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CELL LINE INDIVIDUALIZATION BY STR MULTIPLEX SYSTEM IN
THE CELL BANK FOUND CROSS-CONTAMINATION BETWEEN
'ECV304 AND EJ-1/T24

Hideyuki TANABE, Yoko TAKADA, Daisuke MINEGISHI, Miharu KUREMATSU_,
Tohru MASUI and Hiroshi MIZUSAWA

JCRB Cell Bank, Division of Genetics and Mutagenesis, National Institute of Health Sciences, 1-18-1,
Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Abstract: - Short tandem repeat (STR) regions represent highly polymorphic microsatellite markers in
the human genome that have tandemly repetitive sequence elements of 2to 7 bp in length as a
unit. The application of STR regions to population genetics and personal identification has
been well studied. Recent technical advances have enabled us to analyze multilocus STR
regions simultaneously by a method, called the STR Multiplex system, that uses a single PCR
amplification in one tube. We established a new evaluation system for the identification of cell
lines based on an STR Multiplex method that uses 9 different loci: D55818, D135317, D75820,
D16S539, VWA, THO1, Amelogenin, TPOX, and CSF1PO. The STR profiling data from 96 cell
lines were examined and an efficiency of this approach for cell standardization was
found. Using this method, we have analyzed the STR profiles of human cell lines, ECV304, EJ-
1, and T24, recently reported by the DSMZ-German Collection of Microorganisms and Cell Cul-
tures to have been cross-contaminated. Our results clearly detect the cross-contamination
between ECV304 and EJ-1/T24. The cross-contamination was estimated to be derived from
the T24 cells. Collectively, the STR Multiplex system provides a rapid, precise, and powerful
method in cell line identification for quality control at the JCRB Cell Bank.

Key words: STR Multiplex system, Cell line identification, Cross-contamination, Cell Bank

information for cell line identification, however, it
Introduction has disadvantages of requiring large amounts of
time and DNA. Therefore, simpler and more con-
venient alternatives have been investigated.
Recently, an alternative method has been intro-
duced in using polymorphic microsatellite mark-
ers, called short tandem repeat (STR) regions,
which have tandemly repetitive sequence ele-
ments of 2 to 7 bp in length as an unit and are
available for PCR-based analyses® . In particu-
lar, trimeric and tetrameric STR regions have been
widely utilized in physical and genetic mapping of
. the human genome”, disease diagnosis, and per-
Address correspondence to: Hiroshi Mizusawa, Ph. D. Cell sonal identification®® in the medical and forensic
Bank, Div?sinn of Genetics anFi Mutagenesis National Institute of science. In addition, STR regions have been
Health Sciences 1-18-1, Kami-yoga, Setagaya Tokyo 158-8501, : . .

used in human race analyses in the population

The importance of establishing methods in
identifying the precise origin of cell-lines and in
inhibiting cross-contamination has become clear
since the reports of the widespread HelLa cell
contamination”. To date, not only cytological
analyses, including morphology, cytogenetics,
and isozyme-typing, but also molecular appro-
aches, such as DNA fingerprint/profiling methods®
using VNTR regions, have been developed and
used. Indeed, DNA profiling provides useful

Japan . _
Phone: +81-3-3700-9874 Fax: +81-3-3707-6950 QEHBTFCSQJD}- More recently, technical advances
E-mail: mizusawa@nihs.go.jp have enabled multilocus analysis of more than 8
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STR regions by one PCR amplification in a single
tube, termed the STR Multiplex system'™'?).
Application of the STR Multiplex system has greatly
benefited numerous fields of science, and its use
in the verification of cell lines as unique have been
attempted ',

In this study, we establish a new evaluation
system for cell line identification based on the STR
Multiplex method using 9 loci: D55818, D135317,
D7S820, D16S539, vWA, THO1, Amelogenin,
TPOX, and CSF1PQO. Further, we verify the iden-
tities of individual cultured cell lines deposited in
the JCRB Cell Bank. This new system conveys
digital code for each individual cell line as profiles
and is available for the comparison of STR profiles
of all other examined cell lines to check for cross-
contamination.

Deutsche Sammlung von Mikroorganismen
und Zellkurturen (DSMZ)-German Collection of
Microorganisms and Cell Cultures has reported
the cross-contamination' between the human cell
lines, ECV304'® and T24'”.  We investigated this
cross-contamination using cytogenetic analysis
and the STR profiles of ECV304, EJ-1', and
T24. EJ-1 was previously reported to be cross-
contaminated with T24 by HLA-typing analyses'®
and is now widely recognized as a delivertive of
the T24. Our investigations use not only chromo-
some analysis, but also STR profiles of these three
cell lines to evaluate how efficient this system is
and to verify the cross-contamination.

