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Glioma cell lines are an important tool for research in
basic and translational neuro-oncology. Documentation
of their genetic identity has become a requirement for
scientific journals and grant applications to exclude
cross-contamination and misidentification that lead to
misinterpretation of results. Here, we report the stand-
ard 16 marker short tandem repeat (STR) DNA finger-
prints for a panel of 39 widely used glioma cell lines as
reference. Comparison of the fingerprints among them-
selves and with the large DSMZ database comprising 9
marker STRs for 2278 cell lines uncovered 3 misidenti-
fied cell lines and confirmed previously known cross-
contaminations. Furthermore, 2 glioma cell lines exhib-
ited identity scores of 0.8, which is proposed as the
cutoff for detecting cross-contamination. Additional
characteristics, comprising lack of a B-raf mutation in
one line and a similarity score of 1 with the original
tumor tissue in the other, excluded a cross-contamin-
ation. Subsequent simulation procedures suggested
that, when using DNA fingerprints comprising only 9
STR markers, the commonly used similarity score
of 0.8 is not sufficiently stringent to unambiguously dif-
ferentiate the origin. DNA fingerprints are confounded
by frequent genetic alterations in cancer cell lines, par-
ticularly loss of heterozygosity, that reduce the inform-
ativeness of STR markers and, thereby, the overall
power for distinction. The similarity score depends on
the number of markers measured; thus, more markers
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or additional cell line characteristics, such as informa-
tion on specific mutations, may be necessary to clarify
the origin.
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lioma cell lines are a major tool to uncover mo-
Glecular mechanisms relevant for malignant be-

havior of gliomas and are used as in vitro or in
vivo models to identify and test novel targets for
therapy. The research community has become aware
that cross-contamination of cell lines is common and
a major problem leading to misinterpretation of
results.”” Recently, the mix up of cell lines in the brain
tumor field has received wide coverage.>* New stan-
dards for the authentication of human cell lines using
short tandem repeat (STR) profiling have been pro-
posed,™* and many major journals and research agencies
now require authentication of cell lines for publication
or grant applications, respectively.

Here, we provide 16 marker DNA fingerprints as ref-
erence for 39 widely used glioma cell lines in accordance
with worldwide database recommendations of identity
testing (15 STR markers plus the amelogen sex-
determining marker).” Moreover, we propose a simula-
tion procedure to better differentiate between identical
or just similar cell lines.®” In fact, similarity scores are
confounded by the notorious genetic instability of
tumor cell lines with frequent loss of heterozygosity, re-
ducing the informativeness and, thereby, the complexity
of the DNA fingerprints, thus lowering the power for
discrimination.
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Material and Methods

Glioma Cell Lines and Glioma Derived Sphere Lines

Thirty-six permanent glioma cell lines were cultured as
described previously.® Of these, 33 cell lines have been
characterized previously for common genetic altera-
tions, including TP53, PTEN, and p16/ARF, and their
potential to form tumors in the flanks of nude mice.®
The same reference® details the origin of each of these
cell lines. The glioma cell line BS-153 was kindly pro-
vided by Adrian Merlo.” Three lines are glioma-derived
sphere lines (LN-2540GS, LN-2683GS, LN-2826GS)
kept under stem cell conditions, as described else-
where.'® For 2 new adherent cell lines (LN-2207,
LN-2669), we have also respective glioma-derived
spheres lines (LN-2207GS, LN-2669GS). The 24 cell
lines with the prefix “LN” have been established in
our laboratory.

