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Summary

The biomedical research community has a major problem with using imposter cell lines and
incorrect tissue samples. The world-wide average incidence of using misidentified cell lines is
22%. This problem is partially addressed by granting agencies and journals requiring some type
of cell line authentication. But to tackle this problem at its source, specifically in the research
laboratories, we have designed a set of Best Laboratory Practices (BLPs) for the authentication
of cell lines and tissue samples by four methods. Briefly, the four methods for authentication of
cell lines and tissue samples include:

1) verification of cell line identity via the Cellosaurus and ICLAC websites,

2) genotyping by STR genotyping,

3) identification of any non-human species present in human cultures, and

4) mycoplasma testing of all cell cultures.

To utilize these BLPs, we have developed detailed recommendations of how they can be
implemented in the laboratories of members of a research community. These include
recommendations for evaluating cell cultures and tissue samples prior to their use, developing
appropriate laboratory protocols to minimize the risk of working with misidentified cell samples,
and confirming the authenticity of the cell lines and tissues used in the experiments before
submitting grants, manuscripts, and sharing samples with fellow researchers. A supplement to
this document includes additional information and guidelines. The goal of these Best Laboratory
Practices is to protect the integrity, validity, robustness, and reproducibility of biomedical
research produced by members of a biomedical research organization.

Introduction

Begley [14] reported that a majority (50%-90%) of published biomedical research is not
reproducible and Freedman et al. [31] estimated that up to US $28 billion is spent each year on
irreproducible biomedical research. A major contributor to the irreproducibility of biomedical
research is the infrequent authentication of established cell lines and tissue samples and the
frequent use of misidentified cell lines [32, 33, 39, 46, 47, 63, 64, 85]. Studies of data from labs
around the world show the incidence of misidentified cell lines ranges from 10% to 100%, with
an average of 22% or 2 of 9 cell lines being incorrect [46]. Many cell lines that were shown by
Stanley Gartler to be misidentified as early as 1967 [36] are still being used under their false
identities [38, 39, 47] to model the incorrectly identified tissues. Vaughan et al. reported that out
of 574 articles between 2000 and 2014 using the cell line KB established in 1955, only 57
described the cell line correctly as actually being an imposter derived from HeLa cells [84].
Korch and Capes-Davis reported that the HeLa-derived cell lines Hep-2 and Intestine 407
(originally claimed to be from liver and normal intestinal cells) were used in 8,497 and 1,397
articles, respectively, under their false identities and this usage continues to this day [47].
Horbach and Halffman [39] found that 251 of over 500 known false cell lines with no known
authentic samples were used in 32,755 publications and these articles were cited conservatively
one-half million times in the scientific literature. Additionally, 7% or more of human genomic
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data are sequences derived from mycoplasma, a bacterial genus that frequently contaminates cell
line cultures [49] and which can alter metabolic responses and impact the analysis of
contaminated cell lines [1, 12, 18, 27-29].

In 2018, the Biocompare company [16, 67] produced an excellent documentary that is worth-
while viewing, in which we and eleven other prominent scientists, who have been combating this
cell line authenticity problem, discussed many aspects of this issue. In 2022, the International
Journal of Cancer (1JC) reported that 22.9% of submitted manuscripts which used human cell
lines that had different levels of problems with the identifies of the cell lines used for research
(i.e., 5.4% of the manuscripts required minor edits of incomplete cell line identity information;
9.8% had moderate problem due to using, e.g., a false cell line which had to be removed because
it was misidentified but which was not a major basis of the study; and 7.6% which used two or
more false cell lines and/or falsified data and documentation) [78]. Of all the manuscripts, 4.7%
were rejected because of "severe, unaddressed cell line problems," and yet were found
subsequently to have been published in other journals without addressing the cell line issues.