Materials and Methods

Cell lines and morphology

Ninety-six human cell lines from the JCRB Cell
Bank were examined in this study (Table 1). The
cellular morphology of ECV304, EJ-1, and T24 was
examined by light microscopy, using an Olympus
CK40 microscope, at passage 73, 7%, and 5%,
respectively (Asterisk indicates that the passage
numbers are counted after the cells were depos-
ited).

Cytogenetics and fluorescence in situ hybridization
(FISH)

Chromosome spreads were obtained from
cultured ECV304, EJ-1, and T24 cells according
to the conventional methanol / acetic acid method
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with modifications for a hypotonic solution as 0.2%
(W/V) sodium citrate / 0.06M potassium chloride.
Chromosome numbers per cell from 50 metaph-
ases were counted after Giemsa staining. QFH-
banded metaphase images were captured by a
cooled CCD camera (Photometrics PXL) and
superimposed on the same metaphase image
after fluorescence in situ hybridization (FISH)
and the FISH signals indicating chromosomal
localizations were detected. FISH, with human
chromosome 5-specific painting probe (Vysis;
SpectrumGreen-labeled whole chromosome
painting probe WCP#5), was carried out accord-
ing to the manufacture’s instruction with slight
modification®”. Captured FISH images were
colorized by a MultiFluor Electronic Photography
system (Biological Detection Incorporation). A
Zeiss Axiophot 2 microscope equipped with a 63x
Apochromato objective lens was used for
epifluorescence.

DNA extraction

Total genomic DNA was extracted from
the cell lines by a DNA extraction kit (GenTle solu-
tion kit, Takara Co., Ltd., Kyoto) according the
manufacturer’s instructions.

STR Multiplex system

The GenePrint PowerPlex1.2 System (Pro-
mega, Madison, WI) was used for performing STR
Multiplex analysis and all the procedures were
obtained from the technical manual’®. PCR
amplification was performed using the Perkin-
Eimer Gene Amp PCR System 9600 Thermal
Cycler. Approximately 1 to 2 ng template DNA
was included in each 25 ml reaction mixture
containing 1x Gold ST*R buffer, 1x primer pair
mixture, and 2.25 units of AmpliTag Gold DNA
polymerase. The cycling profile was as follows:
preheating at 95°C for 11 min, 96°C for 1 min, then
10 cycles of 94°C for 30 sec, 60°C for 30 sec, 70°C
for 45 sec; then 22 cycles of 90°C for 30 sec, 60°C
for 30 sec, 70°C for 45 sec; then 60°C for 30
min. Hela DNA template and nuclease-free wa-
ter were used as positive and negative controls,
respectively. This system contains two color fluo-
rescent (fluorescein and carboxy-tetramethylrho-
damine) primers that recognize the tetrameric
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repeat sequences of either 5’-AGAT-3' or 5’-AATG-
3, both of which can amplify 9 separate loci of
D55818 (5g21—q31), D13S317 (13922—>q31),
D75820 (7g11.21—>q11.22), D16S539 (16g24—
gter), VWA (12pter—p12), THO1 (11p15.5),
Amelogenin (Xp22.31—p22.1 and Yp11.2), TPOX
(2pter—p25.1), and CSF1PO (5933.3— q34).
Amplification products were examined by 2% aga-
rose gel electrophresis. The 26 ml reaction mix-
ture containing fluorescent allelic ladder (internal

standard) 1ul, deionized formamide 24 ul, and

PCR product 1ul was prepared and the Gene Scan
was performed by an ABI PRISM 310 Genetic
Analyzer. Fluorescent peaks were detected and
displayed by ABI PRISM Gene-Scan Analysis soft-
ware Ver2.1.1. Each allele was assigned a spe-
cific typing by Genotyper software (Perkin-Elmer
Applied Biosystems) and represented with the
peak positions as 1 and all other non-peak posi-
tions as 0. Digital code with a total of 76 figures
was constructed as STR profiling data for each cell
line. To determine similarity between STR profiles
from two different cell lines, we defined an evalua-
tion value (EV) as follows:

EV = (Number of coincident at figure “1") x 2 /
(Total number of figure “1” in cell A + Total
number of figure “1” in cell B)

Results

Cellular morphology and cytogenetics

The ECV304 cell line was derived from human
umbilical cord endothelial cells derived by spon-
taneous transformation' and deposited into the
JCRB Cell Bank in 1991 (JCRB0744). EJ-1 and
124 cell lines were derived from human bladder
carcinomas'”'® deposited in 1985, and distrib-
uted as JCRB0710: EJ-1 and JCRB0O711: T24. As
shown in Figure 1, the three cell lines possess
slight morphological differences, although all are
epithelial-like in shape. The three cell lines were
found to be hypertriploid, with chromosome num-
ber distributions from 62 to 132 in ECV304 and EJ-
1, and from 78 to 95 in T24, resulting in no remark-
able differences was implied. The chromosome
modal numbers of ECV304, EJ-1, and T24 were
73 (14%), 86 (10%), and 83 (16%), respectively.
QFH-banding results demonstrate the absence of

333

ECV304 - (x10)

. bt

Figure 1. Cellular morphology Light micrographs of
the cellular morphology of the three cell lines:
ECV304, EJ-1, and T24.
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Figure2. QFH-banding and FISH with WCP#5 QFH-banded metaphase chromosomes of three cell lines, (a) ECV304,

(c) EJ-1, and (e) T24 are shown.

regions.
in ECV304 only.

FISH with WCP#5 was performed after QFH-banding, and the same metaphase
images of (b) ECV304, (d) EJ-1, and (f) T24, respectively, are shown.

Asterisks indicate the localization of painted

Insets show the translocated chromosome 5, with its breakpoint at 531 indicated by arrows, observed
The specific deleted distal region of 5g31 includes two STR markers, D55S818 and CSF1PO,

which are located on 5g21—>31 (green bar) and 5933.3—+q34 (red bar), respectively. These two markers show
single allele peaks in the STR pattern (Fig. 3) of ECV304 only, suggesting a relationship between the chromosomal

deletion and the two STR loci.

a brightly stained quinacrine-positive Y chromo-
some in all three cell lines (Fig. 2a, c, e). FISH
using the WCP#5 probe resulted in 7 to 8 signals
per cell in all three cell lines. However, only
ECV304 possessed a specific partial deletion of
distal region of long arm at band 5g31(qgter
accompanying the translocation (Fig. 2b, d, f).

STR Multiplex system

Each allele of the 9 examined loci, in addition
to 3 other loci examined in the three cell lines, rep-
resented fluorescent peaks and specific typing
was assigned, by comparing the position of the
allelic ladder of an internal standard, and graphi-
cally displayed (Fig. 3). The peak positions were
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represented as 1, and all other non-peak positions
were represented as 0. A digital code with a
total of 76 figures was produced that represented
the STR profiling data for each cell line (Table
1). By examining the degree of matching of STR
profile patterns between two cell lines, namely the
evaluation value (EV), we found cross-contamina-
tion between the cell lines. Our results suggest
that STR profile patterns among the three cell
lines revealed identical typing patterns in all 12
loci, with the exception that one allele deletion was
observed in ECV304, in both D55S818 (5g21—q31)
and CSF1PO (5933.3—>q34) loci on chromosome
5(Figs. 2,3, Table 1). The EV was 0.917 between
ECV304 and EJ-1/T24 and 1.00 between EJ-1 and
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Figure 3. STR graphical representation

j

An example of the graphical representation of the STR patterns of ECV304,
EJ-1, and T24. The upper low represents the internal standard of the allelic ladder as posision markers.

Note

that all loci have identical peak positions among three cell lines except for the marker, CSF1PO in this figure, which
indicate the loss of one allele in ECV304 as well as an additional loss appearing in the D55S818 marker(data not

shown).

T24. The distribution of EVs in our comparison of
ABC-1 and all other 95 cell lines was from 0.10 to
0.70. However, when we compared ECV304 and
the same cell line group, the distribution was from
0.10to 1.00 (Fig. 4). This result suggests that the
range of 0.8 or more is critical to the case for cross-
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contamination, and if the EV distribution appears
in that range in other comparison groups, we con-
sider cross-contamination likely.