STR Fingerprinting

DNA was isolated from cell lines using a standard DNA
isolation kit and from paraffin embedded tissue sections
using the Ex-Wax DNA extraction kit (Millipore). The
DNA fingerprinting was performed by STR profiling.
DNA amplifications were made using the PowerPlex 16
HS kit (Promega) according to the manufacturer’s recom-
mendations. The primers of the kit amplify 15 tetranu-
cleotide repeat loci plus the amelogenin (AMEL)
sex-determining marker. The combination of this set of
markers is in accordance with worldwide database
recommendations of identity testing.’ A genetic analyzer
ABI 3100 (Applied Biosystems) was used to separate and
identify the alleles using standard procedures. The results
were confirmed in an independent experiment. For com-
parisons, STR-fingerprints from cell lines were
downloaded from the German Collection of
Microorganisms and Cell Cultures (DSMZ) database
(http: //www.dsmz.de/fp/cgi-bin/str.html), which com-
prises 9 marker profiles (8 STR markers plus the AMEL
marker) of 2289 cell lines from DSMZ, American Type
Cell Culture (ATCC), Japanese Collection of Research
Bioresources (JCRB), and RIKEN. In addition, we
obtained the 16 marker (15 STR + AMEL) profiles of
the NCI-60 cell line panel that has been published recent-
ly.” These profiles were established with the same stand-
ard marker set used in this study.

Gene Analysis

The cDNA of the TP53 gene was sequenced using
Sanger sequencing with previously published primers®
(Microsynth). PTEN mutation analysis was performed
using Sanger sequencing of the coding sequence (exons
1-9) including intron/exon boundaries, and gene
dosage analysis was performed using multiplex ligation-
dependent primer amplification (MLPA assay P158-B1,
lot 0509, MRC Holland). Primer sequences are available
on request. Determination of p16/ARF deletions in the
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sphere lines are based on array CGH data.'® B-raf muta-
tion analysis of codon 600 was evaluated using diagnos-
tic pyro-sequencing in the laboratory of Molecular
Pathology at the Lausanne University Hospital
(Lausanne, Switzerland).

Statistics

The fingerprint profiles were summarized by binary vari-
ables in which the values one and zero correspond to the
presence or absence of a signal (or peak), respectively.
To determine pairwise similarity between profiles, we
used the Serensen index,'"*'* which corresponds to the
similarity index for DNA fingerprinting described by
Lynch et al.'"? and the evaluation value used in
Tanabe et al.” We used asymmetrical coefficients to
limit the effect of double zeros (double absences).
The similarity score between 2 profiles can be defined
as follows:

5, = 2nyy
ny +ny

where 7,,, 1., and n, correspond to the number of peaks

common to both samples x and y, the number of peaks

of sample x, and the number of peaks of the sample

y. All details on their proprieties and implementation

have been described elsewhere.'*'*

To analyze the robustness of thresholds proposed in
the literature,®” we performed data resampling to simu-
late the distribution of similarity indices for unrelated
cell lines in each dataset separately. The simulation con-
sisted of 3 steps (Supplementary material, Fig. S1): (1)
for each marker, a genotype was randomly sampled,
with repetition from the set of observed genotypes
from the same collection; (2) the procedure was repeated
to obtain # random profiles, where 7 corresponds to
number of cell lines in the dataset; and (3) the similarity
index was computed for each pair of the random pro-
files, providing (n x n —n)/2 values. The maximal
simulated similarity (MSS) was defined as the upper
limit of the simulated similarity values. Graphical repre-
sentations, such as histogram and quantile-quantile rep-
resentation (QQ-plot),"”” were used to illustrate the
comparison between the distributions of the observed
and the simulated similarity index values.

