analysis on genomic DNAs from the B-LCLs. The variable region of the Ig heavy chain
is encoded by 3 gene clusters: approximately 40 functional variable (V) genes, 6
functional joining (J) genes and 25 functional diversity (D) genes. At the later stages of
B lymphocyte differentiation, this region undergoes genomic rearrangements such that
only one randomly selected gene from each gene cluster is connected to form the
mature V(D)J variable gene, and the remaining "left over" genes are removed from the
genome (summarized in OMIM #147070, http://www.ncbi.nlm.nih.gov/omim/). The
PCR analysis identified V(D)J recombination in all B-LCLs (Figure 8). Both the results
of the array CGH analysis and the PCR analysis were consistent with a previous report
that many B-LCLs secrete Ig into the culture medium (Rosen et al., 1977). Since six of
the lines showed a single PCR product, these lines were each presumed to consist of a
single B cell clone. However, the other cell lines showed two or more PCR products

indicating that they consisted of two or more B cell clones.

DISCUSSION
Long-term cell culture lines, such as immortalized cancer cell lines, generally possess
abnormal karyotypes. However, some cell lines tend to retain a normal karyotype. It is

well known that B-LCLs and pluripotent stem cell lines, such as embryonic stem (ES)
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cells and induced pluripotent stem (iPS) cells, show this behavior. Due to this
characteristic, B-LCLs have been used in many projects, such as the International
Histocompatibility Working Group (http://www.ihwg.org/cellbank/cell_lines/blcl.html),
International HapMap Project (http://hapmap.ncbi.nlm.nih.gov/) and Human Genome
Diversity Project (http://www.cephb.fr/en/hgdp/table.php). High throughput and
comprehensive genome analyses have recently been reported using B-LCL collections,
e.g., genotyping of blood cell alloantigens (Kroll et al., 2001), detection of copy number
variation (CNV) (Redon et al., 2006), and population genetics (Li et al., 2008).

It may be inevitable, however, that long-term cell cultures will accumulate
chromosomal aberrations and/or genetic mutations. Additionally, it should be noted that
there is still some controversy over whether B-LCLs are truly immortalized cells.
Sugimoto et al. (2004) reported that B-LCLs could no longer proliferate following
long-term culture, that is, they showed the so-called “crisis” observed in human primary
cell cultures. By chance, some B-LCLs can overcome this crisis phase and continue to
grow indefinitely in culture, ie., show immortalization, however, such cells also
showed malignant transformation with abnormal karyotypes (Sugimoto et al., 2004).
These findings have prompted a vigorous debate on whether the genomes of B-LCLs

are really stable.
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To address this question, genome-wide evaluations of the genomic stability of
B-LCLs have recently been initiated. Whole genome single nucleotide polymorphism
(SNP) genotyping indicated that the discrepancies between B-LCLs and their parental
PBMNCs were not statistically significant (Simon-Sanchez et al., 2006; Herbeck et al.,
2009). In contrast, however, another study has reported different copy numbers of
certain genes in B-LCLs and their parental PBMNCs (The Wellcome Trust Case Control
Consortium, 2010). In relation to this issue, Bruder et al. analyzed CNVs in
monozygotic twins and found somatic mosaicism for CNVs, i.e., CNVs were detected
not only between individuals but also within an individual, with a rate of 70-80% of
blood cells affected in the most severe cases and of 10-15% in the less affected cases
(Bruder et al., 2008). CNVs form continuously in mitosis and meiosis by a diversity of
mechanisms, and it is thought that CNVs are one of major driving forces in the rapid
evolution of human beings (reviewed by Hastings et al., 2009).

In our array CGH analysis, several aberrations were detected in B-LCLs when
they were compared with PBMNCs. However, most of these aberrations were also
detected in B lineage cells when compared with non-B lineage cells. Therefore, it is
highly likely that most of the aberrations detected in the B-LCLs were present in their

parental B cells rather than having occurred de novo during establishment of the cell

20

— 166 —

110Z ‘8 uotely uo (NIMIN)U2Ieasay [eanusyn pue [ea1shyd jo sinjiisu| je Bio sjeuinolpioxo aqb woly pepeojumoq



cultures. However, with respect to some of the aberrations detected in some B-LCLs
derived from the Sonoda-Tajima collection (Figure S1-S4), it was impossible to
determine whether they occurred de novo during culture or were present in the parental
B cells since insufficient numbers of parental B cells were available for analysis. Of
note, a deletion in chromosome 22 (in the variable and joining regions of the Ig A light
chain) was detected in several B-LCLs but not in all lines, suggesting that EBV had
infected the B cells at different stages of differentiation, ie., before and after the
rearrangement of the Ig A light chain.