Discussion

While the power of exclusion (PE) value for
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Figure 4. Distribution of evaluation values (EVs) in two comparison groups An example of the distribution of cell
numbers in relation to evaluation values (EV) in two different comparison groups is demonstrated. EJ1, T24 and
ECV304 appear at the EV range between 0.9 and 1.0 when the cells were compared with ECV304 (shaded

bar).
contamination expected).

each STR locus is small, the PE value can be
increased greatly by combining several STR
loci. For example, in Caucasian-Americans, the
matching probability is 1/1.14x10° in 8 STR loci,
and is 1/3.03x10"" in 12 STR loci'®. Among the
ECV304, EJ-1, and T24 cell lines, STR profiles pos-
sessed identical typing patterns in all 12 loci,
except for a single allele deletion that was
observed in ECV304 only, at both D5S818 (5g21
—g31) and CSF1PO (5933.3—q34) loci on the
chromosome 5 (Figs. 2, 3, Table 1). In addition,
the EV distribution of the above three cell lines
indicated a high range of from 0.9 to 1.0 (Fig.
4). These results are consistent with reports from
DSMZ and a confirmation of the cross-contamina-
tion of ECV304. According to the descriptions of
establishment of these cell lines™ ¥, the sexual
origin of T24 is female, but that of both EJ-1.and
ECV304 is male origine. These descriptions con-
tradict our evidence that QFH-banding resulted in
no brightly stained quinacrine-positive Y chromo-
some in three cell lines, and the only X allele peaks
in all three cell lines were detected in the
Amelogenin locus. This suggests that the three
cell lines have no Y chromosome. However,
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since the Y chromosome is highly inclined to
delete itself during culture passages (26 cases /
38 cases,; 68.4% in Table 1), these results do not
exclude the possibility of a male origin for both cell
lines. Previous reports of EJ-1 cross-contamina-
tion with cells of a T24 origin are consistent with
our STR profiling and EV distribution data.
Together, these findings suggest that the cross-
contamination of ECV304 found by DSMZ indi-
cates a T24 origin and is the same as an EJ-1
origin. In addition, the date of contamination is
considered to be at very early stages, since the
STR profile pattern at passage 73 is identical with
at passage 10 (Table 1).

From the results of FISH analysis with the
WCP#5 probe, the deleted allele of both D55818
and CSF1PO loci in ECV304 correlates well with
the region of a partially deleted region of chromo-
some 5 (Fig. 2, insets). This suggests that the
deleted allele that carries the two STR loci corre-
sponds to a chromosomal deletion of the distal
region at 5g31 (Figs. 2, 3). This deletion might
be the specific event that occurred in ECV304 in
early stages, and it is an interesting examples of
the production of different patterns in the STR pro-
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files from cells of the same origin. As in this case,
chromosomal analyses provides important infor-
mation.

The STR Multiplex system provides a rapid
and reliable method of cell identification and
reveals cross-contamination immediately by
means of an evaluation test system developed in
the present study. Combining chromosomal
analyses with STR profiling data, the STR Multi-
plex system provides us with a more informative
characterization of the cell lines. Further informa-
tion of the current status of STR data will be avail-
able through the web site (http://cellbank.
nihs.go.jp/) and we hope it will be of value for
investigators.

Acknowlegments

This study was supported by the grant-in-aid
for the human genome and gene therapy program
from the Ministry of Health and Welfare of
Japan. We would like to thank Drs. Hayashi, M.
and Honma, M. for their suggestions to this study.

References

1) Culliton, B. J.: Hela cells: Contaminating culture
around the world. Science, 184, 1058-1059, 1974.
2) Honma, M., Kataoka, E., Ohnishi, K., Ohno, T.,
Takeuchi, M., Nomura, N., and Mizusawa, H.: A new
profiling system for cell line identification for use in cell
banks in Japan. In Vitro Cell Dev. Biol., 28A, 24-28,

1992.

3) Edwards, A., Civitello, A., Hammond, H. A., and
Caskey, C. T.: DNA typing and genetic mapping with
trimeric and tetrameric tandem repeats.  Am. J. Hum.
Genet., 49, 746-756, 1991.

4) Edwards, A., Hammond, H. A., Jin, L., Caskey, C. T.,
and Chakraborty, R.: Genetic variation at five trim-
eric and tetrameric tandem repeat loci in four human
population groups. Genomics, 12, 241-253, 1992.