For the glioma cell line panel and the NCI-60 dataset,
a second resampling procedure was used to analyze how
discrimination improves by increasing the number of
markers and to determinate saturation curves for the
MSS value. The simulation was done using the afore-
mentioned procedure. After 100 repetitions, MSS empir-
ical distributions were summarized by medians, means,
and 95% confidence intervals for MSS by using the per-
centile method.'®'” Standard deviation (SD) and
median absolute deviation (MAD) were used to evaluate
the accuracy of the MSS estimation. Analyses and graph-
ical representations were performed using R-2.13.1 and
the R package MASS.'®
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Table 1. Sixteen marker STR genotypes of the glioblastoma cell lines
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Cell lines AMELO? CSF1PO? D135317° D165539° D18551 D21511 D351358 D55818%
LN-18 X, Y 12 12,13 11,13 17,19 28 15,16 11,13
LN-71 X 11,12 12,13 1,9 13 29,31.2 18 12
LN-215 X 10, 11 14 12,9 14,16 29 14,17 12
LN-229 X 12 10, 11 12 13,15 29, 30 16,17 11, 12
LN-235 X, Y 11,12 9 1 13,16 29, 32.2 15,17 11,12
LN-Z308 X, Y 11,12 11,13 12,9 13, 19 31,31.2 15 12
LN-319 X, Y 10 12 11, 12 14,19 30, 31 16,17 1
LN-340 X, Y 11 11,12 11,14 14,18 28, 32.2 15 11,12
LN-382T X 10, 11 13 12,9 15,16 30, 31.2 14,18 11
LN-401 X, Y 11 12,13 9 18 31.2 16,17 12,13
LN-405 X 10, 11 8 10 12,15 29,31.2 14 11,12
LN-427 X, Y 11,12 12 11, 12 12,15 28 15, 16 10, 12
LN-428 X, Y 10 8 9 13,17 30, 31 16,17 11,13
LN-443 X 10, 12 8 10, 11 15, 16 28, 30 15,17 12,9
LN-444 X 10, 12 8 10, 11 15,16 28,30 15,17 12,9
LN-464 X 11 11,13 1 16 28 16 12
LN-751 X, Y 10, 11 11,12 11,12 12,14 30, 32.2, 33.2 17 1,9
LN-827 X 10, 11 11 12,13 12 28, 32 15,17 11,12
LN-992 X, Y 10 12 11,12 14,19 30 17 1
US7MG X 10, 11 11,8 12 13 28,32.2 16,17 11,12
U118MG X 11,12 11,9 12,13 13 27,32.2 15 11
U138MG X, Y 12 11,9 12,13 13 27,32.2 15 1
U178MG X, Y 10, 12 11 10, 13 14, 15 28, 30 17 12,13
U251MG X, Y 11,12 10, 11 12 13 29 16 11,12
U343MG X, Y 10, 12 13,9 12,9 23 31,33.2 15,17 12,13
U373MG X, Y 11,12 10, 11 12 13 29, 30 16,17 11,12
D247MG X 11,9 10, 8 12,9 15,17 30 17,18 10, 12
T98G X, Y 10, 12 13 13 13,16 28,32.2 16 10, 12
Hs683 X, Y 13,9 12,8 10, 9 12,14 27,33.2 14,16 11,12
A172 X, Y 12,9 11 12 12,13 28, 32.2 14,18 11,12
SF188 X, Y 12 13 1 17 31 15, 18 11,14
SF763 X 9 10, 12 10 16 27,30 15 12
SF767 X 11 11,13 12,13 12 30, 31 16 12
BS153 X 10, 12 12 9 12,17 28, 29 17 11,13
LN-2207 X, Y 10, 11 11,12 12 11,14 30, 31 14,16 11,12
LN-2540GS X, Y 11 11,13 11, 12 16 29, 31 16,18 11
LN-2669 X, Y 11,13 11,12 10, 13 16 30, 31.2 14,15, 16 1, 12
LN-2683GS X 11,12 10, 8 12 16, 19 30, 31 15 10, 12
LN-2826GS X, Y 10, 11 8 11, 12 12, 20 28,31.2 17 13
Cell lines D75820° D851179 FGA PENTAD PENTAE THO1? TPOX? VWA?
LN-18 10, 8 12,14 19, 23 11 10,7 9 8 17,18
LN-71 10,9 15 21,22 10, 13 12,14 8 8 19
LN-215 10 10, 14 22,25 13,9 1,7 8 8 18
LN-229 11,8 13,14 23 10, 11 16,7 9.3 8 16,19
LN-235 10, 12 14,15 22 11,12 14,15 7.9 8 17
LN-Z308 10, 12 13, 8 18, 20 11,9 10, 7 9.3 8,9 15,17
LN-319 9 12 19, 26 13,9 15,17 9,93 12,8 15,18
LN-340 11,12 14 21,25 12,15 5,9 7,93 8 17
LN-382T 1,8 13,9 24,25 12 10 9,93 8 16,18
LN-401 10,9 10, 13 22,24 13 13,15 7.8 8 14,19
Continued
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Table 1. Continued