Interestingly, amplification at 5g35.3 was only detected in one of the two
Japanese B-LCLs derived from the same individual (Figure 6). Of course, we cannot
formally deny the possibility of de novo amplification during cell culture. However, this
observation might indicate somatic mosaicism as described above (Bruder et al., 2008).
Even if this is the case, it is not clear at present whether such somatic rearrangements
are coupled with RAG transposition (Reddy et al., 2010) or some other mechanism
(reviewed by Hastings et al., 2009). Moreover, with respect to aberrations of genes other
than of the Ig chains in B-LCLs and primary B cells, the biological implications remain
to be determined. When B-LCLs are utilized in genetic research, such aberrations need

to be taken into account.

21

—157—

110Z '8 Uosey uo (NIMIx)YaIessay [esiwayDd pue [eaisAud jo aimisuy je Bio'sjeunolpioxo agb woly pepeojumog



According to our array CGH results, the variation in copy numbers of some
genes in B-LCLs compared to their parental PBMNCs might have been present in the
parental B cells, and might have been detected if only B lineage cells had been collected
and analyzed in a similar fashion to the present study. The possible consequences of any
CNV between B cells and non-B cells have yet to be investigated. At present, we cannot
formally exclude the possibility that such CNV occurred during the establishment and
culture of the B-LCLs.

Overall, our analyses support the contention that B-LCLs provide a valuable
source of genomic DNAs for a wide range of genetic studies. However, it is
recommended that short-term cell cultures are utilized. Certainly, so-called
immortalized B-LCLs with abnormal karyotypes (Okubo et al., 2001; Sugimoto et al,,
2004) should not be used for genetic research. In addition, the occurrence of aberrations
in B-LCLs when compared to whole mononuclear blood cells should be taken into
account when the affected genomic loci are targeted for research.

The Sonoda-Tajima Cell Collection is a very valuable cell collection obtained
from various ethnic populations across the world, particularly from South America.
Since some of these populations in South America no longer exist, it will be impossible

to prepare a similar collection in the future. Here, we describe establishment of B-LCLs
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from the Sonoda-Tajima Cell Collection; currently, B-LCLs from more than 500 of the

total of about 3,500 samples have been developed. All of these B-LCLs are available

from the cell bank held at the Cell Engineering Division of RIKEN BioResource Center

in Japan (http://www.brc.riken.jp/lab/cell/english/). At the moment, approximately 150

B-LCLs are immediately available, while the others are now under preparation for rapid

distribution. In addition, we are willing to establish more B-LCLs on demand from

scientists around the world. We believe that our development of this resource will

contribute to various fields of science such as human genetics, human evolution, the

history of human migrations across continents, the pharmacokinetics of ethnic minority

groups, among others.
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FIGURE LEGENDS

Fig. 1. Hypothetical pathways of prehistoric human migration.

Red arrows indicate hypothetical prehistoric migration routes of humans after leaving
Africa approximately 70 thousand years ago. The numbers in boxes indicate the number
of individuals who donated blood samples. The yellow circles indicate the approximate

geographic location where the blood samples were collected.

Fig. 2. Geographic locations where blood samples were collected

Red circles indicate approximate locations where the blood samples were collected. The

numbers in circles correspond to the location numbers in Table 1.

Fig. 3. Karyotype analysis

The karyotypes of the 3 cell lines YAN3268 (A), WY084 (B), and YAN3191 (C) were
analyzed. A representative karyotype of the sample of 20 cells karyotyped and 50
mode-analyzed cells. The chromosome notation system follows the guidelines in ISCN

1991.

Fig. 4. Array CGH of chromosome | of the YAN3191 cell line
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The acquired hybridization signal for chromosome 1 is shown. Dots indicate probes
arrayed on the microarray. Red, green and black signals indicate probes that were called

"amplified", "decreased" or "no change®, respectively, at the corresponding genomic

regions in the YAN3191 cell line compared to mononuclear cells derived from

peripheral blood.

