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plate was subconfluent, cells were treated with 0.25%
trypsin/0.5 mM EDTA solution (both from Invitrogen,
Tokyo, Japan) and replated at a density of 5% 10* cells/ml.

All of the cells were maintained in a humidified incu-
bator at 37° C and 5% CO,. PDLs were calculated using
the formula: PDL= log (cell output/input)log2. At the
starting cultivation, PDLs of UCBTERT-21, UCB408E6E7
TERT-33, UE6E7T-3, and UBE6T-6 were 42, 67, 60, and
56, respectively. The doubling time of the UCB408E6E7T-
33 cell was 1.5 d, and that of UCBTERT-21, UE6E7T-3, or
UBE6T-6 was 2.6, 2.0, or 4.0 days, respectively.

Measurement of chromosome number and fluorescence
in situ hybridization. Metaphase chromosome spreads for
measurement of chromosome number and fluorescence in situ
hybridization (FISH) were prepared from exponential grow-
ing cells at various PDL. The cells were treated in a hypotonic
solution after exposure to 0.06 ug/ml colcemid (Invitrogen,
Carlsbad, CA) for 2 h and fixed in methanol/acetic acid (3:1).
The cells were spread on a microscope slide.

To count the number of chromosomes, the cells were
stained with DAPI (4’-6-diaminido-2-phenylindol; Vector
Laboratories, Inc. Burlingame, CA) and examined under an
Axioplan Il imaging microscope (Carl Zeiss, GmbH)
equipped with Leica QFISH software (Leica Microsystems
Holding, UK). To examine statistically significant chromo-
some numbers, we have allowed %1 deviation and 50-100
metaphase spreads were scored for each assay.

Painting probes specific for chromosome 13 (XCP13-kit,
FITC; MetaSystems, GmbH) and chromosome 17 (XCP17-
kit; Texas Red) (MetaSystems GmbH, Altlussheim, Ger-
many), and multicolor probes (mFISH-24Xcyte-kit, DAP],
FITC, TexasRed, Cy3, Cy5, and DEAC; MetaSystems
GmbH) were used for FISH analysis. FISH was performed
according to the manufacture’s protocol (MetaSystems
GmbH). Briefly, both the metaphase chromosome spread
and the probe were denatured with 0.07 N NaOH or 70%
formamide, hybridized at 37° C for 1-4 d, and counter-
stained with DAPIl. FISH images were captured and
analyzed on the Zeiss Axio Imaging microscope (Carl
Zeiss Microimaging GmbH, Jena, Germany) with Isis
mBAND/mFISH imaging Software (MetaSystems GmbH).

CGH analysis. Hybridization was carried out with the
BAC Amay (MAC AmayTM Karyo 4000 Component,
Macrogen Co., Rockville, MD) by the Hybstation (Ge-
nomic Solutions, Ann Arbor, MI). Briefly, test DNAs,
which were isolated using an isolation kit {Amersham
BioSciences, Little Chalfont, UK) and Spin Column
(QIAGEN Co., Tokyo, Japan), and reference DNAs
(Promega Co., Madison, WI), were labeled, respectively,
with Cy3 or Cy5 (BioPrimer DNA Labeling System,
Invitrogen Co.), precipitated together with ethanol in the
presence of Cot-1 DNA, redissolved in a hybridization
mixture (50% formamide, 10% dextran sulfate, 2xSSC, 4%

sodium dodecyl sulfate [SDS], pH 7), and denatured at
75° C for 10 min. Afier incubation at 37° C for 30 min,
each mixture was applied to an array slide and incubated at
42° C for 48-72 h. After hybridization, the slides were
washed in a solution of 50% formamide--2x SSC (pH 7.0)
for 15 min at 50° C, in 2x SSC-—0.1% SDS for 15 min at
50° C, and in a 100-mM sodium phosphate buffer
containing 0.1% Nonidet P-40 (pH 8) for 15 min at room
temperature, then scanned with GenePix4000A (Axon
Instruments, Union City, CA). Acquired images were
analyzed with MacViewer (Macrogen Instruments).

Differentiation ability. To evaluate the differentiation
potential of each cell line, cells were cultured on a coverslip
in each induction medium, that is, hMSC Differentiation
BulletKit-Adipogenic (PT-3004, Cambrex BioScience, Inc.,
Walkersville, MD) for adipocyte and NPMM Bullet kit
(NPMM™ BulletKit (B3209, Cambrex BioScience) for
neural progenitor cells. For osteoblast, cells were treated
with 0.1 uM dexamethasone (Sigma Chemical Co., St.
Louis, MO), 50 pug/ml L-ascorbic acid (Sigma Chemical),
and 10 mM B-glycerophosphate (Sigma Chemical) in the
PLUSOID-M medium (Med-Shirotori Co.) or the POWER-
EDBY 10 medium (Med-Shirotori Co.) of culture medium.

After 2-4 wk, the cells were washed in phosphate-
buffered saline (PBS), fixed in 4% paraformaidehyde in
PBS and stained with Oil Red-O (Sigma Chemical) for
detection of adipocyte, and with alkaline phosphatase
staining solution containing 0.25 mg/ml naphthol AS-BI
phosphate and 0.25 mg/ml Fast violet LB salt for detection
of alkaline phosphatase-positive osteoblast. In immuno-
staining for neuron-like cells, the cells fixed with parafor-
maldehyde were permeabilized with methanol at —20° C for
10 min and stained with an anti-IlIf tubulin antibody
(Sigma Chemical) or anti-neurofilament antibody NF-200
(Sigma Chemical) and Texas Red-anti-mouse IgG (South-
em Biotechnology Associates, Inc., Birmingham, AL) as
previously described (Takeuchi et al. 1990).

Results

Changes in chromosomal number in human mesenchymal
stem cell lines in prolonged culture. Immortalization of
cultured cells frequently induces an abnormal chromosome
number as shown in cancer cells (Duensing et al. 2000;
Munger et al. 2004; Patel et al. 2004), especially at higher
frequency in long-term culture. We therefore examined four
cell lines, human mesenchymal stem cell (hMSC) lines
immortalized with combinations of bmi-1, E6, E7, and/or
hTERT genes, for chromosome instability by counting
metaphase chromosomes.
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All of the lines were diploid, each containing 46 up to
40 PDL including the PDL numbers of nontransfecting
original MSCs (Takeda et al. 2004; Mori et al. 2005; Terai
et al. 2005). For UCBTERT-21 cell, no further changes in
chromosome number have been observed up to date (for
PDL 133) as shown in Fig. 14 and B. In contrast, although
the UBE6T-6 cell and the UE6ETT-3 cell were near
diploid, both cells exhibited considerable variation in
chromosome number from PDL 70 after the culture
started. For example, when the assay of UE6E7T-3 cells
start at PDL 62 in culture, 90% of cell population had 46
chromosomes, but the population decreased with pro-
longed culturing and a population containing 44 chromo-
somes became dominant (43% of cell populations) at PDL

147 (Fig. 1E, F ). A similar variation was also observed in
UBEGT-6 cells (Fig. 1C, D).

