehensive databases for the model organ-
tsms. The Collaborating DB inside the parenthesis
indicates an external database with which the NBRP
database collaborates.

Types and names (identifiers) of the resources, and dis-
tribution/deposition methods (such as MTA) are essential
information for all resources. For DNA clones, the acces-
sion numbers in the DNA Data Bank, together with
homologous sequences, are the items of information
common to all organism groups. NBRP also includes
some activities in which the distribution of resources
requires a prescribed review procedure (such as the
Human ES-cells and Macaque). Activities where resources
cannot be obtained by proliferation, but require non-
invasive sampling or sampling from dead animals, are
provided only for research that meets prescribed standards
[such as the Great Ape Information Network (GAIN)].
The Global Biodiversity Information Facility (GBIF;
http://www.gbif.org/) is an activity that forms the
Japanese node of an international project that is
involved in collecting and creating a database on
specimens and observation data held in museums.
Information from the GBIF and resources from the
GAIN and Macaque - databases are generally not
distributed, so that they are not included in BRW.

As illustrative examples of the features described above,
the databases. for rice, Escherichia coli, Caenorhabditi
elegans and the rat are described in more detail below,
and’ some details of the RIKEN BioResource Center
databases are also given.

NBRP-rice. (Oryzabase} (25). Oryzabase, a comprehen-
sive database that is currently used by many researchers,
succeeded the Database of Resources and: Trait: Genes,
which was launched in 1995, Genomic information has
been added to the database on resources and. genes so
that it has become comprehensive and now functions as
the NBRP database. The characteristic wild-rice collection
consists of three different core collections. Core collection
Rank' I relates to' 18 species from nine genomes and
contains detailed phenotype data and many photographs.
The collection: of unique mutant strains includes strains
for which trait genes have been identified; as well as
strains: that have phenotypes for which the responsible
genes-are not known: The former set: of strains can be
retrieved on the basis of genetic information, and the
latter set of strains can be retrieved on the basis of the

phenotype. The data on both sets of strains include
photographs.

We constantly update the dictionary of trait genes with
data extracted from published papers, and we have also
been promoting the establishment of correspondences
between trait genes and the accession numbers of DNA
sequences, ORF numbers of genome projects and displays
of chromosomes by using physical maps. Oryzabase also
provides access to a Web site for online submission of new
rice genes, which is based on the Gene Nomenclature
System for Rice as determined by the Committee on
Gene Symbolization, Nomenclature and Linkage of the
Rice Genetics Cooperative (CGSNL) (26). Users can
give feedback on an individual gene through the detailed
pages for that gene.

Basic information on rice, including the definitions of
the tissue-specific developmental stages (such as embryo,
inflorescence, leaf, root, anther, ovule, pollen mother
cell, stoma or vascular bundle) and information on
tissue-specific or developmental stage-specific gene expres-
sion are also available through this web site.

A version of Textpresso, a text-mining system for
scientific papers developed by the Generic Model
Organism Database and adapted for use with rice, has
been constructed and is available through Oryzabase.
It provides access to a total of ~20000 rice-related
papers (abstracts and titles) in PubMed, and is linked
from the home page of Textpresso.

Oryzabase has links to two external databases:
Gramene and IRRI. Genetic information is linked to the
former database, and wild-strain information is linked to
the latter. Oryzabase also allows BLAST searches to be
made through all genomes or by chromosomes, provides
a tool for extracting the specified region of genome
sequences, and can provide downloadable text files of
almost all information.

NBRP-E. coli. Of all the organisms in the NBRP collec-
tion; E. coli was the first to have its genome sequence
determined. A feature of NBRP-E. coli is its genome-
wide genetically ‘engineered  strain collections. At the
web: site of NBRP-E. coli (http://www.shigen.nig.ac
jpfecolifstrain/), users can browse outlinés and lists: of
collections- and' search full data or perform queries by
specifying details. Although online requests are available,
these often take time because of the complexity of the
MTA process. For the convenience of users, a tracking
system has' been introduced that allows: users to check
the progress: of their requests in real time.

The information center maintains profiling of E. coli
chromosomes (PEC); an information: site of a project on
essential E. coli genes (27). Through PEC, the information
center has made genome maps: and genetic information
available." The . resource: ~information ~ contained . in
NBRP-E. coli is cross linked with PEC to:permit access
to resources through the maps. For example, by clicking
the deletion regions of extensive deletion mutants, or by
clicking the gene parts of mutants mutated by gene units,
the user can access detailed pages that are linked to
request pages for the resources. PEC has many links to
external databases; including NCBI, UniProtKB, COG,

0102 2 Repy uo (NIMIM)UDIeasay feoiusay) pue [edisAyd jo aynnsy| je B0 sjeuinofploxo e/ diy woly papeojumod



D29

Nucleic Acids Research, 2010, Vol. 38, Database issue

Downloaded from http://nar.oxfordjournals.org at institute of Physical and Chemical Research(RIKEN) on May 7, 2010

2043 onpousfojlyd
‘ydeiSooyd

anfofeied ouod

ejep adLrouoyd

ofms
feiuowdofaop

own pouad wade|

qo1y
anouddojAyd ‘sepre

nep
adfyouoyd oyy jo
Keydsip rowydesd

[prlosgaoug
Teclooad [wdoLd
Tichoagssimg (114N

021000 *lo1]Ao00g
‘[s1ipuanyeng {£1]Ddd

[91]osegiorp
[slaqgaud {F1lans

(erlasvan
*jwoyey/dliotesnzey
gid mmm/dyygiwogyey)

([zrloseqmpp

VNQ? YIRudf-fnd
ueagAog [ {Jdlesnfoyrkiw)

(orlaqatduL)

juny-odndivoa g
owoedpp ouoH/dyd xoput
[Rr0mareiag; ding
1941 Cfehuswrin
[8Josequutop

[£Joseg 14
(/mou;dlro1q
oxdw; - dng0ad1d [911s0uD)