Clearly, this major problem continues to contaminate the biomedical literature with
unreliable research [38-40, 44-47, 50, 78, 84, 87, 88]. Many have proposed that journals and
funding agencies, as gate keepers of the biomedical literature, should require authentication of
cell lines for acceptance of manuscripts and grant applications [35, 51, 57, 58, 62, 85]. Some
journals and some funders, such as the NIH, have begun to require some level of sample
authentication, but most requirements imposed by these gate keepers are not very stringent [78]
allowing for continued publication of research based on false cell lines [31, 47, 84].

One approach for dealing with published reports based on using misidentified cell lines is
that the articles be retracted. This appears to be impractical and an avoided option. Thousands of
publications have used false cell lines [38, 39, 47, 84], but only about 100 articles have been
retracted or issued notices of concern or corrigenda (see Appendices 2 and 3 in [46] and search
Retraction Watch http://retractiondatabase.org/RetractionSearch.aspx for articles retracted
because of contaminated cell line and tissue samples). Retractions of research articles are costly,
as illustrated by the work of Linger et al. [52-55], infrequent [46], and can be detrimental for the
reputations of researchers and their institutions [79]. Stern et al. estimated the average financial
cost of retracting an article is between US$300,000 and US$400,000, not to mention its costs in
decreased reputation of the research group and institution and their ability to obtain grants in the
future [79]. Potentially, many billions of dollars have been used to support research based on
false cell lines [31, 47].

The cross-contamination or misidentification of cell cultures, cell lines, stem cells, and
xenografts (both of tissue samples and cell suspensions) can have seriously compromised
research using these cells to model diseases, biological phenomena, drug testing in pre-clinical
trials, and development and improvement of therapies for metabolic diseases and cancers of
specific organs. This ultimately results in the waste of limited research resources [39, 46, 47, 75,
78]. Clearly, researchers need to beware of basing their research on publications using
false/imposter and misidentified cell lines and citing publications based on such cell lines.
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Six valuable resources have been developed to address this enormous problem: The
International Cell Line Authentication Committee's website (ICLAC) [41], Cellosaurus — a Cell
Line Knowledge Resource website [10]; and four guidance manuals for the authentication of
human and mouse cell lines by analysis of STR genotypes, namely two ANSI-ATCC standards
[6, 48] and two Assay Guidance manuals available on the NCBI website [4, 72]. To address to
this alarming problem, the NIH issued three notices that “key biological and/or chemical
resources' need to be regularly authenticated (NOT-OD-15-103, NOT-OD-16-011, NOT-OD-
16-012, effective January 25, 2016). Several granting agencies now require some degree of
authentication of key biologic reagents, including cell lines and tissue samples. Increasingly, a
number of journals are starting to require that authors provide some kind of evidence that the cell
lines that they used were authenticated prior to manuscript acceptance. The 1JC has an exemplary
cell line policy when considering manuscripts for publication (see [78] and Supplementary
Information).

It is imperative that members of the biomedical research community alter their research
practices in a manner that recognizes the need for these BLPs so that this important problem can
be addressed. Several publications describe “best practices” for the culturing, handling, and
authentication of cell lines and tissue samples [5, 6, 13, 34, 37, 60, 71-73, 75, 78]. Building on
the Cell Line Authentication Policy of the MD Anderson Cancer Center [83] (which is the only
publicly available cell line policy we could find), the information on the websites of the
International Cell Line Authentication Committee (ICLAC) and Cellosaurus, and our own
experience (in both our own research and running the University of Colorado Cancer Center
DNA Sequencing & Analysis core facility), we propose the following cell line and tissue sample
authentication Best Laboratory Practices (BLPs) for biomedical research institutions.

Four Best Practices for the Authentication Cell Line and Tissue Samples used
in Biomedical Research

The Best Laboratory Practices for Cell Line Authentication recommend that all cell cultures
and tissue samples used by any member of a research team should be validated by all four of the
following authentication methods. These methods should be applied at the following stages of a
project: a) at the beginning of a project before using samples for experiments, b) regularly during
handling of samples, ¢) whenever a novel phenotype is noted, d) after any phenotypic selection,
e) at the end of a project, f) before submitting grants, and manuscripts, and g) prior to sharing
samples with fellow researchers. In addition, Microsatellite Stable (MSS) cell cultures should not
be passaged more than 10-20 times and not used when unusual phenotypes are noticed. In such
cases, the experiments should be started anew with a fresh aliquot of the authenticated batch of
cells. MSI-Unstable cell cultures should not be passaged more than 5-10 times because of their
inherently rapid genetic drift.