To ascertain whether or not the changes observed were
induced by transfection with HPV16E6E7, we assayed the
chromosome numbers of UCB408EGE7TERT-33 cell in
prolonged culture. The cell line showed similar chromo-
somal changes to those of the UE6E7T-3 cell, the rate of
which was more rapid. At day 2 after culture by us changes
became evident (PDL 68), the UCB408EGE7TERT-33 cells
consisted of two distinct populations concerning chromo-
some number (near diploid [24%] and near tetraploid
[53%]), shown in Fig. 1G. However, the near diploid
population was unstable and decreased gradually. At PDL
81, the population became only near tetraploid, 80% of the

Figure 1. Changes in chromo- UCBTERT-21 UBE6T-6 UCB40BEGE7TERT-33
somal numbers in prolonged 100 60 5
cultures of four hMSC cell lines. ! A PDL45 I -
(A-K) The chromosomal num- & C PDLS8 4011 G PDL68
bers at various culture stages 2 e & @ 2 %
were counted by DAPI staining. ] 3 3 .
(4.B),(C. D), (E, F).and (G-K) %5 W S ] Ry
represent the chromosomal X 220 3 2 10
numbersﬂ‘omUCBTERT—Zl, TTY T T T T T T T T T I T I T T I Y
UBE6T-6, UEGET7T-3, and w:)’ o
UCB408E6E7TERT-33, respec- !:—I w Y
tively. To examine statistically a0 B PDL133 D PDL128 1 4011 H PDL72
significant chromosomal num- 2 e w 40 L)
bers, we have allowed 1 devia- ® E Tg R
tion, and 50-100 metaphase | g 40 S 2 52 i '
spreads were examined for each ° ° )
assay. Note the changes in chro- s 4 = < 10]
mosomal number from near 2n L' ARAAAAAAAAAARALAARARA o o
to near 4n in prolonged culture. §§§§§§§§§§'X §§§§§§§§§§§ 50
No. of chromosomes No. of chromosomes ™ 40] -I PDL74
2 [ |
Y
UEGE7T-3 E 20 I
LY (]
o ’“Zlm—m.tﬂlfw
= o
= 60
8 50
5% a0 s POLT?
*® °
o N I
gy llIlIll'lT'YYl?Tl 8 l
100 bR
a1 | F PDL147 l 3R
2 o
= 60
S 1. 50
=
6 WY | a0t K POL81
= 1) ]
o N
t:r'll-wvv-rrw'uh-v—r‘ 8
L ot et et et ol o ol -
H ans oy
8383884835«
No. of chromosomes ol
HHHHA T HHAES
LR R EENEF

Q) Springer

No. of chromosomes

— 300 —



CHROMOSOMAL INSTABILITY OF HMSCS

133

cells contain 85-92 chromosomes (Fig. 1K). The results
indicate that UCBTERT-21 is relatively stable in chromo-
some number, whercas cach of the oncogene-immortalized
cells (UE6ETT-3, UBE6T-6, and UCB40BE6ETTERT-33
cell) were unstable in chromosome numbers, which altered
substantially during prolonged culture.

We next applied FISH and CGH analysis to characterize
the chromosomal aberrations of the cell lines. All of the
four cell lines passed for PDL 50 before examination by
FISH. mFISH analysis of the UCBTERT-21 cell at PDL 52
showed normal chromosome composition (Fig. 24 and B)
as observed in non-immortalized cells. The UBE6T-6 cell
containing 43-45 chromosomes demonstrates losses of
chromosome 13, 16, and 19 (marginal variation in chro-
mosome 4 was observed among cells), but keeps on
proliferating in chromosome number of 43-45 (Fig. 2D,
E). In contrast, the UCB408E6ETTERT-33 cell showed
more heterogeneity in chromosome composition with
intrachromosomal and interchromosomal aberrations (data
not shown). However, by mFISH analysis we were able to
detect nonrandom losses of chromosome 13 in three cell
lines except the UCBTERT-21 cell line. This was also
confirmed by pFISH analysis using the probes specific for
chromosome 13 and chromosome 17 (Fig. 2C, F'). More
than 97% of UCBTERT-21 cells showed two copies for
chromosome 13, indicating the stability of the chromo-

Figure 2. FISH analysis of
human mesenchymal stem cell
hTERT alone, hTERT plus
bm-1, HPVE6 or with hTERT
plus HPVEG/E7. Multicolor
FISH images of metaphase
spreads (4, D), their karyotypes
(B, E), and painting FISH
images using DNA probes
specific for chromosome 13
(green) and 17 (red) (C, F) of
UCBTERT-21 (4, B, C) and
UBE6T-6 (D, E, F). Quantity of
chromosome 13 copy numbers
in four cell lines (G-J). FISH
signals were counted in

A: UCBTERT-21

D: UBE6T-6

buman karyotype, whereas
other cells lost one copy of

somes in the cell line (Fig. 2G). The UE6E7T-3 and the
UBEGT-6 cell lines with chromosome numbers of 43-45
showed only one copy of chromosome 13 in 76% of
UEGETT-3 cells and 86% of UBE6T-6 cells, respectively
(Fig. 24, J). A similar loss of chromosome 13 was also
observed in 70% of UCB408EGETTERT-33 cells, which
showed three copies of chromosome 13 in near tetraploid
(Fig. 2H). Other chromosomes, for example chromosome
17, were contained in the UCBTERT-2]1 and UBE6T-6 cell
lines (Fig. 2C, F).