Cell lines D75820% D851179 FGA PENTAD PENTAE THO1? TPOX? VWA?
LN-405 11,9 13 22,24 11,8 17 8,93 11,8 15, 16
LN-427 8,9 11,13 23,24 8,9 11 8,93 11,8 17
LN-428 12,8 12,13 20, 25 13 14,16 8,93 11,8 16
LN-443 10 13,14 21,23 11,12 13,7 7,9 8 18, 19
LN-444 10 13,14 21,23 11,12 13,7 7,9 8 18, 19
LN-464 10, 13 12,13 22 9 10, 14 9 12,9 14,17,18
LN-751 10, 12,9 13,14 18, 22 11,13.1, 14 14,15 6,9 11,8 17,18, 20
LN-827 12,9 12 23 10, 13 10, 12 6,93 12,8 17,19
LN-992 9 12,122 19 13,9 15,17 9,93 12,8 15,18
U87MG 8,9 10, 11 18, 24 14,9 14,7 9.3 8 15,17
U118MG 9 14,15 23 10, 13 7 6 8 18
U138MG 9 14,15 18, 23 13,9 7 6 8 18
U178MG 10 13,14 22,26 12,7 12,7 7 11,8 18, 19
U251MG 10, 12 13,15 21,25 12 7 9.3 8 16,18
U343MG 11,9 13,14 19, 20 10,9 10, 12 6,93 8,9 17
U373MG 10, 12 13,15 21,25 10, 12 10,7 9.3 8 16,18
D247MG 13,9 15 24,27 11,12 13,18 6,9 11,9 17,18
T98G 10, 9 13,14 21 10, 11 16 7,93 8 17,20
Hs683 11 12,13 212,22 13,14 13,15 6,8 11,8 18, 20
A172 11 13,14 20, 22 13,9 10,5 6,93 11,8 20
SF188 10, 8 13,15 22,222 14 10, 13 9.3 11,8 16,17
SF763 11,12 13,14 22 11,12 13,5 9 10, 11 16,17
SF767 10, 9 14 23 14,9 12,14 8,93 10, 8 15,17
BS153 11,9 13 21,22 14,9 7 6,9 11 15,18
LN-2207 8 11,13 22,23 12,13 11,12 7,9 8,9 16,17
LN-2540GS 10,9 12,15 23 11,9 11 10, 8 8 15,17
LN-2669 8,9 11,13 24 13 12 8,93 11,8 15,17
LN-2683GS 11 10, 14 22,232 13,14 10 7,93 12,8 14,18
LN-2826GS 11 13,14 21,24 11 11,5 6,7 11,9 14,17

#indicates the 9 markers used in the DSMZ database.

Results

Pairwise Comparisons of 39 Established Glioma Cell
Lines Using 16 Marker Fingerprinting

The DNA fingerprint profiles of 39 glioma cell lines are
shown in Table 1. For 5 previously uncharacterized cell
lines, information on mutations in TP53 and PTEN,
p16/ARF copy number status, and tumorigenicity in
nude mice is available in Supplementary material,
Table S1. The pairwise comparison of fingerprints
depicted in Fig. 1 revealed 4 matched pairs with similar-
ity scores >0.9. Of the 24 cell lines established in our la-
boratory (LN lines), 4 lines were actually 2 pairs.
Analysis of original tumor tissues available established
that LN-319 is a tumorigenic subclone of LN-992,
which is not tumorigenic in nude mice.*'? In accord-
ance, both lines carry the same TP353 hotspot mutation
in codon 175 (CGC to CAC) and the same PTEN muta-
tion in codon 15 (AGA to AGT),® reconfirmed in the
present study. Similarly, cell line LN-443 is a subline
of LN-444, and accordingly, both lines contain the
same PTEN mutation (splice deletion exon 5) and are

704 NEURO-ONCOLOGY < JUNE 2012

wild-type for TP53.® One cell line, LN-751, exhibits
several markers with 3 alleles that may reflect microsat-
ellite instability, which is found in <10% of glioblast-
oma, usually associated with pediatric glioblastoma.*’
Contamination with another glioma cell line is unlikely,
because in this series, it was the only cell line with a
homozygous TP53 CGT to TGT mutation in codon
273 and a silent mutation in codon 128 of p16.%

From the 15 glioma cell lines established by other
laboratories, the cell lines U118MG and U138MG
were identified as being of the same origin, similarly to
U251 and U373, as has been reported previously.”*%*!
Respective alerts are posted on the ATCC website for
misidentified cell lines.