Method 1 - Confirming that the cell lines proposed to be used for research are known to be
authentic and not misidentified/cross-contaminated lines by verifying their identity
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on the Cellosaurus (https://www.cellosaurus.org/) and ICLAC (https://iclac.org/)
websites;

Method 2 - Genotyping by STR / DNA profile analysis of human cell samples (i.e., cell lines,
patient-derived explants (PDX), xenograft tissue) and by STR (mouse, dog, rat) or
SNP genotyping of other non-human cell lines to authenticate their genetic identity;

Method 3 - Identification of any non-human species present in human culture samples by
species-specific PCR analyses (e.g. [24]) or comparable methods to ensure the
samples are authentic and not contaminated with cells from inappropriate animal
species [7, 24, 40]; and

Method 4 - Analysis of all cell culture samples to ensure they are not contaminated with
mycoplasma or other microbes, which can affect cell line phenotypes.

All laboratory research team members working with cell lines, xenografts, and tissue samples
are encouraged to implement these four methods in their laboratories to ensure that they publish
valid and reproducible research. The laboratories may need to identify a service facility that can
perform at least Method 2, while the other three methods can be performed in most laboratories.
The researchers will need learn how to interpret the data from the four methods as is described in
the ANSI-ATCC ASN-00002-2022 Standard [48], the NCBI Assay Guidance Manual [4], and
the Match Criteria explanation on the ICLAC website (https://iclac.org/resources/match-criteria-
worksheet/).

Implementation of Guidelines and Methods to Ensure the Authenticity of Cell
Lines and Tissue Samples and Adherence to these Best Laboratory Practices

We have developed the following guidelines and methods to encourage implementation and
adherence with the BLPs based on the above four authentication methods, These suggestions are
derived, in part, from those presented in Appendix G of the 2021 - 2022 revision of the ANSI-
ATCC Standard ASN-0002 describing Human Cell Line Authentication by STR DNA profiling
[48] and from other resources. These steps consist of (I) determining which cell lines and tissues
are appropriate for the planned experiments, (II) implementing appropriate laboratory protocols
to minimize the risk of working with misidentified cell samples, (III) being aware of any warning
signs that the cell line and tissue sample are no longer correct, (IV) confirming the authenticity
of the cell lines and tissues used in the experiments before submitting grants, manuscripts, and
sharing samples with fellow researchers, and (V) considering patient confidentiality when
publishing human STR data.

Disclaimer

Mention of specific commercial equipment, instruments, or materials (or suppliers,
software, etc.) in this document is only to foster understanding. It does not imply that we
recommend or endorse any of the materials or equipment identified or imply that these are
necessarily the best available for the purpose.
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I.

Eight Steps for Evaluating Cell Lines and Tissue Samples Prior to their Use in

Research

1.

All laboratories should establish mandatory training in the Best Laboratory Practices and
safe tissue culturing techniques referenced above to prevent contaminating the
established cell lines with cells from foreign cell lines or microbes including
mycoplasma. These precautions are described on the ICLAC website and by Capes-Davis
and Freshney [19], Freshney [34], Geraghty et al. [37], Korch et al. [48], the 2018 OECD
Guidance Document on Good In Vitro Method Practices (GIVIMP) and others [13, 60,
71-73].

To implement these techniques, each laboratory should develop a set of documents
detailing these standard best laboratory practices for the consistent and required uniform
training of all laboratory personnel as described in the ANSI-ATCC Standard ASN-0002-
2022 [48]. The goal is to minimize inconsistent and irreproducible results arising through
variable verbal transmission of laboratory practices. See the attached Supplementary
Information document for additional details.