Furthermore, a significant nonrandom loss of chromo-
some 13 at the single cell-level observed by FISH was
examined by array CGH, which samples the entire cell
population. Figure 3 shows the array CGH profiles from
early (hlue spots) and late (red spots) stages of proliferating
of each cell line. The UCBTERT-21 cell did not show any
detectable differences in array CGH profiles between early
and late stages (Fig. 34). Although the loss of chromosome
13 had already occurred at early stages in the UBE6T-6
and the UCB408EGETTERT-33 cell lines, in addition to
the losses of chromosomes 4, 9, and 16 (Fig. 3B, D), in
UEG6E7T-3 the loss appeared between PDL 78 to 101 with
loss of chromosome 16. The most compelling observation
was that all three cell lines revealed a consistent whole
loss of chromosome 13. These data are consistent with the
results observed by FISH analysis. From these results, we
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Figure 3. Army CGH profiles
performed on four immonalized
human mesenchymal stem cell

lines at selected PDL. For each
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concluded that only hTERT-mediated immortalization
induced little change in the chromosome numbers and
chromosome structures of mesenchymal stem cells, but
immortalization with Bmi-l, E6, and E7 in addition to
hTERT results in chromosome instability.

Differentiation potential into lineages of immortalized
mesenchymal stem cell lines. It has been reported that
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mesenchymal stem cells have the extensive potential to
differentiate into multiple cell lineages including osteoblast,
chondrocytes, adipocytes (Pittenger et al. 1999), cardiac
myocytes (Makino et al. 1999), and neural cells (Pacary et al.
2006; Wislet-Gendebien et al. 2005). To evaluate whether
chromosome instability of these cell lines in prolonged
culture affects differentiation, cells of each cell line were
stimulated in each induction medium for 2 1o 4 wk. In
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adipocyte-specific culture medium, all cell lines accumu-
lated lipid-rich vacuoles in their cytoplasm within 2 wk,
which were made evident by Oil Red-O staining. In
particular, the UEG6E7T-3 cell line showed a greater
adipogenetic ability among the four cell lines (Fig. 44bh).
In osteoblast induction medium for 2 wk, UCB408E6E7
TERT-33 cells showed a marked increase in alkaline
phosphatase expression, a marker of osteoblast, compared
with those in the three other cell lines (Fig. 44d). In

Figure 4. Differentiation po-

tential of immortalized human A
mesenchymal stem cell lines

into adipogenic, osteogenic,

and neurogenic lineages. Adi-
pogenesis was indicated by the
accumulation of lipid stained

with Oil Red-O (4a and 4b,
UEGETT-3 cell line). Osteogen-

esis is indicated by the increase

in alkaline phosphatase (4c and

Ad, UCB40RE6E7TERT-33 cell

line). Neurogenesis was shown

by staining with two kinds of
monoclonal antibodies to 13-

tubulin and neurofilament, and

by shape changes of cell

(Ae-4h, UBE6GT-6 cell line). B.
Comparison of the differentia-

tion potential of four cell lines

whose responses to stimuli into
differentiation were diverse

among the cell lines. - and + e
indicate a response similar to an
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strong response shown by

images of treated cells in Fig.

4A4. (Bar indicates 20 um).

Alkaline
phosphatase

Neurofilament

untl_jeated_

addition, UBE6T-6 cells in neuron induction medium
reduced proliferation and displayed marked changes in
morphology from being a flat-polygonal shape to taking on
the characteristic neuron-like shape in which the cells
develop long branching processes. Moreover, in comparing
the expression pattermns of characteristic neural antigens, i.e.,
neurofilament, I1I-B-tubulin, before and after induction
(28 d), the pseudo-neural shaped cells showed apparent
increases in immunoreactivity to both antibodies (Fig. 44/, Ah),
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whereas such changes were not evident with the flat-shaped
cells before induction (Fig. 44e, 4g). Additionally, such
cells did not undergo such differentiation in culture medium
when cultured for as long as 30 d, although faint staining
was observed. Figure 4B shows the overall results of
differentiation potential of the four cell lines into adipo-
genic, osteogenic, and neurogenic lincages. These immor-
talized mesenchymal stem cell lines retained the ability to
differentiate into three lineages, although among cell lines
there are significant variations in response to lineage-
specific induction.

Discussion

Attempts to clarify the mechanisms for extending the
lifespan of tumor cells have been made for many years,
and several genes that have effects on cellular proliferation
and survival have become clear (Munger et al. 2002) in
addition to the elucidation that the majority of tumor cells
express telomerase (WTERT. Armmanios et al. 2005). The
goal of one of the series of our studies has been to establish
cell lines with long lifespan and with parental properties, on
the basis of genotypic and phenotypic characterizations, for
application to cell-based therapy. We previously established
several cell lines (Takeda et al. 2004; Mori et al. 2005;
Terai et al. 2005), and the present study demonstrated that
UCBTERT-21, the immortalized cell line derived from
human umbilical cord blood-derived MSCs with hTERT, has
a normal karyotype and has an extended lifespan by at least
133 population doublings, and has the differentiation potential
into the adipocyte or osteoblast similar to parental MSCs
(Terai et al. 2005), although the potential was weak but
clearly positive in this study. The specific environmental
cues to initiate the differentiation of hMSCs are not yet clear.
UCBTERT-2! immortalized with hTERT alone can be
prolonged without inhibition of the p16™¥4A/RB pathway
(Terai et al. 2005), the result of which is in agreement with
reports that hTERT alone significantly extends the lifespan
of human fibroblasts, epithelial, and endothelial cells
(Bodnar et al. 1998; Chang et al. 2005), without the
requirement for molecular alterations in p53/p21 and pRB/
pl6™K4A pathways (Milyavsky et al. 2003). However,
other researchers have indicated that inactivation of the RB/
p16 pathway by E7, or downregulation of p16 expression,
in addition to increasing telomerase activities, is necessary
for expanding the lifespan of human keratinocytes (Dickson
et al. 2000; Kiyono et al. 1998). Thus, the possibility that a
telomere-independent barrier may operate to prevent im-
mortalization according to cell types has been indicated.
UCB408E6E7TERT-33, UEGET71-3, and UBL61-6 are
hMSC-clones immortalized with- HPV16EG/E7 or poly-
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comb group oncogene Bmi-1, in combination with hTERT.
Immonalization of human keratinocyte in vitro using virus-
derived oncogenes such as E6 and E7 is based on initial
inactivation of the p53 and/or Rb pathways, which are
essential for controlling cell cycle progression in response
to DNA damage or afier induction tetraploidy; thercfore,
this gene transduction induces chromosomal abnormalities
(Solinas-Toldo et al. 1997; Duensing et al, 2002; Patel et al.
2004; Schaeffer et al. 2004). The cell lines used in this
study became completely immortal, yet underwent dynamic
changes in their chromosome numbers in prolonged culture.
Near diploid population in early passage of UCB408EGE7
TERT-33 became near-tetraploid population with prolonged
culture without the appearance of intermediate populations
(60-70 chromosomes/cell), and thereafter gave rise to a
population having smaller numbers of chromosomes than
tetraploid. Similar patterns existed, although at a slower
rate, in UBE6T-6 cells and UEGE7T-3. These results
suggest that HPVE6 and E7 proteins cause tetraploidy that
precedes the chromosomal aberration to ancuploid in E6/
E7-immotalized hMSCs, as is currently shown in several
lines of evidence. For example, in viro experiments in
human cell lines (N/TERT-1 keratinocytes and HeLa cells)
demonstrate that chromosome nondisjunction yields tetra-
ploid rather than ancuploid, and that aneuploid may
develop through chromosomal loss from tetraploid, al-
though the mechanistic basis for the tetraploid formation
still remains to be elucidated (Shi et al. 2005). This is also
suggested from evidence that high frequency of tetraproidy
is present with aneuploidy in human tumors (Olaharski et al.
2006; Sen 2000). A distinct pattem of aneuploid became
apparent using dual-probe FISH and CGH analyses, in
which UCB408EGE7TERT-33 cells predominantly ex-
hibited triploid 13 and tetraploidy |7 together with other
chromosomal changes as shown in Figs. 2 and 3. However,
surprisingly, the loss of one copy of chromosome 13 was
also seen in 70-80% of diploid UE6E7T-3 and diploid
UBE6T-6 cells retaining two copies of chromosome 17.
The loss occurred in PDL 50 in both UEGE7T-6 and
UCB408E6ETTERT-33, and between PDL 78 and 101 in
UEG6ETT-3. Structural and numerical aberrations targeting
chromosome 17 are oflen reported in tumors from various
tissues (Olaharski et al. 2006), whereas the pattern that
chromosome 13 is lost and chromosome 17 is stable, was
common for the three cell lines in this study, indicating the
possibility that the loss of chromosome 13 may play an
important role in the chromosomal aberration of hMSCs to
acquire growth advantages under the given culturing
condition. Similar karyotypic changes were evident in
cultured human embryonic stem cells, involving the gain
of chromosome 17 or chromosome 12 (Carlson et al. 2000;
Draper et al. 2004). It is thus conjectured that the
aneuploidy developed through chromosomal loss from
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diploid cells arises through different mechanisms from
tetraploid intermediate.