Fig. 5. An example of array CGH analysis showing the results for chromosome 14

(A) The acquired hybridization signal for the entire chromosome 14. (B, C) Expanded
images around 14q11.2 (B) and 14q32.33 (C). The dots in A and the crosses in B and C
indicate probes arrayed on the microarray. The red, green and black signals indicate
probes that were called "amplified", "decreased" or "no change", respectively, in
B-LCLs compared to mononuclear cells derived from peripheral blood in YAN3268,
YAN3191 and YAN3143, and in CD19" cells compared to CD19" cells in Cord Blood-1,

Cord Blood-2 and the Adult Japanese sample.

Fig. 6. Panel of aberration loci in each cell
Red and green columns indicate the loci called as amplifications and deletions,

respectively. Yellow column indicates that the aberrations were detected under less
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stringent statistical conditions. Grey columns indicate no statistical differences.

Fig. 7. FACS analysis to check the content of CD19(+) cells

A. FACS analysis of PBMNC stained with anti-CD3 and anti-CD19 antibodies. B and C,
FACS analysis of CD19(+)-depleted cell population (B) and CD19(+) cell population
(C) stained with anti-CD19 antibody after MACS beads separation, respectively. Lower

column indicates statistical analysis for each Region shown in figures.

Fig. 8. V(D)J recombination

PCR products were separated on a gel and the amplified V(D)J recombination products
are shown. Fibroblasts were used as a recombination-negative control. Mononuclear
cells derived from peripheral blood cells (PBMNCs) and CD19" cells (B lineage cells)
were used as multiclonal recombination-positive controls. If the cell line is monoclonal,

then a single band is generated by PCR.

32

— 168 —

L1L0Z ‘8 Uoiey uo (NIMIY)YoIeasay |eoiways pue [eoisAud jo snuisul e Bio sreuinofpiopxo aqb woly pepeojumoq



,dnoad 3smaurr ut patijue Jou ‘-,
(dse'xapur A13unod/wod snofoutys’ mmm//-di3y) xeput £13unocd sndojouy3y Aq PAII8Fel aI8mM SBWIBU J8U3}0

618 ¥0E 4912 1e10],
e L1 L g'e9 §'%3- - eunJ 0g surjuslay
6 vog EL €v- AYPII[BA ‘BYdIINY YOI MY 63
69 8¢ 92 gL -S1L 68- ndunpndepy ‘ouonesy ‘unsunpndepyy syondey 8%
Le 81 %1 89 (5'€2-) - (€3-) adrn ‘edrT ‘TejuBURYIT ‘OUSUIRIB]Y ‘BZUNY] BUIROR}Y L3 YD
T 0 I 9’69 G'3%- weueg ‘edeeg ‘OowoRATIng ‘sianeiny ‘ensdeue] (euedeusg) 00eY) 97
I 2 8 969 ¢'gg-  9TABAIN 1dnunyp ‘erdniny) ‘rdniny) ‘edniny) ‘Ae[snixy ‘Ae[ysniysy (SPBAIN) 008D 67
ge LT BI ‘969 §'%%- 1oXuUy (endus) ooeyy g Aendereg
g T 3 99 - §'¢9 (1%-) - (03-) 0ZNSON ez
g¢ 2ot gl SLE-99  (18-)-(¢'18-) Bnyany zed e YHoN enyrenp [44
8 € g T g'8I- sumbng efediy) 1%
8¢ €1 ¢t 69 «£'89 (§81-) - (91-) - BIBWAY 0% elafjoq
e ST L S gg- enyomy oandeaeg ‘enydnd elfoy orngereg 61
Le 0% L a2 g'e- enyoIind pus[ysiy teue) Ieus)) g1  JIopenoy
02 L1 ¢ W 1 AopunqIg ‘aswey] ‘BXJWLWRY ‘BYd0)) ‘Basjugwe)) ‘Bswe)) eswey] L1
91 €1 ¢ 8 1 e3uy pue[ysry eduy 91
St 11 ¥ w 1 - [equny g1
T T 0 G 1- ruAnwesyy ‘oiog ‘eiog RUBIN ¥l
I 0 I 569 1- BUNYNX ‘BURONX dejepy er
2 ? 3 i) g1r - eusL) nnkep 7l
4 T 1 < g1t - euteyong nnep 11
(4 g 0 @ <mns - nfeidg nndep 01
86 29 9¢ m. a1t pfreunniep ‘nniep ‘niep ‘eiren) ‘erfeny) ‘oxifeon ‘oxfeny) ‘nnispy niem 6
0z ¥l 9 g'dd ¥ rURYN] ‘BUnNIN], ‘BUNL], eunoL, 8
g [ m.@ 9 oqIyE M ‘TUBNYIG ‘TUENOIS ‘BqiEny) ‘oqifeny ‘Bndreny) ‘BATYBOY) ‘0qIyBOL) oqryeny L
g T ¥ g 9 - oqryenn:tuenblg 9
€ I 2 m.m 9 - ogqryensruenbig eruly ¢
Z % 0 o' 9 . OqIYENIENIOWY §  BIGUIO))
4 Z 2 @ g snbend ‘enyeny] ‘endeny ‘arnyy ‘ejopy voIRlJ e
B B[9NZBUS A /BIqUIO[O))
n_hvr.. BUBNOJ 18X ‘0308 ‘BUBME] ‘arBjLIINbBIA
0% ¥1 9 oY [+ ‘Tejuinbefy ‘3UoSUOIEA ‘BUBNOE(] ‘BUBNUN) ‘TABILINDEA] BUBNY 8K 3
2 uejRWERY ‘BUINUes],
t44 6 €1 m.@ g'¢ ‘BWITURG ‘LIBjRW RS ‘I[BIBWES ‘BYIBNs) ‘OUBYILITY)) ‘BUnuUBg (BWNUBG) BUISUBS | B[ONZAUSA
7]
c
1oL, A4 W (M 29T3ap) (N seoxdap)