Comparison with DNA Fingerprints of 2289 Cell Lines
in the DSMZ Database 9 Markers

The fingerprints established for the set of 39 GBM cell
lines were compared with the 9-marker fingerprint data-
base of DSMZ and ATCC. All cell lines with a similarity
score >0.8 to any of our characterized glioma cell lines
were extracted, and respective pairwise comparisons are


http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nos072/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nos072/-/DC1
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Fig. 1. Heatmap based on the Sgrensen similarity index between cell lines of the glioma cell line panel. The similarity index was computed
using the 16 marker set (15 STR markers + AMEL) on 39 glioma cell lines (Glioma-CL) (Table 1). Color key and density plot are provided in
the additional graphic (/eft). Similarity values estimated between cell lines with different origin are comprised in the range from 0.1 (dark
blue) to 0.7 (yellow). High similarity values (range, 0.9-1.0) are observed for cell lines with same origin and correspond to the red and

dark red squares.

shown in Fig. 2. We confirmed the fingerprints of the cell
lines LN-405 (score, 0.93; DSMZ# ACC189), LN-18
(score, 1; CRL-2610), and LN-229 (score, 1;
CRL-2611) that the laboratory deposited with DSMZ
and ATCC, respectively, or cell lines that we had
obtained from ATCC originally, such as U87 (score,
1). Similarly, the in vitro genetically modified cell lines
derived from LN-Z308 (LNZTA3WT4 and 11,
CRL-11543 and 44) that have been deposited were iden-
tified with scores of 0.97.

However, the identity score of 1 for SF767 and
ME-180 (HTB-33) identifies a potential cross-
contamination. ME-180 is a squamous cell carcinoma
cell line of the cervix reported positive for human papil-
lomavirus.>> No reference DNA fingerprint of SF767
was available online. We are not aware that ME-180
was ever used or even present in our laboratory.

In contrast, the U373MG identity scores of 0.9 or 1
shared with the cell lines SNB-19, U-251MG, KN-S89,
B2-17, and TK-1 confirms respective alerts placed on
the Web sites of the databases of ATCC, DSMZ,
JCRB, or COSMIC. The similarity (score, 0.9) of
GOS-3 (ACC#408) with U-343MG is in accordance
with an annotation on the respective DSMZ Web site.

Cell line LN-235 exhibited a similarity score of 0.8
with the melanoma cell lines IGR-37 and IGR-39,

which are both from the same patient (DSMZ# ACC
237 and 239). There was no original tumor tissue avail-
able from LN-235. However, IGR-37 and IGR39 are
known to contain the classic B-raf mutation (V600E)
commonly found in melanoma,?®** which is absent in
LN-235, as determined by diagnostic pyrosequencing.
Of surprise, LN-2207 had a similarity score of 0.81
with the lymphoblastic cell line Cess (ATCC# TIB-190).
A potential contamination could be excluded, because
LN-2207 exerted a fingerprint identical to its respective
original tumor tissue.

This extract based on similarity in addition illustrates
the redundancy of the DSMZ database with multiple
entries of cell lines that, however, may reflect different
passage number/clones, as suggested by minor differ-
ences of similarity.

Evaluation of Similarity Scores for Cell Lines

As shown above, a similarity score of 0.8, as suggested in
the literature,®” is not sufficient to reliably discriminate
between same or different origin if only a 9-marker
DNA fingerprint is available. Indeed, this cutoff can be
used to detect cross-contamination, but our simulations
creating similar sized datasets show that this value can
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Fig. 2. Heatmap based on the Serensen similarity index computed between the DSMZ dataset and the glioma cell line panel for markers
containing similarity values superior to the cutoff of 0.8. The similarity index was computed on the 9 marker set (8 STR markers +
AMEL). Colour key and density plot are provided in the additional graphic (at left). Similarity values estimated between cell lines with
different origin are included in the range 0.1 (dark blue) to 0.7 (yellow). High similarity values observed (range, 0.9-1.0) for cell lines
with same origin correspond to the red and dark red squares. The similarity score of 0.8 (orange) may or may not reflect similarity (see
text for details). Of note, multiple cell lines with identity scores of 0.9 or 1 are extracted from the DSMZ database. Some identify
redundant entries, while others reflect genetically modified cell lines of the same origin, or previously known misidentifications. However,
1 previously unknown identity was uncovered between SF767 and ME-180 with a score of 1, suggestive of cross-contamination. (See