An alternative explanation for aneuploid formation
mechanism independent of tetraploid intermediate is loss
of regulation in centrosome duplication, leading to abnor-
mal centrosome amplification and multipolar spindles,
resulting in aneuploidy. In addition, centrosome amplifica-
tion caused by loss of p53 has been shown in cultured
mouse cells (Fukasawa et al. 1996), but not in cultured
human cells (Kawamura et al. 2004). However, loss of p53
and centrosome amplification has been revealed in human
cancer tissue. Our preliminary examination has indicated a
weak correlation between centrosome amplification and
chromosome number (data not shown). Only 2.4% of
UCBTERT-21 cells contained >3 centrosomes per cell,
whereas 11.9% of UCB408E6E7TERT-33, 19.1% of
UE6E7T-3 and 14.3% of UBEGT-6 cells contained >3
centrosomes per cell. Thus, further study is still needed to
clarify the mechanism inducing chromosomal instability in
immortalized hMSCs cultured over a long period.

Human mesenchymal stem cells are thought to be
multipotent cells that can replicate stem cells and that can
differentiate to lineages of mesenchymal tissues including
bone, fat, tendon, and muscle. Our results indicated that
immortalized hMSCs, except UCBTERT-21, induced
changes in chromosome number over prolonged culture,
but these cells have still retained the ability to both
proliferate and differentiate. Immortalized UBE6T-6 cells
also displayed neuron-like morphology and strong expres-
sion of the neuron-specific markers of neurofilament and
111-B-tubulin. We previously demonstrated that hTERT, E7-
immortalized hMSCs differentiate into neural cells in vitro
on the basis of morphological changes, expression of neural
markers such as nestin, neurofilament, MAP-2, Nurrl, and
1II-B-tubulin. Furthermore, the physiological function
showed reversible calcium uptake in response to extracel-
lular potassium concentration (Mori et al. 2005). Similar
observations have been reported using rat MSCs (Wislet-
Gendebien et al. 2003; Wislet-Gendebien et al. 2005; Pacary
et al. 2006). In preliminary experiment of cell transplantation
that 10° cells of UCBTERT-21 cell (PDLs 120) or
UCB408EGETTERT-33 cell (PDLs 200) were injected into
nude mice subcutaneously, no tumorigenicity was observed
(data not shown).

In conclusion, our study showed that the hTERT-
immortalized cell line displayed normal karyotype and
differentiation ability in prolonged culture. These results
provide a step forward toward supplying a sufficient number
of cells for new therapeutic approaches. In addition,
oncogene-immortalized cell lines exhibited abnormal karyo-
type accompanying the preferential loss of chromosome 13
but without differential alteration during prolonged culture.
Thus, the results could provide a useful model for under-

standing the mechanisms of the chromosomal instability and
the differentiation of hMSC.
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Abstract We developed a highly sensitive and convenient
method of nested polymerase chain reaction (PCR) targeted to
mitochondrial deoxyribonucleic acid (DNA) to identify
animal specics quickly in cultured cells. Fourteen vertebrate
specics, including human. cynomolgus maonkey, African
green monkey, mousc, rat, Syrian hamster, Chinese hamster,
guinca pig, rabbit, dog, cat, cow, pig, and chicken, could be
distinguished [rom cach other by nested PCR. The first PCR
amplifics mitochondrial DNA fragments with a universal
primer pair complementary to the conserved regions of 14
species, and the sccond PCR amplifies the DNA fragments
with species-specilic primer pairs from the firs: products. The
species-specific primer pairs were designed to casily distin-
guish 14 species from cach other under standard agarose gel
clectrophoresis. We further developed the multiplex PCR
using a mixturc of seven species-specific primer pairs for iwo
groups of animals. One was comprised of human, mouse, rat,
cat, pig. cow, and rabbit, and the other was comprised of
African green monkey, cynomolgus monkey, Syrian hamslier,
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Chinese hamster, guinea pig, dog, and chicken. The sensitivity
of the PCR assay was at lcast 100 pg DNA/reaction, which
was sufficient for the dctection of cach species of DNA.
Furthermore, the nested PCR method was able to identify the
species in the interspecies mixture of DNA. Thus, the method
developed in this study will provide a useful ool for the
authentication of animal species.