[sINtdZ

aswi) rlany
(jaswl/osnow/dConfiu
uadiys mam/ AN ST
asw Eiow

< Z Z<

=

W

d

BLINORY

fozoyoad puv eLdorg

RG-SNMONUIYRIINSRY

rLNIRQOIOId-RLINORY

9150 K151P-R0ZOTODA N

ADRISUGRY RV |
(ruapang

pur ofaeynd) ejlyd iy

uootsiodonky
sapeugjos-oeyunjd(Puix

SrasRB-sog Ry
swddowodi
-sopeurjosonupdIpuip
unioyyuesKayo
ssprsise-oruRidipin
dopiqeay
“SO[UISSRIQ-OMUB[IPIITA

srasnL-owdorod-oriunjdipli
wrsproy

SOV LIoRddROd-drTuRdIPLIA

seozho-sudovod-smuedipuia
CPOIRWIU-REWO030PNS]
xhgquog-riidomds
“ejodsul-epodoyiiy
sepigdososp
seadipsepdssuicepodoayiry

BUOI-BIIRIPIISY
S11zK10-85ULI0J1B010g
“NRKIdounoH-RIRIGOLID A
O PSoLLIOJULIIAY
SFAsdounaue-einigaion

eiqydLuR-R eIQoNdA

SR RE-DRULIM WI-RIT R E N

Snw-oRuLInW
T RUWURU-RRIGIOA
MR- BRI BT RIGOIISA

(NDf DY
uaYIrY) saqordm
[er3uay- YN
sagoriu
Siusfoyied-dYaN
suugns g
ORI 0TI N

oo g
SR OId-IYAN
prour swiys
TR~ d YN
ISBOAdUEN

DU -d YN

PO Ld YN
{osegawnio)
liTkIST)
SIOT-ddIN
L1018
SUIIOW-dHAN
HMU DAYy
“d¥gN
(>yg uoyry)
sisdoprgvay ~3agN
(IDNWOM)
UMY EN

Kopieg-d 4 aN

(osuqrzAIO)
OO -d YN
SunaN - JYEN

(oseguiiomypg)
WIOMYIS-dYEN

(O¥OQ)
PGdosord-dYaN

BUOL-dHAN
EYPPON-dUEN
indoure AN
WH-dUEN
(ug uyry)

BNON-d 48N
onbesPA~dUEN

81

L1
91
Si

14

L1
01

SODIAJOS
/$1U2U0 poINIEo

[oouaioporligq
Juneioqe)jod)

qq ruLIxg

(soud8
|[e/sousd
pargini) ous)

(a8myur Jo
[RotsAud)
den

uoxey

Swreu psEqRIRg

sasequiep dUAN YL 12qeL




D30  Nucleic Acids Research, 2010, Vol. 38, Database issue

EcoCyc. GTOP, EcoGene and KEGG. We also perform
similarity searches on gene sequences to add domain infor-
mation from Pfam and PROSITE. In addition, PEC
provides BLAST search through two different strains,
MG1655 and W3110; all ORF, and essential genes. The
tool for specifying the desired fragments of genome
sequences is also available. Almost all the information in
the database can be downloaded in the form of text files.

NBRP-C. elegans. NBRP-C. elegans (http://www.shigen
.nig.ac. jp/c.elegans/) is a smaller database than the two
databases discussed above. Each record consists only of
the allele of the deletion strain. a systematic identification
tag for the gene (the CGC name), information on the
position of the gene on the chromosome, information on
the positions of deletion regions, and primer information.
However, the CGC name, allele and sequence are cross
linked to the corresponding page of WormBase, a
comprehensive database on C. c¢legans, providing an
easy access to that database. In the case of this resource,
requested mutants are isolated from the pool after the
request. Users can check on the state of progress of
isolation online. Mutants that have been isolated once
will be listed as available mutants (isolated), so that
other users can request the same mutants. NBRP-C.
elegans is unique in that information on researchers who
have received mutants from this project is made public
online. Because almost all papers in which the resources
are used contain the names of these resources, and the
information is fed back from: paper-registration sites, the
C. elegans database automatically reflects information in
the RRC. This is a model case of good circulation between
resources and researches:

NBRP-rat. Because the - database of : rat resources
(http://www.anim.med . kyoto-u.ac.jp/NBR/) contains sub-
stantial characterization data from individual resources
and ‘has many tools for browsing: this data, it is efficient
in allowing researchers to find the resources best suited to
their research from-a range of trait information.” For
example. the top page displays a pie chart that shows a
breakdown of the research fields in which the resources are
used, and by clicking a research field of interest, the user
can obtain-a list of resources related: to: that particular
research field. - Another: example, - ‘Phenome Project’
provides : 109 items-. of : physiological, . behavioral - and
anatomical phenome data in.: nine tablés and in strain-
distribution maps with the two items selected by the user
as the abscissa: and ‘ordinate axes. Users can’ access
detailed pages for strains by clicking data points in the
maps.. ‘Genome’: provides access” to polymorphism: data
for 357 'simple sequence-length. polymorphism (SSLP)
markers, obtained from investigations on more: than. 150
strains. A phylogenetic - tree, ' constructed - from
polymorphism - data. is. also available, through which
users can access detailed pages on resources.

Besides . characterization ' data;, “the. database  also
contains detailed pages on resources; including the preser-
vation status, genetic status, research category, origin,
genotype, references. and a- link: to the Rat Genome
Database (RGD).  Recent enhancements include a' BAC

browser for F344 and LE BAC end sequences, and the
addition of functional polymorphism data obtained by
comparing 16 disease-associated gene mutations among
multiple strains. The ENU-induced mutant archive (28)
is also provided at this site.

NBRP-RIKEN BRC

The RIKEN BioResource Center (BRC) was established
in 2001 with the aim of becoming the finest core
bioresource facility in the world. Since then, it has been
engaged in collecting bioresources developed mainly by
Japanese scientists. These bioresources include living
strains of mice and Arabidopsis, human and animal cells,
DNA materials and various microbes for which the
RIKEN BRC has been designated the national core
facility by the NBRP. The RIKEN BRC preserves these
bioresources under conditions of strict quality control for
provision to the scientific community. The RIKEN BRC
also collects information on the whereabouts and
characteristics of the bioresources, constructs databases,
and. offers the bioresource information to the research
community within and outside Japan.