text for explications)

be observed between 2 profiles randomly rearranged.
After random rearrangement of 9 markers in the
glioma cell line collection, we observe that 1 similarity
value was >0.8 (Fig. 3A) and 8 were >0.7. In contrast,
we strictly detected no similarity values >0.7 between 2
random profiles when we consider all markers (Fig. 3B).
The median MSS was ~0.8 for the glioma cell line
dataset and the NCI-60 dataset when only 9 markers
were kept that are also available in the DSMZ database.
We observed that the median MSS was ~0.9 for the
DSMZ dataset comprising a large number of cell lines
(Fig. 3C and D and Table 2). Consequently, the cutoff
of 0.8 can be used to detect potential cross-
contamination, but it is not sufficient to prove or dis-
prove same identity of 2 cell lines. In contrast, when
we increased the number of markers (e.g., 16 markers)
(Fig. 3B-E), we observe that it was unlikely to obtain
a similarity score of 0.8 between random profiles
(Table 2). Typically, when using the 16 marker glioma

706 NEURO-ONCOLOGY < JUNE 2012

cell line dataset and the 16 marker NCI-60 panel, the
QQ-plot representations showed that the cutoff values
between observed and random distributions were
~0.64 (Fig. 3E and Table 2).

Saturation curves obtained by our second simulation
procedure clearly showed the importance of the number
of markers in the computation of the similarity between
DNA fingerprint profiles (Fig. 4). Median and mean of
MSS values were ~0.78 for the glioma cell line dataset
and ~0.74 for the NCI-60 panel for 9 markers, and the
cutoff of 0.8 is included in the confidence intervals
around the median and the mean of MSS values. In other
words, cross-contamination can neither be excluded nor
proven at the cutoff of 0.8. In contrast, this threshold
was clearly outside the confidence intervals for 16
markers, providing the power for clear distinction
(Table 2, Fig. 4). Simulation results obtained for the
DSMZ dataset for which only 9 markers are available
show that the number and diversity of cell lines from a
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Fig. 3. Distributions of observed and simulated similarity values. Random similarity distributions were calculated for the 3 datasets
(Glioma-CL, NCI-60, and DSMZ) using 16 markers, where available, or 9 markers based on rearranged profiles of markers randomly and
independently selected from the set of genotypes in the given dataset. Quantile-quantile plot (QQ-plot) representations' shown in the
third column of the Figure provide a graphical comparison of observed versus random similarity distributions for each dataset, the red
crosses represent observed values above the cutoff of 0.8. In the density plots, the number of similarity values inferior and superior to
the cutoff of 0.8 is given in the left and right top of the respective panels. For each dataset, the number of similarity values is equal to
(n x n —n)/2 where n corresponds to the number of cell lines contained in the collection (more details in statistical section). Red arrows
identify the maximal observed similarity (MOS) and maximal simulated similarity (MSS). The grey dotted lines point to the limit of high
similarity area (range, 0.8—1.0).
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Table 2. Estimated maximal simulated similarity (MSS) for the three datasets (DSMZ, Glioma-CL and NCI-60) for 9 and 16 markers

Dataset No. Cell lines No. Marker Min Median Mean Max Cl 95% SD MAD
Lower Upper

Glioma-CL 39 9 0.7143 0.7842 0.7865 0.9143 0.7333 0.8621 0.0366 0.0379

Glioma-CL 39 16 0.5769 0.6316 0.6362 0.7037 0.5849 0.6844 0.0262 0.0240

NCI-60 62 9 0.6429 0.7407 0.7392 0.8462 0.6766 0.8215 0.0398 0.0422

NCI-60 62 16 0.5882 0.6400 0.6381 0.7200 0.5903 0.7059 0.0279 0.0205

DSMZ 2289 9 0.8750 0.9032 0.9102 1.0000 0.8889 0.9616 0.0193 0.0199

Note: Statistic values obtained after 100 repetitions of the simulation procedure (Fig. 4). Confidence intervals at 95% (95% Cls)
computed by percentile method. Abbreviations: MAD, median absolute deviation; SD, standard deviation.