Keywords Ccll line authentication - Cross-contamination -
Quality control - Bio-resources

Introduction

It has been occasionally reported that cell lines derived from
a certain source can he contaminated with another cell line.
This cross-culture contamination is a serious problem for
investigations using culture cclls (Nelson-Recs ct al. 1981).
Therefore, it is very important to confirm the identities of
cell lines as part of quality control in the operation of the
ccll banks that supply these cells to researchers. Some
methods have been developed for the authentication of cell
lines. For example, short tandem repeat profiling has been
used to identify human-origin cell lines (Tanabe ct al. 1999;
Masters et al. 2001). As for the methods to detect
interspecies cross-contamination, chromosome typing, im-
munological testing, and isocnzymc analysis have been used
(Montes de Oca et al. 1969; Stulberg 1973; Doyle et al.
1990). Each of these methods, however, has disadvantages,
such as chromosomce analysis, which requires great skill, and
immunological identification, which requires species-specilic
antibodies. [soenzyme analysis is a general method to find
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inferspecies cross-contamination (Steube ot al. 1995). How-
ever, the sensitivity of this webnigue is not suitable for the
detection of intermingling with other species-derived cells
(Nims ot al. 1998), and some specialized reagents and
devices are required.

The identification of species by polymerase chain
reaction (PCR) based on species-specific deoxyribonucleic
acid (DNA) sequences has many advantages, as follows: (1)
the equipment required for PCR has become widespread in the
laboratories of life science rescarch, (2) the method is
wlatively simple and does not require great skill, and (3) the
sensitivity is high because of amplification of' a specific DNA
fragment. Thus, some PCR methods for identification of
animal species, including cell tine authentication, have been
reported in recent years (Naito et al. 1992; Hershfield et al.
1994; Parodt et al. 2002; Liu et al. 2003; Steube et al. 2003).
However, these methods are not suitable for the purpose of
rapidly distinguishing many kinds of animal species.

In the present study, we developed a highly sensilive
PCR method that can distinguish 14 animal species, which
are commonly used in cell culiures for life science resecarch;
i.c.. human, cynomolgus monkey, African green monkcey.
mouse, rat, Syrian hamster, Chinese hamster, guinea pig.
rabbit. dog, cat, cow, pig. and chicken.

Materials and Methods

Cell lines and preparation of DNA. All cell lines used in
this study are shown in Table | and are available from the
Health Science Research Resources Bank (HSRRB). These
cell lines were confimmed 1w be free of micrvorganisms,
such as mycoplasma, bacteria, fungi and yeast, and the
species in the original description was authenticated by
isocnzyme analysis at the HSRRB. Cellular DNA contain-
ing both nuclear and mitochendrial DNA was extracted
using MagExtractor-Gienome (Toyobo. Co., Ltd., Osaka,
Japan) according to the n anufacturer’s instruction, and the
resultant purified DNA was used for PCR.

Primer design. The information of full-length and partial
mitochondrial DNA sequences for 14 species of animals
were obtained from the published ditabase at the National
Center for Biotechnology Information (NCBI). The acces-
sion numbers of the reference sequences and the area
corresponding 10 each primer's target are listed in Tuble 2,
and the nucleotide sequences of cach primer are presented
in Table 3. The first primers. which were complementary 10
conserved sequences within eytochrome b (for forward
primer) and 168 ribosomal RNA genes (for reverse) among
the 14 species, were designed as a universal primer pair
(Fig. 1). The amplified product covers cytochrome b, d-
loop, 12S ribosomal RNA and 168 ribosomal RNA genes.
and the predicted product size is 4-5 kbp. The species-

specific sequences within the arca amplified by the
universal primer pair were selected as sccond primer pairs.
To clearly identity the specics-specitic bands in agarose gel
clectrophoresis, we designed 2nd primers for the 14 species
to amplify different sizes of DNA in the range of 200
1400 bp at approximaiely 50-bp intervals (Table 2; see also
Fig. 3.4).

Polvmerase chain reaction. The 50-ul reaction mixture
contained |.25 units Takara Ex Taq (Takara Bio, Inc.. Otsu,
Japan), Ex Taq buffer (Mg®": 2 mM). dNTPs (50 uM cach),
10 pmol of each primer and 100 ng of sample DNA, unless
otherwise stated. The amplification was carricd out in a
PCR Thermal Cycler MP (TP3000; Takara Bio Inc.). in the
first PCR, the rcaction mixture was heated at 94° C for
5 min, at 59° C for 5 min, followed by 35 cycles of
clongation at 72° C for 2.5 min, denaturation at 94° C for
30 s, anncaling at 59° C for 45 s, with elongation at 72° C

Table 1. Cell lines used in this study

Name of cell line Registry number  Specices

203 JCRBYO6S Human

A549 JCRBO076 Human

COLO320 DM JCRB022S Hunian

HuH-7 JCRBO403 . Human

Hela S3 JCRBY0OI0O Human

Hep G2 JCRB1054 Human

ITC 12 JCRBOGOT Cynomolgus monkey
MK.P3 JCRBO607.{ Cynomolgus monkey
COS-7 JICRB9127 African green monkey
Vero JCRB%013 African green monkey
3T3-1.1 ICRBYOIY Mouse

A9 JCRBO221 Mouse

Bi6 melanoma JCRIBO202 Mousc

KUM3 JCRBI134 Muouse

WEHI-3b [FO50296 Mouse

e IFOS01T0 Rat

L6 JCRBO0S1! Rat

Py-3Y1-82 JCRBO736 Rat

WB-1344 JCRBOIOR Rat

BHK(C-13) JCRB9020 Syrian hamsier
RPMI 1846 JCRB9087 Syrian hamster
CHO-K 1 IFOSu414 Chinese hamster
TG JCRBOG26 Chinese hamster
1041 JCRBYO3G Guinea pig

SIRC IFOSs0020 Rabbit

MDCK IFO50071 Doy

CRFK JCRBY03S Cat

PGHSAE ) JCRBY12S Cat

MDBK JORBYO2Y Cow

PK(15) JCRBY030 Piy

DT40 JCRBY13O Chicken

LMH JCRBO237 Chicken

4Gi2 hybndoma IFO50090 Hybrid (human -~ mouse)
NIK-RE-105 IFOS0221 Hybrid (mouse < 1an)

@_ Springer
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Table 2.