The Animal Search System (http://www?2 brc.riken
Jp/lab/animal/search.php) allows keyword searches to be
performed on >2000 strains of mice available from the
RIKEN BRC, including transgenic, knockout, inbred.
wild-derived, ENU mutant and congenic strains. The
system also provides detailed information on each strain,
such as_ the strain name. description, gene  details,
references, availability status, health report, depositor,
specific. terms. and = conditions for distribution, and
image(s), which capture the characteristics of the strain.
Some. gene symbols have links to the Mouse Genome
Informatics:- (MGI) ‘database. which leads. to further
detailed information on the particular gene. As well as
being publicly available, the up-to-date information on
mice is.also sent. to: the International - Mouse Strain
Resource (IMSR; http://www.findmice.org/) database, to
which  the RIKEN BRC is a contributing . repository.
The RIKEN BRC. Mouse Phenome Database (RMPD)
thttp://www.brc.riken.jp/rmpd/mouse: phenome_ top
html): contains phenotypic - data- on  the  physiology.
biochemistry, - hematology and. morphology  of inbred,
mutant, wild-derived and- recombinant inbred strains’of
mice, and enables biomedical researchers to find appropri-
ate strains for their researches;

The - Arabidopsis- transposon . tagged - lines = can. . be
searched " in. a  web-based  catalogue . (hitp://www.brc
riken.jp/lab/epd/catalog/transposon.html), where  infor-
mation on insert positions of transposons and adjacent
genes can be. obtained for more: than' 15000 lines. The
SENDAI Arabidopsis Seed - Stock - Center  (SASSC)
database (http://www.bre.riken.jp/lab/epd/SASSC/)
provides: information’ on" its: collection (wild  type ‘and
mutant), such’ as strain name, region of collection and
phenotypic remarks. The RIKEN Arabidopsis full-length
cDNA (RAFL) clone : database  (http://www.br¢.riken
.jp/lab/epd/catalog/cdnaclone.html) contains more: than
2500007 clones and the users: can retrieve clones by
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NCBI accession number, AGI code, clone name
or sequence homology. The Systematic Consolidation
of  Arabidopsis and other Botanical REsources
(SABRE) database (http://saber.epd.brc.riken. jp/sabre/
SABREO0101.cgi) offers searches of BRC plant DNA
resources across the species that it contains.

The database of human and animal cells (http://www2
.bre.riken.jp/lab/cell/search.php) has its origins in the
database of the RIKEN Cell Bank, which began collecting
and distributing cell resources in 1987. Starting from a
stand-alone database for internal use, it has been trans-
formed to allow searching of cell resources and the provi-
sion of the associated information through the Internet.
Because the Cell Bank began its activity as a division of
the BRC, its stock list has grown with the addition of
various new kinds of cell resources, such as Epstein—
Barr virus-transformed B cell lines, human somatic stem
cells, embryonic stem cell lines and induced pluripotent
stem cell lines. The function of the database has accord-
ingly been enhanced to allow the presentation of other
items of information that differ from resource to
resource. The information available therefore depends
on the resource; for example, information on the origin,
morphology, culture conditions, restrictions on distribu-
tion, results of short tandem repeat analyses, images, elc.
can be obtained for a conventional cell line resources.

Before the BRC was established, DNA materials were
collected ‘and distributed as an’ activity of the RIKEN
DNA Bank. A keyword search system (http://www.brc
riken.jp/lab/dna/searchfindex:html) " is available = for
DNA clones, vectors and . recombinant adenoviruses.
Resources are retrieved by plasmid name, by gene name
or “symbol, or by accession number. In the Geneset
Bank . ‘database - (http://www.brc.riken.jp/lab/dna/en/
GENESETBANK /indéx.html), more than 20 illustrations
for principal gene pathways are implemented, and DNA
materials can. be easily found “according to- the gene
pathways to which they belong.

The microbial  resource collection in - RIKEN  was
founded in 1980 as the Japan Collection of : Micro-
organisms (JCM), and the construction of a database for
the collection began at 'its. inception: The Web-based
online “catalog database  (http://www.jem.riken.jp/JCM/
catalogue shtml) was launched in 1995, and it has since
been improved and updated. It now provides access to
information on more than 11000 available strains, which
are searchable by their accession number, scientific name
and: keywords on strain data. It is also possible to search
for  JCM 'strains that. are ‘equivalent to those inother
culture collections. The database contains various. useful
items of information about strains, such as culture media
and conditions, history (including isolation source), taxo-
nomic - data and- references.. The.  DNA' sequence: data.
critical for:the phylogeny and the genome data. are
linked to the DDBIJ database for each strain:

Future directions

We will continue to improve the content ‘of individual
databases’ and: upgrade ‘the functions. available at the
integrated - database-retrieval - site. ‘We: also - hope to
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expand external access to the databases and expand col-
laboration with other databases to permit access to our
resources by a wider range of users. In particular, we will
examine a new possibility for interconnecting reference
data and resource databases with the aim of construction
a virtual international network.
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Abstract

Stem cell biology started with the analysis of somatic ste
maintain the adult body. We now know that t
regeneration of a wide range of cell t .such kin cells, blood cells and
gastrointestinal mucous cells, from stem cells. This regenerative activity
is essential for survival. Regenerdtive medicine was initiated to identify
therapies that support and/or “this natural regenerative ability. For
example, bone marrow transplanta on"is a therapy for reconstituting
hematopoiesis from the hematopoietic-stem cells present in the donor bone
marrow. The successful development of a protocol for obtaining human
embryonic stem (ES) cells prompted medical scientists to utilize human ES cells
for regenerative medicine. However, use of these cells raises ethical issues as
they are derived from hu embryos. An alternative approach using ES-like
pluripotent stem ce has the considerable advantage that it does not
necessitate use of Human embryos. Pluripotent stem cells can be induced from
terminally differentiated somatic cells by the introduction of only four defined
factors. The products of this method are termed “induced pluripotent stem
(iPS)" cells. iPS cells have considerable promise as a substitute for ES cells not
only for regenerative medicine but also in many other fields. For example, liver
and heart cells derived from iPS cells can be used in pharmaceutical research. In
addition, iPS cell technology opens new avenues of disease research, for
example, by construction of so-called “disease-specific iPS cells” from a
patient's somatic cells.