Laboratories are encouraged to (a) provide new lab personnel with detailed mandatory
training on the handling of cell lines and tissue samples and (b) offer all lab personnel
annual refresher training on these techniques to reduce the likelihood of sample mix-ups,
etc.

Before obtaining cell lines for a research project, the names of these cell lines should be
checked for what is known about them on the websites of ICLAC [21], Cellosaurus [10],
the Cell Line Project at the COSMIC Catalogue Of Somatic Mutations In Cancer [82],
and the Biosample database of the NCBI (https://www.ncbi.nlm.nih.gov/biosample,
which has STR electropherographic data for some of the included cell line data).

e Are any of the cell lines known to be misidentified?

e Is there a reference STR or SNP genotype or other information about the cell lines
available for comparison?

Compile the collected information in a searchable database for future use, including in a
spreadsheet (e.g., Excel or .CSV file available from the CLASTR-Cellosaurus website)
which would allow searching for potentially matching STR profiles.

It is best that established cell lines are obtained only from sources that can demonstrate
the authenticity of the material. Commercial sources, such as the ATCC, RIKEN, JCRB,
or DSMZ, do this routinely. Most colleagues are not likely or able to provide
authenticated cell lines, which were not developed in their labs.

Prior to their use, all cell cultures brought into a lab should be incubated in a separate
Quarantine Incubator until the cultures are shown to be both free of microbial
contamination and not cross-contaminated with other cell lines, especially rapid growers
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(for example as, but not limited to, HeLa, M 14, MCF-7). An exception can be if the cell
line was received directly from a reliable repository, such as one of those described above
(item 3), with documentation confirming its identity and purity.

When establishing new cell lines or xenografts, it is critical to determine the STR
genotype of the original patient tissue sample to serve as a reference genotype for all
future work. Preserve original tissue samples and, if possible, a normal sample of tissue
or blood for any other future molecular characterization of the total (genomic and
mitochondrial) DNA.

These BLP guidelines should apply also for the use of cell lines from other organisms,
i.e., check for interspecies contamination when working with cells from different species,
such as human xenografts in mice. When possible, authenticate cell lines and tissues from
mouse, rat, dog, and other species using STR or SNP genotyping [3, 7, 10, 17, 24, 26, 61,
68, 80]. New databases and technologies are under continuous development and should
be incorporated into the laboratory's best research practices.

Cell lines should also be considered potential sources of infectious agents such as
pathogenic viruses. This could be due to the original patient sample being infected or
could have occurred sometime between the time that the cells were first established and
when received by the researcher’s laboratory. Therefore, these cultures should be handled
with appropriate Universal Precautions. The CDC and WHO have published online
protocols for the safe handling of human cell cultures [22, 86].

. Newly established human and mouse cell lines and preclinical models (xenografts, 3D

cultures, stem cells, etc.) generated by a laboratory should be subjected to short tandem
repeat (STR) genotype analysis and other appropriate molecular techniques, including
species confirmation [7, 24] and phenotype, to establish baselines for future
authentication efforts.

II. Most Common Causes of Cell Line Contamination/Misidentification and
Recommended Cell Culture Handling Protocols to Avoid these Pitfalls

A. Most Common Causes of Cell Line Contamination/Misidentification:

Handling multiple lines at the same time in a tissue culture hood since some cells, like
those of HeLa, have been shown to "fly" by survival and dispersal in aerosols [25, 67].
Having two persons working together in the same hood at the same time.

Using the same bottle of growth medium for multiple cell lines.

Using the same pipette to apply medium or wash solutions to several different cultures.
Mislabeling a tissue culture flask or putting the wrong cell suspension in a flask.
Working with a more aggressive, faster growing cell culture before working with a less
aggressive slower growing culture instead of vice versa.

Not properly cleaning the working surface in the hood between cell lines.
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Storing flasks and equipment in the tissue culture hood and thus preventing complete
sanitation of the hood's surface.

The hood should be cleaned by wiping down with a 10% bleach solution followed by
70% ethanol, and then irradiating it with UV light both before and after a day's work.
Note that the UV lights in hoods may not be effective as the light tubes lose their
intensity with use and most labs never monitor their intensity over time.