The target sequence position tor cach primer pair in the mitochondrial genome and the predicied size of the amplitied product

Species Primer Reference mitochondrial
— DNA sequence
First primer Seeond primer (NCBI aceession number)
Forward Reverse Forward Reverse Genes Predicted
amplificd product
size (bp)
Human 15226-15249 2990-3009 15311 15334 1573215751 Cwt b 441 NC 001807
Cynomolgus monkey 479 502 15721591 209229 1320-1340""  125-168 1132 (2)AF295584, (b)JAF420036.
(C)AF424970
Afnican green monkey  14643-14666 2408 2427 800-823 10741100 128168 3ol AY863426.1
Munsse 1462314646 24302449  28-55 954-975 tIRNA-Phe--128 94X NC 003089
Rat 1460214625 2419-2438 1748 1767 2218 2240 168 493 NC 001665
Syrian hams:er 479--502 ND? 682703 YWo6-Y26 Cyth 245 AF119265
Chinese hamster 1460413627 2413 2432 353-376 930953 128 601 DQ390542
Giuinea pig 14632 14665 2494 2413 140-159 454.47% 128 339 NC 000884
Rahbit 146353-14676 2425 2444  116-136 799-819 128 704 NC 001913
Dog 14668- 14691 2428 2447 11051125 18381859 16S 755 AY 729880
Cm 15516- 15539 3238 3307 1675 1604 3046 3065 128-+16S 1391 NC 001700
Cow 14991 15014 2781 2800  401-421 1469-1490  IRNA-Phe—16S 1050 AB074963
Pig 1S791 13814 3568-3587  2099-2123  2898.2917 1252168 819 AY337045
Chicken 1538315406 3715-3734 3395 3415 3570 3591 16S 197 ABO08G102

vt h eytochrome b, IRNA-Phe phenylalanine transfer RNA, 125 128 ribosomal RNA, and 768 168 ribosomal RNA

*The carresponding 168 ribosomal RNA genome sequence of Syriun hamster was not available.
means reference sequence AF295584,
Ymcans reference sequence AF420036.

s

ih

“''means reference sequence AF424970.

for 10 min in the last cycle, and stored at 4° C. The first
amplified product was diluted to 1:10 with sterile distilled
water. and a 1wl aliquot of the diluted product was used as
the sample DNA for the second PCR. In the seccond PCR,
the reaction mixture was heated to 94 C for 5 min,
maintained at 60° C for S min, followed by 30 cycles of

clongation at 72° C for 1.5 min, denaturation at 94° C for
45 s, anncaling at 60° C for 30 s, with clongation at 72° C
for 10 min in the last cycle, and stored at 4° C. Each 5 ul of
sccond PCR product was run on a 2% agarose (ScaKem
GTG agarose; Cambrex Bio Science Rockland, Inc.,
Rockland, ME) minigel unless otherwise noted, stained

Table 3. Nucleotide scquences of cach primer pair

Primer pair

Forward scquence

Reverse sequence

First PCR primer
Second PCR primcer
Human

Cynonmwlgus monkey
Africuan green monkey
Mouse

Rat

Syrian hamster
Chinese hamster
Gannea pig

THGTHSAATGAATCTGAGGVGGYT

TATTGCAGCCCTAGCAGCACTCUA
AGTGAGCGCAAACGCCACTGC
CCAGAAGACCCACGATAACTCTCA

GCACTGAAAATGCTTAGATGGATAATTG

CAATCCACCAAGCACAAGTG
GACCTCTTAGGTGTATTCCTAC
CCGGCGTAAAACGTGTTATAGACT
GCCCTATGTACCACACTCAG

COATGTTGGATCAGOGACALC

AGAATGAGGAGGTCTGCGGC
GTTAACAGTGAAGGTGGCATG
TGTTAGCTCAAGGTAATCGAGTTGTAC
CCTCTCATAAACGGATGTCTAG
COCCAACCGAAATTTGGTAGTTC
GTATGAAGAAGGGGTAGAGCA
GTATTAGGTATAATATCGGCAGTC
CCTTAGCTTTCGTGTGTCGGACTTA

Rubbit CATGCAAGACTCCTCACGCCA GGGCTTTCGTATATTCTGAAG

Doy GCCCAACTAACCCCAAACTTA GGTTAACAATGGGGTGGATAAG

Cut TAGAACACCCACGAAGATCC CATATGGTCTCTTTGGGTCG

Cow CCTAGATGAGTCTCCCAACTC GTTGTTTAGTCGAGAGGGTATC

Pig CCTATATTCAATTACACAACCATGC GCGTGTGCGAGGAGAAAGGC

Chicken GTATTCCCGTGCAAAAACGAG CTTAGTGAAGAGTTGTGGTCTG
@ Springer
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Figure 1. Universal primer A

le

pairs for the first PCR. (4) The
target position in the mitochon-
diial DNA. The firs: PCR is
expected to amplify 4- to 5-kb
DNA fragments spanning from
cvtochrome b to 168 rRNA. (B)

Universal primer

4-5kb ={

Universal primer

The sequences of the universal

(Forward) (Reverse)
» «
A Cytochrome b Doop il 12SRNA ] 16S(RNA

primess and the target nucleotide
of 14 animal species. The for-

ward pruner was designed to he
complementary to the conserved

tRNA

Mitochondrial DNA

sequences within cytochrome b

and the reverse primer within B
16S ribosomal RNA, respec-

tively. Degencrate primer was

used for the forward primer, i.c., (

> < '

H:A:CT, S:C'G, VA/C/G.
Inversed letters indicate bases
mismatched to universal primer
sequences. The 16S rRNA se-
quence of Syrian hamstor for
reverse primer was not available Mouse
from thc NCBI database. Rat
Syrian hansler
Chinese hamster

Universal primer

Human
Cynomolgus monkey

THGTHSAATGAATCTGACGVGGVY

CGATCTTGGATCAGGACATC

- --TAGTTCAATGAATCTGAGGAGGC T~~~/ / ~ ~~CGATGTTCGATCAGGACATC - - -
=== PTGTCCAATGAATCEGAGGGGGAT~ ==/ / = - ~CGATGT TCGATCAGGATATC - - =
African green monkey - ~~TCeTCCARTGARTCTGAGORG6GT- -~/ /- - ~conTETTCGATCAGE AT ATC - -~
- —-TAGTCGANTGAN T GAGGGEGCT-~—/ / - ~CGATCTTEGATCAGGACATC - - -
~ =~ TAGTCGARTGAATLTGAGGAGGCT - -~/ / =~ ~CGATGTTCGATCAGGACATC - -
- -~ TAGTAGAATGAA T GAGGUGGET -~/ / ~ -~