ells that function to
body is maintained by

Key words; ES cells, iPS cells, Regenerative medicine, Disease specific iPS cells
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Prologue

The development of technologies such as
PCR and gene knock-out that enable the
manipulation of an organism'’s genetic material
contributed tremendously to progress in the
life sciences in the final decades of the last
century. This century looks to continue this
progress through the development of further
new technologies such as that described here,
the production and manipulation of induced
pluripotent stem (iPS) cells.

Discovery of plasticity in terminally
differentiated cells

It was believed for a long time that epigenetic
modifications in differentiated somatic cells
were irreversible. This meant that terminally
differentiated cells: could never return to
being immature cells. However, in 1962 it was
reported that the nuclei of somatic cells of an
amphibian  (frog) were reprogrammed
following transfer into enucleated unfertili

eggs'. Following transfer of a somati¢” cell.
nucleus; the egg could undergo cell:division -

study, received the Albert
Medical Research Award in 200

bél

Initially, - many . biologis ieved  that  this
reversibility: of ' “epigeh modifications: in
terminally - differentiated cells was ' restricted
to amphibian somatic cells and did not occur
in - mammalian  somatic: cells: However, in
1997, a nuclear transfer experiment in sheep
in which somatic nuclei were transferred into
unfertilized . eggs = showed = that = epigenetic
modifications ' in - terminally. . differentiated
mammalian. - somatic.. cells . were = also
reversible?. . This.  experiment. famously
resulted in the birth of the first live cloned
sheep, named ‘Dolly”.
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Immortalization of embryonic stem

cells

The methodology for isolating and culturing
mouse embryonic stem (ES) cells was first
developed in 19813 and has aided research in
a wide range of biological studies. Dr. Martin
Evans, who developed the technology for
establishing mouse ES cell lines, was awarded
a Nobel Prize in 2007 together with Dr.
Mario Capecchi and Dr. Oliver Smithies, who
developed homologous recombination
technology in mouse ES cells. As a result of
these technical advances, functional analysis of
genes has progressed considerably using mice
with gene knock-outs'. or other genetic
modifications.

It is well knownthat mouse cells can be

immortalized :simply by continuous in vitro

xample, using the so-called “3T3
One widely exploited example of

‘an,, immortalized cell line is NIH3T3, which

inues to be used in a wide range of
riments. In contrast, it is not possible to

.immortalize. human somatic cells in a similar

manner and - this difficulty gave rise to the
widespread assumption. that it would not be
possible to. establish human: ES: cell lines.
However, .in 1998, 17 years after the first
establishment of ‘mouse ES cell lines, it was
reported that human ES cell lines. could also
be produced by continuous in vitro culture?.

Therapeutic cloning

The ability: to reprogram: mammalian’ somatic
cells:: by nuclear: transfer -and  to establish
human - ES - cell ' lines  stimulated:: medical
scientists to.investigate the creation: of ES cell
lines::using nuclear transfer as. a. potential
means of -achieving "therapeutic cloning”. If
this  technology ' could  be established ‘as a
viable: therapy, -then . patients who  would
benefit - from somatic = cell " transplantation
could. be- treated: with nuclear-transferred ES
cells produced: using their own somatic. cells,
which would avoid the possibility of transplant
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rejection as the cells possess the same major
histocompatibility (MHC) antigens as host
tissue.

Although an earlier report of successful
therapeutic cloning by a group in Korea
proved false, it was recently reported that
primate ES cell lines have been established by
nuclear  transfer technology®. Since
unfertilized primate eggs are much more
fragile than those of rodents, it may still take
some time to establish the technology for use
in human therapeutic cloning. However, the
prospect of using such therapy no longer
seems to be so distant.

A search for alternative technologies to
therapeutic cloning

to the use of
that it requires

limitation
cloning s

An important
therapeutic

unfertilized eggs. Human eggs are very difficult

to obtain and, moreover, their use for thi
purpose also raises serious ethical issues.
these reasons, a search has been initiated
alternative methodologies that avoid:
transfer. One approach has been to :

required -~ for ~the  reprogrammin
transferred somatic nuclei. Another aven

specifically function in ES cells, ‘s
genes may maintain the undiff iated state
of ES cells and thus might be able to induce
reprogramming -~ of - ni in " terminally
differentiated somatic ¢e

The research group led by Dr, Shinya
Yamanaka reported the first success in the
latter approach. They were able to induce
differentiated mouse somatic cells to become
pluripotent stem cells by application of four
defined factorsé. The enforced expression of
the transcription factors Oct3/4, Sox2, Kif4
and c-Myc in terminally differentiated somatic
cells induced cellular reprogramming and
changed the cells into ES-like pluripotent stem
cells. These reprogrammed cells were named
“induced pluripotent stem (iPS) = cells”.
Subsequently, in the year after establishment
of ‘human iPS cell lines was" first' reported,
several other groups also succeeded with this
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methodology?-1%. Dr. Shinya Yamanaka, who
developed the method, was given the Albert
Lasker Basic Medical Research Award in 2009
together with Dr. John Gurdon.