Not cleaning the tissue culture incubator regularly and not using clean water in the heater
jacket of the incubator.

These potential pitfalls should be avoided stringently in order to minimize the chances of cell
line mix-ups and cross-contaminations and to preserve the authenticity of the culture samples in
one’s research. Below are ten recommendations for the handling of cell lines and tissue cultures
that should be implemented in all laboratories to avoid using the wrong samples.

B. Ten Protocols Recommended for Safe Handling Cell and Tissue Cultures

1.

Dedicate individual bottles of media to each cell lines to avoid accidental cross-
contamination of cell lines.

Label media bottles, culture flasks, and storage vials with clear labels or with printed
labels before starting to use them to avoid misidentification of samples.

Work with only one cell line at any time to avoid mix-ups and cross-contaminations.

When handling cell lines, work with the faster growing cultures and new, untested
(quarantined) cells last to minimize the likelihood of rapid growers and potentially
contaminated cell lines taking over slower growing cultures.

Initially, a large batch of a chosen cell line should be generated from which multiple
aliquots are preserved in liquid nitrogen. Test an aliquot of this batch to determine its
STR or SNP genotype and whether it is contaminated with mycoplasma before the cells
are used for research.

e Does the STR genotype match the published data or the STR genotype of the original
donor?

Parson et al. [69] and Korch et al. ([45, 46], unpublished observations) have described
how the STR genotypes of MSI-Unstable cell lines can change more rapidly than those of
MSI-Stable cell lines with passaging. Cell lines can be checked for microsatellite
instability (MSI) using tests such as described by Bacher et al. [9], the ANSI-ATCC
ASN-0002-2022 Standard [48], or the Promega kit (MD1641, see
https://www.promega.com/products/molecular-diagnostics/amplification/microsatellite-
instability-msi-analysis/?catNum=MD1641). MSI and genetic drift due to excessive
passaging may provide an explanation for experimental STR genotypes not matching
exactly those expected for the cell line(s) and their phenotypes changing.
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7.

10.

Cell lines routinely used by a laboratory should be authenticated at regular intervals to
confirm their identity; a minimum of semi-annual testing is recommended. Minimally.
cell lines should be authenticated at the beginning and conclusion of a study so as not to
jeopardize the submission of manuscripts and grants and the reproducibility of the
findings. The best testing regime would be at the following time points:

a) The start of the project before using cell lines for experiments,

b) Regularly during a project when handling samples / culturing cells,

c) Whenever a novel phenotypic behavior is noticed (see item 1 in section III),

d) After phenotypic selection (e.g., drug resistance, growth as xenografts; see item 2 in
section III),

e) At the end of a project,

f) Before submission of grant applications,

g) Before manuscript submissions, and

h) Prior to sharing of samples with fellow researchers.

It can be useful to frequently save aliquots of the residual cell suspensions after passaging
cells and store them frozen at -20°C (viability is not necessary). If future analysis detects
cross-contamination or sample mix-ups at one of the above steps a through g, DNA from
these frozen samples can be extracted and analyzed to ascertain when cross-
contaminations or mix-ups may have occurred. This could indicate from which stage the
experiments should be repeated.

Generally, MSI-Stable cell lines should not be passaged more than 10-20 times and MSI-
Unstable cell lines should not be passaged more than 5-10 times to minimize the effects
of genetic drift of these cultures.

The level of confluence of cells can affect gene expression, protein expression and
phosphorylation, and the localization of proteins in cells. Therefore, one should harvest
cells at consistent levels of confluence to maintain reproducibility.

Media components are variable between suppliers and between batches from the same
supplier [76]. Therefore, each batch of culture media and their components (e.g., serum)
should be recorded and checked, if necessary, for suitability before being used so that
results are reproducible.

ITI. Three Possible Warning Signs of Undesirable Changes in Cell Line Cultures

Below are three common signs that a cell line culture has been infected or replaced by a
population of undesired intra- or inter-species cells.

1.