-~ ~TPAGTAGAATGAATCTGAGGAGGCT— -~/ / - - ~CGATGTTCGATCAGGACATC -~ -

Guinea pig -~ TTGTAGAGTGAATCTGAGGGGGGT -~ -/ / - - - CGATGTTGGATCAGGACATC - -
Rabbit - = =TAGTTGAATGAATCTGAGGAGGAT~~~ / / - - ~CGATSTTGCATCAGGATATC- - ~
Dog ---TASTRGAATGRATCTGAGGLGECT -~/ / - - -COATSTTGGATCAGGACATC - - -
Cat ~ =~ TAGTAGARTGAAT I TGAGGGGGGT- -/ / - - ~-CGATGTTGGATCAGGACATC- - -
Cow - =~ TAGTCGAATGAATCTGAGGCGOAT = == / / =~ ~CGATGTTGGATCAGGATAT - - -
Pig === TCETAGARTGAATC TGAGGEGGU L~~~ 7 / = - ~CHATG T TRGATCAGGACAR - - -
Chicken -~ ~TAGTAGARTCACEL TGAGGCGGAT- =~/ /=~ ~COATGT TCGATCATGACAR - -

with cthidium bromide, visualized under UV light (Mupid-
Scope WD: Advance Co., Lid.. Tokyo, Japan). and photo-
graphed. The 100 bp DNA Ladder (Takara Bio Inc.) was
upplied as a size marker.

Result and Discussion

First PCR. Mitochondrial DNA is gencrally a desirable
target for PCR compared with nuclear DNA, as cach animal
cell generally contains 500 1,000 copies of mitochondrial
DNA. Primers were designed as described in “Materials
and Methods”. Figure 2 shows the gel electrophoresis of the
first PCR products amplified with the universal primer pair
from each specics DNAL The predicted 4- to 5-kbp producets
were clearly observed for all species. except for chicken. Tn
the case of chicken, no visible bund was observed wt ca,
5 kbp. the size predicted from chicken mitochondrial DNA
sequence. However. it is likely that specific amplification
dees oceur during the first PCR for chicken DNA, because
a much larger amount of chicken DNA was required
without first PCR for identification during the sccond
PCR compared with that obtained when first PCR was
carried out (data not shown),

Species-specificity of nested PCR. The nested PCR
strategy was uscd to specifically amplify specics-specific

DNA. To confirm amplification by cach spccies-specific
primer pair. DNA prepared from each cell line originating
from 14 species of animals was subjected to the nested PCR
using the universal primer pair in the first PCR and the
respective single species-specitic primer pair in the secund
PCR. The amplificd product from the corresponding
specics DNA exhibited the predicted size (Table 2) for
cach animal specics, and could be readily distinguished
from cach other according to the different sizes (Fig. 34).
Figure 3B shows the species-specificity of nested PCR in
this strategy. Most of the species-specific primer pairs, i.c.,
human. cynomolgus monkey, Syriun hamster, Chinese ham-

C. monkey

oy
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C. hamster
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rabbit
chickan
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Figure 2. Gel electrophoresis of firsi-PCR products for 14 specics,
DNA of cach species was extiacted fromn the following cell lines
indicated in purentheses, human (AS49), cynomolgus monkey (MK,
PR} African green monkey (COS-7), mouse (WEITI-3b), rat (Py-3Y1-
$2), Syrian hamster (BHK-1 (C-13)), Chinesc hamster (CHO-K 1),
guinea pig (104C1), rbbit (SIRC), dog IMDCK), cat (PG-4S+L-)),
cow {MDBK), pig (PK15), chicken (LMH) for amplification using the
universal primer pair. The amphified DNA fragments were run on a
1% agarose gel.
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ster, guinca pig. dog, cat, cow, pig, and chicken primers,  pair amplified cynomolgus monkey DNA, but the product
amplified the specific DNA only from the corresponding  could be readily distinguished from the rabbit-specific band
specics DNA. In the PCR using primer pairs specitic forrabbit  because of their differcnt sizes. The primer pair for African
and African green monkey, however, unexpected bands  green monkey also produced an approximately 300-bp-sized
appeared in addition to the predicted ones. The rabbit primer  band for cynomolgus monkey DNA. which was similar in size

Figure 3. Gel electrophoresis
of the second-PCR praducts for
14 species. The same cell lines
as in Fig. 2 were used. () DNA
of cach specics was subjected to
nested PCR using corresponding
specics-specific primer pairs in
the second PCR. The second-
PCR products were aligned in
size-order as a ladder. The am-
plification products were distin-
guished by the size. (B) Species
specificity of the nested PCR.
The 14 specics-derived DNA
was amplified with the universal
primicr pair and further amplified
with the second primer pair
indicated on the left side of each
photograph.
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S. hamster
C. hamster
guinea pig
chicken

mumle oup1 o

Figure 4. Gal clectrophoresis of multiplex-PCR products. The first
amplification products for 14 species DNA were subjected o
muttiplex PCR using the mixture ol seven species-specific primer
pairs as follows. Muitiplex group 1: the primer mixture for human,

to the African green monkey-specific product. This may be
caused by some degree of sequence similarity between
African green monkey and cynomolpgus monkey in the target
mitochondrial DNA. Indced. when the mixture of pnmer pairs
for Affican green monkey and cynomolgus monkey were
applicd to the second PCR, the nonspecific amplified product
from cynomolgus monkey DNA disappeared, possibly
because of competition of primer annealing to the target
DNA sequences (data not shown: see also the result in the
multiplex PCR section). Thus, it was confinned that the
nested PCR strategy is very useful for the identification of
14 species of DNA.