The mechanisms underlying the
reprogramming of terminally differentiated
somatic  cells following the enforced
expression of the four factors remain to be
elucidated. It is now known that expression of
these factors after exogenous introduction is
completely suppressed in established iPS cells.
Thus, the factors seem to be required only
for the reprogramming process but not for
maintenance of pluripotency. Regardless of
the mechanisms involved, this discovery
clearly indicated that terminally differentiated
somatic cells could be r&programmed without
nuclear transfer i unfertilized eggs and

opened a new dawn for therapeutic cloning!i-
3 :

Mouse iPS cells

Phase contrast microscope

A mouse iPS cell line; iPS-MEF-Ng-20D-17, established
by Dr. Yamanaka's group,. that can- differentiate: into
germ line cells. In this cell line, GFP has been knocked-in
under control. of the: Nanog ‘promoter: and thus the
undifferentiated cells express GFP.

Progress in methods to establish iPS
cells

Although the first mouse iPS cell lines could
not differentiate into germ line cells, the next
generation of iPS cell lines was able to
undergo this differentiation process (Figure
1)!4. It has also been reported that c-Myc is
not necessary - for. establishing 'iPS ' cells,
although the efficiency of reprogramming was
reduced in its absencel5. Use of c-Myc will
probably not be necessary in future as
methodological improvements have

Yol {ssuel




continuously increased the efficiency of
cellular reprogramming!é-24,

The first method for establishing iPS cells
utilized a retroviral vector to introduce the
four factors. Since retroviral vectors integrate
into the genome, it is possible that they might
affect the function of endogenous genes and
thus it might be inappropriate to make use of
such cells in the clinic. The group of Dr.
Yamanaka developed an alternative approach
that avoided the use of retroviral vectors by
employing ordinary plasmid vectors2. Yu et dl.
also reported a method for establishing iPS
cell lines that obviated the need for vector
and transgene sequences?.

Other approaches for producing iPS cell lines
have recently been described!¢-24, One of the
most promising is that utilizing: the Sendai
virus. vector. As the Sendai virus does not

integrate into the host genome, it is possible

to create iPS cell lines that do not carry th
exogenous. reprogramming - factors?,
course, since the ‘mechanisms  involvéd in
reprogramming  somatic cells

produced “with  the Sendai virus ve
possess  identical characteristics to ES
However, it is highly likely that they wil
more. suitable for clinical applicati
cells with integration of the'exogenousigenes.

Standardization of iPS

The characteristics of' cells ‘vary among
different cell. lines. Indeed even  those of
mouse ES cell lines derived from an inbred
mouse strain show significant differences; for
example, some cell lines can differentiate into
germ line cells whereas others cannot. It is
therefore unsurprising that the characteristics
of human ES cell lines also differ among cell
lines. Additionally, the genomic backgrounds
of human ES cell lines differ among cell lines.
As ' mentioned  above, the - mechanisms - of
reprogramming are uncertain and, therefore,
standardization - of human iPS cell lines is
currently a very difficult process. It is clear
that conventional analyses, such as detection
of molecular markers of the undifferentiated
state or observation of teratoma formation in
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immunodeficient mice, are insufficient to
characterize iPS cells and that more objective
and quantitative analyses are required. Gene
expression profiling analysis and epigenetic
modification analysis are candidate methods
for characterizing iPS cell lines. Given the
diversity in human genetic backgrounds,
characterization of human iPS cell lines will
require objective and quantitative analyses of
at least a few hundred cell lines.

Needless to say, fundamental quality controls
of the cell lines are also essential. First, the
cell lines should be free of microbial
contamination. Bacterial or fungal infections
are less important as these are readily
detected. However, mycoplasmal infections
are less easy to identify without examination
of the cultures since the*majority of cell lines
will. survive thes"presence of mycoplasma.

¢ cell banks around the world?e.2,

"t Clinical grade stem cells

Cells-derived from ES or iPS cell cultures have
applications in many fields of medical science.
For example; fiver or heart cells derived from
stem cells: can- be 'used’ for pharmaceutical
drug screening. Needless to say, however, the
most " attractive application: is * for  clinical
therapies: Such’ applications require so-called
clinical “grade: ‘stem: cells. Whatare  the
characteristics of clinical grade stem cells?

There are many risks involved in"using long-
term  cultured’ cell lines in ‘the  clinic3%; The
most critical of these risks is tumorigenicity.
Since both ES and iPS cells are immortalized,
in"one sense they are very close in nature to
tumor: cells.: Indeed;  they can give rise to
teratomas when transplanted into
immunodeficient . mice. :'Although these
teratomas are not malignant
teratocarcinomas, - they = are nevertheless
tumors.
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One way to make use of stem cell-derived
cells is to induce post-mitotic cells that are
unable to proliferate. Terminally differentiated
neural and heart cells are possible candidates
for post-mitotic cells. Enucleated cells (cells
that do not possess nuclei), such as red blood
cells and platelets, are absolutely free of risk
of tumorigenicity and may therefore be close
to use for clinical applications, although
systems for mass production of such cells
need to be established prior to their
application.

Disease-specific iP$ cells

The ability to produce iPS cell lines will be
benefit both regenerative medicine and also
research into a variety of diseases3!=3%. For
example, it is currently not possible to obtain
neural cells from  patients suffering from
neural diseases. However, iPS cell lines could
be established from: their somatic cells; such
as skin fibroblasts, and neural cells could the
be derived in culture. Such iPS-derived neura
cells could' be. subjected to. a. rangé
research analyses, such as investigation
underlying mechanisms of disease or f¢
discovery for disease therapy.

causes-are unknown and therapie
been: developed. Thus, the: valy
inthe near future. Huma ncer cellsare
exceptional in that they be immortalized
simply by continuous iri*itro culture, and many
cancer  cell lines  are  currently used . for
experimental analyses. Of note, however, low
malignancy and benign tumor cells cannot be
immortalized in-a similar fashion: to normal
human. somatic cells. Therefore, . iPS: cells
derived from low. malignancy or benign: tumor
cells may also be useful for the study of such
diseases.