given collection affect the estimation of the MSS values.
The DSMZ dataset contains a nonnegligible proportion
of similar data. Indeed, we detected 805 cell lines with at
least one similarity value equal to 1 and 1281 cell lines
that exhibit at least 1 high similarity value (>0.8) in con-
sidering the 9 marker profiles (8 STR markers plus the
AMEL marker). The redundancy in part originates from
different spelling of the names of cell lines or database-
specific added names, as is shown in Fig. 2, although
slight differences may also reflect evolution by passaging
in different laboratories. After the exclusion of identical
and highly similar cell lines, we observed that MSS
values were ~0.8 (Supplementary material, Fig. S2) in ac-
cordance with the results observed for the NCI-60 and the
glioma cell line datasets. Loss of heterozygosity is a fre-
quent event in tumor cell lines that reduces the inform-
ativeness of the STR markers, including the AMEL
marker, thereby weakening the discriminatory power of
the analysis. The heterozygosity at the distinct STR
markers was similar in our dataset of 39 glioma cell lines
and the 2278 cell lines in the DSMZ database (0.54-079
for our dataset and 0.57-0.71 for DSMZ), whereas it
was different for the AMELO marker that indicates the
sex chromosomes (Supplementary material, Table S2).
Heterozygosity of this marker was much more common
in the glioma cell lines with 0.59, compared with those
with 0.36, which may simply reflect the known higher
prevalence of man affected with glioblastoma, compared
with the overall patient population with cancer that is
represented by cell lines.

Discussion

The present study provides a 16 marker DNA fingerprint
database for glioma cell lines frequently used for re-
search. This database can be used as reference for au-
thentication of frequently used glioma cell lines, as
requested by journals and research funding agencies.
The cross-comparison among and with publically avail-
able databases revealed previously unknown misidentifi-
cation of 3 cell lines. For the 2 cell lines misidentified in
our laboratory, the origin could be established, identify-
ing LN-319 as a tumorigenic subline of LN-992 and
establishing LN-443 as a subline of LN-444. The discov-
ery that cell line SF767 has an identical DNA fingerprint
to the squamous cell carcinoma line ME-180 will need
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further investigations, because no reference STR finger-
prints were available. Curiously, SF767 has been
described by different groups as being very different
from other glioma cell lines (e.g., in terms of tumor
morphology when grown in nude mice*” or in terms of
patterns of E-cadherin expression).”®

Furthermore, this study clearly showed that 9 marker
fingerprints that are available for large number of cell
lines are often insufficient to discriminate the origin of
cell lines when the similarity value is close to the classical
thresholds proposed in the literature (e.g., 0.8). Under
these circumstances additional factors need to be consid-
ered when evaluating the similarity score of a cell line
with doubts on the origin.

Number of Markers

Simulation procedures have shown that the number of
markers measured has a high influence on the distribution
of the similarity values and, indirectly, the value of the
cutoff. In using the Serensen score, we observed that the
cutoff of 0.8 proposed by Masters et al.>” did not reliably
discriminate between same or different origin with the 9
marker set, whereas this was much improved when con-
sidering 16 markers (Fig. 3). Our second simulation pro-
cedures confirmed that the limits of the random
distribution of the similarity index decreases in function
of the number of markers used (Fig. 4).