Sudden changes in cell line behavior (e.g., grows faster, change of morphology, or other
phenotype) often indicates contamination, an outgrowth of a variant subline, or even the
presence of another species. Authenticate such cell lines to verify their identity and
purity.
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2. The identity of cell lines subjected to selection after modification (e.g., stable transfection
and drug selection) should be verified as this process can lead to outgrowth of variants or
cross-contaminating “imposter” or hardier cells.

3. Langdon [49] showed that about 7% of DNA sequences from the Human 1000-Genomes
Project are from mycoplasma, common human parasitic or commensal bacteria, which
commonly contaminate cell cultures. Mycoplasma are known to alter metabolic
responses and impact DNA and RNA analysis of contaminated cell line cultures [1, 12,
18, 27-29]. Therefore, all cell lines should be routinely checked for mycoplasma infection
and treated accordingly when necessary.

Cultures can be tested for the presence of mycoplasma with a PCR assay (e.g., Bulldog-
Bio eMyco Plus kit) or a luciferase luminescence-based assay (e.g., MycoAlert™ PLUS
Mycoplasma Detection Kit Catalog # L. T07-703).

IV. Analytical Steps in the Cell Line and Tissue Authentication Process

During the use of cell lines and prior to publishing research results, the frequency of STR
genotyping and percent match to the reference sample should be reported using the “Tanabe”
algorithm [20] as explained elsewhere [4, 48]. Investigators should understand that cell lines or
tissue samples having identical or nearly identical STR- or SNP-based genotypes does not prove
that the samples are genetically identical. It only shows that they were originally derived from
the same donor.

Any investigator sharing cell lines with fellow researchers, has the ethical responsibility to
provide only authenticated cell lines. Results of STR genomic profiling and mycoplasma testing
should accompany the cell line transferred to the new investigator.

All laboratories should ensure they comply with the cell line authentication policies of the
granting agencies that support their research. If policies from multiple agencies apply, the most
stringent regulations should be followed.

V. Considerations of Patient Confidentiality when Publishing Human STR Data

When establishing institutional cell line and tissue authentication guidelines as described
herein and deciding to publish human STR genotyping data, patient confidentiality and genetic
privacy may need to be considered. The human STR genotyping assays were developed for
identification of forensic samples, with newer kits detecting the alleles in 25 or more STR loci.
These loci are in noncoding chromosomal regions that are of minimal prognostic or diagnostic
value. This expansion of available genetic data increases the potential for linking cell lines with
deleterious germline mutations to specific patients and familial relatives, but only if the donor
samples are not anonymous or as in forensic cases where individuals have their STR genotypes
in a forensic database.
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To address this concern, the M.D. Anderson Cancer Center (see Supplemental Information)
and the Japanese Protection of Personal Information Act require that the alleles at only eight
STR loci be published as opposed to alleles at thirteen STR loci recommended by the 2022
ANSI-ATCC standard. Genetic privacy and patient confidentiality regulations in the USA,
Europe, Australia seem not to specify whether STR genotypes may be published. Journals do not
specify a maximum limit of the number STR loci data. The International Journal of Cancer (IJC)
requests data for a minimum of 8 STR loci. However, there are already 8,327 human STR
genotypes in Cellosaurus (as of November 2022), which were obtained from published and
unpublished sources of cell lines from anonymous donors and can include data for up to 31 STR
loci, with most profiles containing data for between 8 and 17 loci. Souren et al. [78] argue for
one limitation on STR data and that is that the actual electropherograms should not be published,
but only be provided to the editor and reviewers for their use. This is because the 1JC received
several manuscripts in which the authors had copy-and-pasted electropherograms from articles
published by other authors. Greater details of this issue are presented in the Supplementary
Information.

Therefore, we recommend all scientists and research entities consider the above when
establishing their own guidelines regulating the release of human STR results and comply with
their local and national regulations that govern the publication of these data.

VI. Supplementary Guidelines, Recommendations, and Useful Information

A printout of the Cell Line Authentication Flow Chart below can be laminated and posted in
tissue culture laboratories as a reminder to all of the critical steps for ensuring authenticated,
valid, and reproducible results. Additional sets of recommendations and useful information are
described in the attached Supplementary Information file.