Establishment’ of progenitor cell lines
from iPS cells

Immortalized ‘cell lines that possess the ability
to differentiate are very valuable not only for
analyzing the mechanisms of | differentiation
but ‘also for the provision  of abundant
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differentiated and mature cells. For example,
immediate progenitor cell lines of red blood
cells have been established from mouse ES
cells®, and these cell lines can produce
mature enucleated red blood cells in vitro
(Figure 2). If similar progenitor cell lines can
be established from human ES or iPS cells,
then they may be of use for the in vitro
production of transfusable red blood cells.

Figure 2

MEDEP Cells

e
Before differantiation Atter ditferentiation
tderived “erythroid progenitor (MEDEP)

{left) and after (right) in vitro differentiation.
Wheads in the right. photograph indicate enucleated
ed blood cells.

With regard to mature cells such as liver or
heart cells, immediate progenitor cell lines for
these: cells will be invaluable. Such progenitor
cell lines could be: established using human ES
or iPS: cells in_a similar. manner ‘as for the
establishment of red blood cell progenitor cell
lines from mouse ES cells.

New insights.into cell plasticity

It is possible that the. reprogramming of
somatic cells. is incomplete, that is, that the
cells “are not fully . reprogrammed.  Such
partially reprogrammed cells might be termed
“pseudo iPS cells”. What characteristics might
distinguish such cells? As they are highly likely
to. be progenitor cells for specific somatic
cells, we might be able to obtain progenitor
cell lines = using - these “pseudo  iPS ' cells”
without ‘recourse to genuine. iPS  cells that
have = beeri: fully . reprogrammed.  In . this
context, a - highly “instructive  paper. was
published recently. Vierbuchen et al. reported
that they had succeeded in directly converting
fibroblasts into functional neurons by induced
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expression of three transcriptional factors?.
By utilizing cell plasticity, it may be feasible to
obtain various types of somatic cells without
making genuine iPS cells.

Epilogue

We now have an excellent technology for the
relatively simple production of ES-like
pluripotent stem (iPS) cells from somatic cells.
A recent report indicates that iPS cell lines
can be established even from peripheral blood
cells. Since obtaining a blood sample is a
commonplace clinical activity, development of
iPS cell lines will undoubtedly spread rapidly
through wuse of peripheral blood cells,
particularly for preparation of disease-specific
iPS cell lines.

In future, it is possible that every person will
have their own iPS cell lines, prepared when

they were still healthy, for future applications

in clinical examination and/or therapy. Is this
just science fiction? | believe not. '
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Abstract: The Cell Engineering Division of RIKEN BioResource Center is a not-for-profit
public “cell bank” that accepts donations and deposits of human and animal cell materials
developed by the life science research community. We examine, standardize, amplify,
preserve, and provide cell materials to scientists around the world. The major cell materials
used around the world have been cultured cell lines, i.e., immortalized cells. Most human
cell lines are derived from tumor cells. There is no doubt that the demand for these cell lines
will never cease in the field of biology. In addition, stem cell lines such as embryonic stem
(ES) cells and induced pluripotent stem (iPS) cells are of great value in current biology and
medical science. Thus, we are extensively collecting such stem cell lines, aiming at contributing
to the fields of developmental biology and transplantation/regenerative medicine. In addition,
the demand for primary cells has recently increased. To meet this demand, we have started
the banking of primary human cells including somatic stem cells, such as umbilical cord blood
cells and cultured mesenchymal cells. The staff of the Cell Engineering Division conduct not
only the banking of cell materials, but also research and development relating to cell materials,
such as the establishment of novel human and animal-derived cell lines and the development
of new technology to utilize cell materials.

Key words: celi bank, cell line, ES cells, iPS cells, stem cell bank

Introduction

RIKEN Cell Bank was established as a not-for-profit
public cell bank in 1987 when a committee of scientists
in Japan recognized the needs of scientists for a central
collection of human and animal cell materials. In 2001,
RIKEN BioResource Center (RIKEN BRC) was estab-
lished, and the RIKEN Cell Bank was reorganized into
the Cell Engineering Division of RIKEN BRC. In 2002,
the Cell Engineering Division of RIKEN BRC was rec-

ognized as the central archive for the collection of “hu-
man and animal cell materials” in the National BioRe-
source Project (NBRP) program, sponsored by the
Ministry of Education, Culture, Sports, Science and
Technology.

Cell Materials Available from RIKEN BRC

We possess more than two thousand immortalized cell
lines (Table 1), of which approximately 1,500 cell lines
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Table 1. Cell materials available from RIKEN
BRC

Bovine

Cat

Chimpanzee
Common Marmoset
Dog

Elephant

Hamster

Human (see Table 2)
Mink

Monkey

Mouse

Pig

Rabbit

Rat

Suncus

Tupaia

(1) Mammals

(21 Birds Avian

(3) Amphibians Frog
Newt
Salamander

(4) Fishes Mudminnow
Eel

Gold fish
Medaka
Tilapia
Zebrafish
(5) Insects Drosophila
Armyworm
Butterfly
Moth
Silkworm

(6) Others Hybridoma

are-immediately available for distribution. Approxi-
mately: half of the cell lines were derived from humans
(Table 2) and the other half of the cell lines were derived
from various animals (Table I).

Cell Materials Derived from Various Animals

We provide not only.rodent cells butalso cells derived
trom many other kinds of mammals (Table 1).-In addi-
tion to' mammalian cells, we also provide other vertebrate
cells such as bird-;, amphibian-, and fish-derived cells.
In relation to non-vertebrate cells, we provide insect cells
as well. Many kinds: of hybridoma cell lines; each of
which produces:a specific monoclonal antibody against
a certain antigen, are also available:

Table 2. Human cells available from RIKEN BRC

(1) General cells
(1-1) Cancer cell lines
(1-2) Primary cells such as fibroblasts
(2) Cells for genome research
(2-1) Healthy people
(2-1-1) Japanese
(2-1-2) Sonoda-Tajima collection: various racial and
ethnic backgrounds
(2-2) Patients
(2-2-1) Breast cancer
(2-2-2) Goto collection: Werner syndrome
(3)Stem cells
(3-1) Somatic stem cells
(3-1-1) Umbilical cord blood cells
(3-1-1-1) Nuclear cells
(3-1-1-2) Mononuclear cells
(3-1-1-3) CD34-positive cells
(3-1-2) Mesenchymal cells
(3-1-2-1) Primary mesenchymal stem cells
(3-1-2-2) Immortalized mesenchymat cell lines
(3-2) Embryonic stem (ES) cells
(3-3) Induced pluripotent stem (iPS) cells
(3-3-1) iPS cell lines derived from normal cells
(3-3-2) Disease-specific iPS cells (not available yet)

~ Mouse Embryonic Stem (ES) Cell Lines

In addition to many kinds of mouse cell lines of so-
matic cell origin, we provide many kinds of mouse em-
bryonic stem (ES) cell lines.” Not only ES cell lines de-
rived from the 129 strain but also ES cell lines derived
from C57BL/6 strain are also available. In particular, two
cell lines, B6G-2 (AES0003) [13] and BRC6 (AESQ010)
derived from C57BL/6N strain, have been confirmed to
be differentiable into germ line cells. Thus, both B6G-2
and BRC6 can be used for the establisliment of gene
knock-out mouse strains with a C57BL/6N background.

We also provide many kinds of nuclear-transferred
mouse: ES cell lines [18]. Nuclear-transferred ES cell
linesare established by reprogramming of somatic nuclei
following their transfer into enucleated oocytes.” Com-
parison of conventional ES cell lines with nuclear-trans-
ferred ES cell lines is potentially useful for studying the
mechanism of reprogramming; and such:comparisons
may also contribute to understanding the mechanism
underlying the establishment of induced pluripotent stem
(iPS) cells.
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Please refer to the following website for more infor-
mation on animal ES cell lines.
http://www.brc riken.jp/lab/cell/english/index_aes.shtml

Common Marmoset ES Cell Lines

We provide an ES cell line derived from the common
marmoset, CMES40 (AES0053) [11].
been reported that a transgenic common marmoset was

It has recently

successfully established [12]. Hence, common marmo-
set ES cell lines will be very useful in the field of trans-
lational research, since it is likely that gene-modified
common marmosets will be established using ES cell
lines.

N:(/:ell Materials for Human Genome Research

To analyze the causes of certain specific diseases at
the genomic level, many genome samples are required.
However, it is not so casy to collect many samples at a
time. Thus, the collection of many genome samples or
cell lines containing the genome is very important and
useful for researchers in the field.

We have collected two hundred Epstein-Barr virus
(EBV)-transformed B cell lines derived from healthy
Japanese people. Leukocyte antigen (HLA) haplotypes
have been determined for half of them.

We are also collecting EB V-transformed B: cell lines
derived from cancer patients. At the moment; we possess
48 EBV-transformed B- cell lines derived from breast
cancer patients in Japan.

Goto Collection

This is a collection of cells derived from patients suf-
fering from Werner: syndrome [2]. Werner syndrome is
characterized by the premature appearance of features
associated with normal aging and cancer predisposition.
Compared to progeria syndrome, another premature
disease; Werner syndrome is characterized by late onset
of symptoms.. Of note, the majority of Werner syndrome
patients in the world are Japanese. Thus, many scientists
around the world are focusing on this collection.

Sonoda-Tajima Collection

Ancestors of Amerindians migrated from the Eurasian
continent to North America continent via the Bering
Strait, and then migrated to South America continent over
10 thousand years ago. Although human geneticists have
tried to find their origin in Eurasia and to trace their mi-
gration paths with genetic methods, it has been difficult
to obtain sufficient numbers of tissues or cell samples.

Dr. Sonoda who was a professor at Kagoshima Uni-
versity in Japan and Dr. Tajima, who is currently the
director of Aichi Cancer Center Institute in Japan, spent
nearly 30 years collecting peripheral blood samples from
more than 3,500 individuals of Mongoloid minority
groups around the world, mainly individuals living in
South America (Fig. 1) [S5]. Their cell collection was
donated to the RIKEN BRC.

We are establishing EBV-transformed B cell lines
from the donated peripheral blood samples. We have
recently started a service to provide the EBV-transformed
B cell lines together with information such as age, gen-
der, tribe, and locality of the originating individual, and
also relationships between specimen individuals.

Human Somatic Stem Celis

Compared with primary cells derived from experimen-
tal animals, human primary cells are very difficult to
obtain, Current research in life sciences, however, re-
quires human primary cells, such as stem cells, particu-
larly in the fields of transplantation and regenerative
medicine. We have succeeded in establishing systems
for'providing such human primary cells etficiently.

Umbilical cord blood is a source of hematopoietic
stem cells as well as of other somatic stem cells. Human
umbilical cord blood cells are readily available, but are
usually discarded if they are not used in transplantation.
Provided that the mother of a:newborn baby: agrees to
allow the use of cord blood cells for research purposes,
the material'can be a valuable resource without the com-
plicating factor of ethical: concerns. By collaborating
with the “Japanese Cord Blood Bank Network”, we are
supplying umbilical cord blood cells to domestic re-
searchers in order to contribute to the ficlds of transplan-
tation and regenerative medicine.
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Fig. 1. Sonoda-Tajima collection. This collection contains a great number of cells derived from many
people from various areas around the world. The numbers in the figure indicate the sample numbers

collected in each area.

By collaborating with researchers in Japan who have
developed technologies for expanding human mesen-
chymal stem cells in vitro very efficiently [4, 17], we are
supplying human mesenchymal stem cells to domestic
rescarchers. Mesenchymal stem cells can differentiate
to bone, cartilage, muscle, tendon, cardiomyocytes, and
so on. Thus. mesenchymal stem cells are very attractive
and promising materials in the field of regenerative
medicine.