pousIqeIsE TOT-4  2PMIBHOT

Pl

opmner]

aureu Ia3y1Q aquij, uonedo] Anuno)

aded from gbe.oxfordjournals

Apns s1y} Ut pepnpourt suorendod Ajuroutir projoduoy 1 2[qe],

— 169 —



ssauedep J[npe WOJJ PaysIqe)ss T - Ul Pajosjop JouU Sem uoeLIaqe ‘g
uojendod 93£00ydw 4] g UT Pajoslap JOU SBM UOTIBIIAQE ‘#

— 170 —

nd Chemical Resgarch(RIKEN) on March 8, 2011

drIVON ‘SPOLT

TVLTOD TNON
1dSALD ‘d9ZNIIN

s193SN[D ‘A BpqUE] ulngojdounwut

£ esem@serpoydsoy urfedwosurydg ‘$z£63100100'T

SI91SN[0 P ‘A ©I9q X03dadal [[aD J,

8193803 P ‘(J ‘A Uteyd Laeey ui ngqo[Jounurwit
sI91sN[0 P ‘A eydie xo03dsdau {80 J,

SI9ISN[I A ‘P ‘D ewrwed x03dadal [[30 ,
sx93snd A ‘P eddey urngojdounurwr

uoryeolT dure 96€LLT6LT O068LPIBLT £GED g
DINdd pue uueg(] ur [uo pajoajep

uoryeoyrdure ¥rL0098%  €P8LLS8Y 18°12d g

woryeayr dure 6206.681% 80%1L681% geb 4G
so[dwes §.g Ul pejosjap

uona[ap 6209L91Z  ST9L1L0% 3Z'11b (44

uonaapjuctyest dwre €1LL9699  0ELGY699 1°28D 01

uonyedr dure YLVZ0ZTY1 $9T8861F1  pEb L
so[dwiBs G I9A0 Ul Paj0alop

uorjafap 6L098290T PSOPTESOT £€°2ED ¥1

uonyesyrdure 0%00802Z  1¢T¢8¥1Z  2'11b ¥l

uonyearpr dure £E%6¥E8E  1093928¢ T1P1d L

uonI[ap 910e¥L68 ¥8991688 g'11d 4

sajduies [[e Ul pajadlap

SWEU suar)

urayjed doig e} pueqO}A)) JWOSOWOIY))

aded from gbe.oxfordjournals|org at Institute of Physical

P2a10919p SI19M SUOTIELISQE AISYM T00] JTUIOUSY) g S[qe],



| @inbi4



fordjournals.org at Institute of Physical and Chemical Research(RIKEN) on March 8, 2011

Figure 2

== 172~



[L] 22-AAXX L6
(L] 0L-"9-AAXX 06

[0z] (e1qewnsaid)+yb L ‘AX ‘9F [8L] AX'9F [02] XX'9t
adAjoliey adAjoAie) adAjoAiey
T o T o s e
Jaquinu awosowWGyYo JO SpO Jaquinu awosowoJyo Jo spoj\ Jaguinu awosowol4yd Jo apoA
L6LENEA 780AM 89ZENVA
. 5 i

0k

£

L
e g
| Researgh¢RIKEN

¢ aJnbi4

xfordjournals.org at Institute of Physical land Chemica

—173—