Definitions

The following definitions of three frequently used terms when discussing the authenticity cell
lines are taken from the ICLAC website.

Authentication

The aim of authentication is to confirm or verify the identity of a cell line, demonstrating that
it is derived from the correct species and donor. Testing involves comparison of a test sample to
other reference samples from that donor, or to a database of reference samples if donor material
is not available, to see whether their genotypes correspond. Ideally, the test method should
distinguish between different species and different individuals within that species, although this
will depend on the technology available to the field of authentication testing.

Not all currently used test methods have the power of discrimination of STR profiling or
SNP testing; therefore, authentication may not in all cases lead to unambiguous identification of
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cells to a specific donor. Where unambiguous identification is not possible, species verification
using methods such as mitochondrial CO1 barcoding [7] or species-specific PCR of
mitochondrial cytochrome B [24], is used as the best alternative currently available.

Cross-contamination

The term contamination refers to introduction of foreign material into a cell culture. Cross-
contamination occurs when that foreign material consists of cells from another culture, either
human cells or non-human cells arising from species such as mouse or rat. Cross-contamination
initially results in a mixed culture, containing cells from the authentic culture and the
contaminant. If the contaminant has a survival advantage — for example, if it proliferates more
rapidly — it will overgrow and replace the authentic cells within the culture. A contaminant
usually comes from a different donor or species and so can be detected by authentication testing.

Misidentification

A misidentified cell line no longer corresponds to the donor or species from which it was
originally established. Misidentification may arise due to cross-contamination. It may also arise
from a variety of errors, including mislabeling of samples. If it happens early — for example,
during cell line establishment — there will be no authentic material retained, and the cell line is
considered to be a falsely identified or misidentified cell line. If misidentification happens late —
for example, after the cell line is established and distributed to other locations — then authentic
material may still exist and only some stocks may be false.

Misidentification does not refer to problems with the technical procedure of authenticating
cell lines. It also does not typically extend to other characteristics such as tissue type, cell type,
or disease state. If the tissue type, cell type, or disease state of a cell line is incorrectly attributed,
the cell line is considered to be misclassified.

Contact Information

The authors can be contacted at the following addresses:
Christopher.Korch@CUAnschutz.edu and Rebecca.Schweppe@CUAnschutz.edu.
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Purpose of Supplemental Guidelines and Information

Below are additional descriptions of different aspects of cell line and tissue authentication
and suggestions of how to prepare manuscripts for submission of grant applications and for
publication of results in journals.

Section 1 - Human Genotyping by the STR / DNA Profiling Method

Human cell lines and tissue samples must be authenticated before they are used (including
for each new lot of cryopreserved cells), during their usage, and prior to publication of the
research results. Two seminal references describe how to perform authentication by STR
genotyping of human and cell lines. The ANSI-ATCC ASN-0002 Standard by Korch et al. [48]
published in 2021 with minor revisions in 2022 [48] is an update of the 2011 ANSI-ATCC
Standard [6]. The update describes in great detail how to perform STR genotyping of human
samples by laboratories offering this service and how to interpret STR data appropriately by both
the service personnel and the researcher. The Assay Guidance Manual (AGM) written by
Almeida and Korch in 2022 [4], published by the National Center for Biotechnology
Information, describes how to perform the STR analysis of both human and mouse cell line and
tissue samples and shows how researchers can understand and interpret the resulting data.

Human STR data can be obtained by using one of several commercial kits (e.g., ABI
Identifiler Plus or GlobalFiler, or Promega Powerplex -16, -18D, 21, Fusion, or Fusion 6C),
which test 13 or more STR loci on human autosomal chromosomes and of the allele(s) at the
Amelogenin locus on the human gonosomal chromosomes by PCR amplification. Numerous
STR kits from different suppliers are listed in the 2022 ANSI-ATCC Standard for authentication
of human cell lines [48]. The mention of specific products is only for illustrative purposes and
should not be construed as recommendation of any specific product. At a minimum, the STR
alleles present, at least, at the following 13 loci must be determined: CSF1PO, D3S1358,
D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D21S11, FGA, THO1, TPOX, and
vWA. Some commercial kits test for additional loci which can be helpful in identifying culture
samples that have very few (<4) diallelic STR loci.