Human ES Celis

In April 2008, the Ministry of Education, Culture,
Sports, Science and Technology of Japan approved the
collection and distribution of human ES cell lines by
RIKEN BRC. Human ES cell lines are very useful cell
materials in many fields of biology such as developmen-
tal biology, regenerative medicine, and drug discovery.
We have accepted the deposit of three human ES cell
lines established at Kyoto University (KhES-1, KhES-2,
KhES-3) [15]. From March 2009 we have been distrib-
uting KhES-1 and we anticipate distributing the other
two human ES cell lines in the near future.

Induced Pluripotent Stem Cells

Dr. Yamanaka of Kyoto University (Japan) has devel-
oped a breakthrough technique in the field of biology.
He has enabled the induction of pluripotent stem cells
(iPS cells) from somatic cells by using four defined fac-
tors. We have accepted the deposit of several iPS cell
lines from Dr. Yamanaka: a mouse cell line established
with four factors (Oct3/4, Sox2, KIf4, and ¢-myc in ret-
rovirus vector) (Fig. 2) [8], a mouse cell line established
with three factors (Oct3/4, Sox2, and Klf4 in retrovirus
vector) [7], two mouse cell lines established with four
factors (Oct3/4, Sox2, Klf4, and c-myc in plasmid vec-
tor) [9], a human cell line established with four factors
(Oct3/4, Sox2, Kif4, and c-myc in retrovirus vector) [ 16],
and a human cell line established with three factors
(Oct3/4, Sox2, and Klf4 in retrovirus vector) [7]. We
are currently providing all these iPS cell lines.

In the near future, the total number of iPS cell lines
derived from patients (disease-specific iPS cells) will
tremendously increase [10]. Accordingly, we plan to
add them to our collection and provide such disease-
specific iPS cell lines as well.
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Mouse iPS cells

Phase contrast microscope

Fluorescence microscope

Fig. 2. Mouse iPS cells deposited by Dr. Yamanaka. GFP gene is knocked-in under Nanog pro-
moter. and thus, the expression of GFP can be detected in undifferentiated cells.

Quality Control of Cell Lines

Misidentification of cell lines can result in the gen-
eration of erroneous scientific data [1, 14]. Hence, it is
very important to eliminate cell lines whose origins dif-
fer from those claimed. Interspecies contamination can
be detected by various established methods, such as
karyotype and isozyme analyses. However, it has been
impossible to detect intra-species cross-contamination
in the absence of a technology tor detecting differences
between cell lines at the molecular level. Recently, the
profiling of short tandem repeat (STR) polymorphisms
(STR profiling) has been established as a method of
analyzing gene polymorphism [6, 19]. STR profiling is
a simple and reliable method of identifying individual
human cell lines. All human cell lines that are currently
distributed from our division have been analyzed by STR
profiling to authenticate their identity. We found through
such analysis that nearly 10% of the deposited cell lines
had been misidentified. STR profiling is a useful and
powerful method of eliminating cell lines that have been
misidentified as a result of cross-contamination or other
causes, and STR profiling of human cell lines is rou-
tinely performed in major cell banks around the world.
If researchers would use only the cell lines that have
been tested by STR profiling in cell banks, misidentifica-
tion of human cell lines would be eradicated.

In relation to the cell lines derived from mice, we are

performing simple sequence length polymorphism
(SSLP) analysis, an analysis quite similar to STR profil-
ing on human cell lines, to confirm mouse strain origins.
Similar to human cell lines, nearly 10% of the deposited
mouse cell lines were found to have been misidentified
by SSLP analysis.

We have established a quality management system
(QMS), and we are continuously performing all works
in our laboratory according to this QMS. In July 2007
our QMS was accredited by ISO 9001, and the accredi-
tation has been maintained (Fig. 3).

Ethical Matters Relating to Human Cell
Materials

The cell banking of human cells requires strict obser-
vation of ethical codes. We only accept human cell
donations that are approved by the Institutional Review
Board (IRB) at RIKEN Tsukuba Institute. Furthermore,
RIKEN BRC contracts a Material Transfer Agreement
(MTA) with the organization that deposits or donates
human cells at RIKEN BRC. In the MTA, RIKEN BRC
receives an assurance from the depositor that the human
cell resources were obtained with appropriate informed
consent. An approval by the IRB of the organization
that deposits or donates human cells to RIKEN BRC is
also necessary. When RIKEN BRC distributes human
cells to users, we always contract a MTA with them. As
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Fig. 3. Accreditation by ISO 9001. All works in RIKEN Cell Bank are performed according to a quality
management system (QMS). The QMS has been accredited by 1SO 9001.

Before diffei’enﬁation

MEDEP-E14 Cells

Affer aif%erentiatién '

Fig. 4.. An erythroid cell line established from mouse ES cells (E14): MEDEP-E14. After induc-
tion of differentiation: enucleated red blood cells can be detected. Red arrows indicate

enticleated red blood cells.

for certain human cells, such as umbilical cord blood
and mesenchymal stem cells; approval by the IRB of the
user organization is also required.

Research and Development

Human and animal cell lines: with. multipotency or
tissue-specific features are very useful for developmen-
tal biology and basic research in regenerative medicine.
We are trying to establish such.cell lines by various ap-
proaches. First, the identification and purification of
tissue-specific somatic stem cells may lead to the estab-
lishment of such cell lines by immortalizing such so-
matic stem cells. Second, the induction of the differen-
tiation of ES or iPS cells may lead to the establishment
of such cell lines. In fact, we have recently succeeded
in establishing erythroid cell lines from mouse ES cells

(Fig. 4) [3]. We are investigating these possibilities us-
ing both human and animal cell materials.

All kinds of cells are affected by many factors, ie.,
extracellular and intracellular factors; both in vivo and
in vitro. Analyses of the functions of these factors are
essential for improving cell culture and cell manipula-
tion. The search for novel factors is also one of the most
important research interests in this field.

General Information of RIKEN Cell Bank

In recent years, more than four thousand ampoules
have been distributed annually, mostly to not-for-profit
organizations (80%) and approximately 10% overseas.
We will continue to accept deposits and donations of
cultured human and animal cell lines and expand the
collection, since the significance of the cell lines in the