Analyses performed on the DSMZ dataset have shown
the limitation of our simulation procedure when the refer-
ence database contains a high proportion of identical or
highly similar profiles. The DSMZ database is based on
several sources (e.g., ATCC, JCRB, and RIKEN), introdu-
cing a high proportion of duplicates (different names) or
very highly similar cell lines. The set of 9 markers was
clearly not sufficient to identify the difference among cell
lines with efficiency and biased the estimation of MSS in
over-representing some given genotypes, thereby reducing
the allele diversity. Taking that finding into consideration,
our simulation was not independent of the reference data-
base that introduced an abnormal proportion of highly
similarity values into the generation of random profiles.
In addition, the high number of random profiles generated
for the simulation associated with the DSMZ dataset may
have further favored high MSS values in increasing the
chance to obtain 2 similar random profiles. For this
reason, we recommend careful definition of the reference
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Fig. 4. Representation of the estimation of maximal simulated similarity (MSS) in function of the number of markers. The 3 datasets
(Glioma-CL, NCI-60, and DSMZ) were used to simulate similarity scores and to compute their mean and median, as well as the 95%
confidence intervals (Cls) for the median (dark grey) and the minimum-maximum intervals (/ight grey). The arrows indicate the position
of the 9 and 16 marker profiles commonly used. For 9 markers we observed that the cutoff of 0.8, suggested by previous studies®”’
(dotted lines) is included in the confidence region defined by the percentile method. This means that at least 1 false positive value >0.8
can be expected in >5% of the datasets. In contrast, this value is outside the confidence region for the 16 markers for both datasets.
This means that it is not very probable to obtain a MSS value equal or superior to 0.8 by hazard. The second series of graphics provide
accuracy measures of the estimation of MSS, standard deviation (SD), and median absolute deviation (MAD), per number of markers.
These figures indicate that for increasing numbers of markers used the SD and MAD are reduced, consequently the MSS values are

estimated with better accuracy.

database used to identify cell lines in using a priori knowl-
edge on the nature of them and in limiting the number of
duplicates.

Mutation Rate

As illustrated by Parson et al.,*” the stability of STR pro-
files is not the same for all markers. These authors

observed that the mutation rates of markers fluctuated
from 0.01% (THO1 and TPOX) through 0.28% (FGA)

for cancer cell lines (i.e., K652, U937, Jurkat, and
CCRF-CEM) in their study. To account for the mutation
rate of a marker, a weighted similarity measure can be
computed in considering the weighted sum of the
partial similarity obtained for each marker'**%2?,
However, the mutation rates are strongly variable
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among tumor cell lines. Moreover, genomes of cancer
cell lines are often instable and are modified by many
mechanisms, including microsatellite instability, dele-
tions, amplifications, or rearrangements, in a tumor of
origin-dependent manner. For these reasons and
without a priori knowledge of the mutation rate of the
tested population of cell lines, we recommend use of
uniform weighting to estimate similarity between glio-
blastoma cell lines by default.

Threshold and Cell Origin

Definition of a threshold to determine the identity of a
cell line needs to consider the number of markers, the
marker stability, number of shared alleles, and number
and nature of disparate alleles.”” For example, the
marker for sex comprises only 2 alleles. In contrast, we
count 13 distinct alleles for the marker FGA in the
Glioma-CL dataset. The score used to estimate similarity
between cell lines is an additional criterion to include in
the definition of the threshold. In this study, we chose to
use the Serensen index, as proposed by Lynch et al.,"* to
estimate the similarity among the DNA fingerprint pro-
files to detect the parental cell line. However, our simu-
lation process can be generalized to apply to other
similarity scores.'*3°

Thresholds and similarity scores are attractive and
user-friendly tools, but it is important to know their lim-
itations. In our study, we showed that with the 9 marker
STR fingerprint similarity, values close to the threshold
of 0.8 are difficult to judge to exclude identity with a
high probability. Additional information is required,
such as presence or absence of characteristic but

uncommon mutations, to decide whether the sample is
different. If this is not possible, we recommend consider-
ing the number and type of necessary events to explain
the difference between the 2 profiles. For example, the
acquisition of a different allele is mechanistically more
difficult than a mere deletion of an allele, even though
they are weighed equally in the score. The definition of
a reference database with a limited number of duplicates
and the use of simulation procedures, as proposed in our
study, can provide an efficient tool to evaluate the con-
sistency of similarity values and thresholds for DNA fin-
gerprint profiling studies in general.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Journal online (http://neuro-oncology.oxfordjournals.

org/).
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