5) Warne, D., Watkins, C., Bodfish, P., Nyberg, K., and
Spurr, N. K.: Tetranucleotide repeat polymorphism
at the human beta-actin related pseudogene 2
(ACTBP2) detected using the polymerase chain
reaction. Nuc. Acids Res., 19, 6980, 1991,

6) Hammond, H. A, Jin, L., Zhong, Y., Caskey, C. T,
and Chakraborty, R.: Evaluation of 13 short tandem
repeat loci for use in personal identification appli-
cations. Am. J. Hum. Genet., 55, 175-189, 1994.

7) Lygo, J. E., Johnson, P. E., Holdaway, D .J.,
Woodroffe, S., Whitaker, J. P., Clayton, T. M., Kimpton,

337

C. P., and Gill, P.:
repeat (STR) loci for use in forensic casework.
Leg. Med., 107, 77-89, 1994.

8) Micka, K. A., Sprecher, C. J., Lins, A. M., Theisen-
Comey, C., Koons, B. W., Crouse, C., Endean, D.,
Pirelli, K., Lee, S. B., Duda, N., Ma, M., and Schumm,
J. W.: Validation of multiplex polymorphic STR
amplification sets developed for personal identifica-
tion applications. J. Forensic Sci., 41, 582-590, 1996.

9) Puers, C., Hammond, H. A., Jin, L., Caskey, C. T.,
and Schumm, J. W.: Identification of repeat se-
quence heterogeneity at the polymorphic STR locus
HUMTHO1[AATG]n and reassignment of alleles in
population analysis using a locus-specific allelic
ladder. Am. J. Hum. Genet., 53, 953-958, 1993.

10) Huang, N. E., Schumm, J. W., and Budowle, B.:
Chinese population data on three tetrameric short tan-
dem repeat loci — HUMTHO1, TPOX, and CSF1PO —
derived using multiplex PCR and manual typing.
Forensic Sci. Int., 71, 131-136, 1995.

11) Lins, A. M., Micka, K. A., Sprecher, C. J., Taylor, J.
A., Bacher, J. W., Rabbach, D. R., Bever, R. A., Creacy,
S. D., and Schumm, J. W.: Development and popu-
lation study of an eight-locus short tandem repeat
(STR) multiplex system. J. Forensic Sci., 43, 1168-
1180, 1998.

12) Promega Corporation. GenePrint PowerPlex1.2
System Technical Manual, Part# TMDOO9 (revised 9/
98). Madison, WI, 1998.

13) King, B. L., Lichtenstein, A., Berenson, J., and
Kacinski, B. M.: A polymerase chain reaction-based
microsatellite typing assay used for tumor cell line
identification. Am. J. Pathol., 144, 486-491, 1994,

14) Saeki, H. and Kudo, T.:  Discrimination of cultured
human cell lines by PCR with GammaSTR Quadriplex.
Tiss. Cult. Res. Commun., 18, 125-129, 1999,

15) MaclLeod, R. A., Dirks, W. G., Matsuo, Y., Kaufmann,
M., Milch, H., and Drexler, H. G.: Widespread in-
traspecies cross-contamination of human tumor cell
lines arising at source. Int. J. Cancer, 83, 555-563,
1999.

16) Takahashi, K., Sawasaki, Y., Hata, J., Mukai, K., and
Goto, T.: Spontaneous transformation and immortal-
ization of human endothelial cells. In Vitro Cell Dev.
Biol., 26, 265-274, 1990.

17) Bubenik, J., Baresova, M., Viklicky, V., Jakoubkova,
J., Sainerova, H., and Donner, J.: Established cell line
of urinary bladder carcinoma (T24) containing tumour-
specific antigen. Int. J. Cancer, 11, 765-773, 1973.

18) Marshall, C. J., Franks, L. M., and Carbonell, A. W.:
Markers of neoplastic transformation in epithelial cell
lines derived from human carcinomas. J. Natl. Can-

The validation of short tandem
Int. J.



Hideyuki Tanabe et al.

cer Inst., 58, 1743-1751, 1977.

19) QiToole, C. M., Povey, S., Hepburn, P., and Franks,
L. M.: ldentity of some human bladder cancer cell
lines. Nature, 301, 429-430, 1983.

20) Tanabe, H., Ishida, T., Ueda, S., Sofuni, T., and

Mizusawa, H.:

Regional assignment of the human

338

immunoglobulin processed pseudogene Ce3 gene
(IGHEP?2) to 9p24.2—p24.1 by fluorescence in situ
hybridization. Cytogenet. Cell Genet., 66, 93-95,
1994,
(Received 2 December 1999 and Accepted 12 January
2000)