Multiplex PCR assay. For the simple and rapid identifi-
cation of 14 species of animals. multiplex PCR was
examined using primer mixtures in the second PCR. As a
result of testing many combinations, it was favorable that
the 14 kinds of species-specific primer pairs were divided
into two groups as follows: Group 1 contained primer pairs
for human, mouse, rat, rabbit, cat. cow. and pig. and Group
2 contained primers for cynomolgus monkey. African green

hamster
. hamster
uinea pig

C. monkey
1 A. monkey

multiplex group 2
mousc, rat. mabbit, cat, cow. and pig. Multiplex group 2: the primer
mixture for cynomolgus monkey, African green moukey, Syrian
hamster, Chinese hamster, guinca pig. dog, and chicken. The ¢cll
tines used for cach animal are the same as described in Fig. 2.

monkey, Syrian hamster, Chinese hamster, guinea pig, dog,
and chicken. Figure 4 shows the result of multiplex PCR.
These animal species, divided into the two groups, could be
clearly detected as species-specific bands. Most of the
amplification products were specific for each primer
mixture, but nonspecific bands were slightly abserved for
cynomolgus monkey and African green monkey when
multiplex group 1 was usced. These nonspecific bands were
readily distinguished from the specific ones according to
their sizes. Thus, it was found that multiplex PCR assay is
applicable to simultancous identification of 14 species of
animals by dividing into two groups. The method devel-
oped here is superior to the previous PCR methods (Naito
ct al. 1992; Hershficld et al. 1994; Parodi et al. 2002; Liu
¢t al. 2003; Steube et al. 2003) in identifying many kinds of
specics generally used for life science studies. In particular,
this method has a great advantage in distinguishing Chinese
hamster from Syriun hamster, as the cell lines such as CHO
and BHK derived from these two kinds of hamsters are
very popular for cell cultures.

A human DNA (ng) B mouse DNA (ng) C rat DNA (ng)
TR S S E p
&8 ‘_SOE "'SO = \-—‘_OL-O \—‘_an v—58m° ‘_f"O
o §8_533E88.533 28 _55¢588_ 533 88.52888.35238
1500 ; ; T s = " ‘
1000—
500
100 e : ; v
human multiplex mouse multiplex rat primer multiplex
primer group 1 primer group 1 group 1

Figure 5. Gel clectrophoresis of nested-PCR products for serially
diluted DNA. The sample DNA was extracted from the human AS49
cell line (A mouse WEHIL-3b cell line (8), and rmt Py-3Y$-82 cell
tine (67, and diluted senally to the nested PCR. The product bands

amplificd by single species-specific primer pairs are shown on the fefi
side and those by multiplex group | arc on the sight in cach
photograph.
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. ',:m_u)tiplex

multiplex . C

Figure 6. Gel clectrophoresis of nested-PCR products for interspecies
DNA mixtares. Two kinds of DNA, such as human and mause DNA
(4, B. ), human and rat DNA (D, E, F), and mousc and rat DNA (G,
H. I were mixed in various ratios for amplification with nested PCR.

Sensitivity of PCR assay. Serially diluted cellular DNA
was amplificd with the nested PCR using cither the
corresponding species-specific primer pair or the mixture
of seven species-specific primer pairs (multiplex PCR
described above) as the second PCR primer. Lach of the
14 species of DNA was detectable from at least 100 pg

4G12 RE.
bp Ma hybridoma wma N18-RE-105
1500 B8 .
1000- 4
500—
Q.. 4 2% P 2, S 7
% 0@ 000 (/% O(’-S‘ o (/%

Figure 7. Gel clectraphoresis of nested-PCR - products for DNA
derived from interspecies hybrid cell lines. DNA from 4G12
hybridomit thuman = mouse) and N18-RE-105 (mouse « rat) were
applicd 10 nested PCR. Muktiplex group 1 or the corresponding
spectes-specific primer pairs were used in the second PCR.
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The cell lines used were the same @ . In the second PCR, the

sin Fig. §
single species-specific praner pairs (A, B, D, E, G, 11y or the multipiex
group 1 (C, F, I) were used.

DNA/reaction by both PCR assays. Figure 5 shows the
sensitivity of the PCR assay, as an cxample, using DNA
prepared from human, mouse, and mt cell lines, which are
commonly used for cell culture experiments. The amount of
DNA required for identification of cach species was 10 pg/
reaction or mare for the single species-specific primer pair
as the second primer, and 100 pgsreaction or more for the
multiplex assay. The sensitivity of the multiplex assay was
somewhat low compared to the species-specilic single
primer.

ldentification of species from imerspecies DNA mixtures.
The possibility of cross-contamination or replacement off
cells exists during the process of cell preparation. As part of
the quality control of cell lines in the cell bank, it is very
important to verify the source species of cach derived cell
line. For that purpose. we attempted to identify the species
from interspecies DNA mixtures. Two species of DNA.
among human. mouse and rat, were mixed in various ratios
for the nested PCR. When the single species-specific primer
pair was used in the second PCR, each species of DNA was
sensitively detected even when two kinds of DNA were
present in the mixture. For example, when mousc-specific
primers were used. a mouse-specific band was deicected in
the DNA mixture composed of 100 ng human or rat DNA -+
10 pg mousc DNA (Fig. 64. G). Likewisc. in the case of
human-specific or rat-specific primers alone, their respee-
tive species-specific band was also detected at 10 pg DNA
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(Fig. 68, E. ). H). When group t of the multiplex primers
{seven species-specific primer pairs composed of human,
mousc, rat, rabbit. cat. cow, and pig) was uscd at the
standard  concentration (10 pmol cach species-specific
primer/50-pl reaction), the sensitivity apparently decreased
and there was considerable difference in the sensitivity for
human, mouse. and rat DNA (Fig. 6C, F, ). This may be
caused by the different amplification cfficiency of cach
species-specific primer in the simultancous reaction. In-
deed. by decreasing the ratio of human primer pairs relative
to the others, the sensitivity for mouse and rat DNA clearly
increased (data not shown). Thus, this method will likely
become a very uscful tool for quickly detecting cross-
contamination, and the sensitivity in the multiplex assay
will be further increcased by optimizing the concentration
and the ratio of species-specific primers.

Hyvbrid cell lines. We applied this PCR method to
onginal-species verification of interspecics hybrid cell lines.
The hybrid cell lines of 4G12 (human B lymphocytes »
mouse myeloma ccll line: Saito ct al. 1988) and NI1&-
RE-105 (mouse glioma cell line x rat neural retina celis;
Malouf ct al. 1984) were tested by isvenzyme analysis and
nested PCR. Although the original specics were confirmed
by isoenzyme analysis of both hybridomas between human
and mouse. and between mousc and rat, only the mouse-
specitic band was observed for both hybridomas by nested
PCR (Fig. 7). This result is consistent with the previous
reports that the mouse mitochondria dominate sclectively in
these hybrid cells, whercas humun or ral initochondria are
ultimately excluded from the hybrid cells (Attardi and
Attardi 1972; Yamaoka et al. 2001). The nested PCR
method targeted to the mitochondria genome was not
applicable to the parental specics identification of interspe-
cies hvbnid cells.
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