Historically, allelic data for the amelogenin locus on the X and Y chromosomes has been
included in the calculations of the STR genotype match scores. This is not valid as discussed
elsewhere [4, 48] since it is not an STR locus and as reported by others approximately 40% of
male-derived cell lines lack the Y-linked amelogenin locus [50]. Therefore, this locus should not
be included in calculating the genotype match scores.

Calculations of match scores by three different algorithms are available by using the
CLASTR tool and associated data entry template on the Cellosaurus website
(https://www.cellosaurus.org). Explanations for using the different algorithms are explained in
the help menu and elsewhere [4, 48]. The resulting STR genotypes should then be used to search
different databases to confirm the identity of the culture samples being used. Recommended
guidelines and other resources, including links to STR databases, are available at the ICLAC
website. The most useful STR genotyping search engine is the CLASTR tool at the Cellosaurus
knowledge resource on cell lines website [11]. From the literature, as of September 2022, this
database has compiled information about 141,885 cell lines, of which 106,170 are human-
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derived, 21,928 are from mouse, and 2,637 from rat. The CLASTR search tool contains the STR
profiles for 8,159 human cell lines, 78 mouse cell lines, and 36 dog cell lines.

SNP analysis is also becoming an accepted method for culture identification using a
minimum of 48 SNPs [50]. However, a search tool is not currently available for identifying cell
lines based on SNPs.

Section 2 - Additional Authentication Considerations
Section 2.1 - Growth Media and Cultivation Conditions

e Media components are variable between suppliers and between batches from the same
supplier [76]. Therefore, each batch of culture media and their components should be
recorded and validated, if necessary, for suitability before being used so that results are
reproducible. The media will not affect the STR genotype, but can alter the phenotype of the
cells; for example, changing the expression of specific genes being used to characterize the
cell line.

e The level of confluence of cells can affect the expression of many genes in cell lines [65].
Therefore, one should harvest cells at consistent levels of confluence to maintain
reproducibility between assays.

Section 2.2 - Cell Line Heterogeneity and Genetic Drift

Researchers need to be aware that cell line cultures are heterogeneous mixtures of cells with
slightly different genotypes and phenotypes that have arisen in the original tumor or during
culturing due to genetic drift and selection. This may or may not give rise to variant STR
genotypes.

Kleensang et al. described how two aliquots of the same batch of MCF-7
(RRID:CVCL 0031)obtained at the same time from the ATCC could diverge phenotypically
within 7 passages even though their STR genotypes at 8 loci were identical [43]. It might seem
that establishing cell lines from single cells would yield genotypically pure clones that were
derived from single cells. However, these can also evolve at the genetic and physiological levels
anew and develop into genetically heterogeneous cultures as shown for MCF-7 and other cell
lines by Ben-David et al. [15] and for HeLa cells (RRID:CVCL_0030) by Liu et al. [56].

Genetic instability can be due to microsatellite instability (MSI) caused by defects in either
the cell’s DNA mismatch repair or its DNA replicative machinery; however, MCF-7 and HeLa
cells are MSI-Stable. Researchers should be aware that microsatellite instability can, with
culturing and selection, give rise to variant STR profiles, which may complicate the
interpretation of the STR data. Assaying for shared SNPs may be used to confirm relatedness of
MSI-Unstable cell lines that show variable STR profiles as shown by Korch et al. [45].

Section 2.3 - Identification of Cell Line Species by PCR Assays

The presence of interspecies contaminants (e.g., non-human cells in human-derived cell
lines) can further confuse research endeavors and conclusions. The STR profiling kits used for

ICLAC Institutional Best Lab Practices Cell Line Authentication_COMBO 2023.docx Page 17 of 33



human-derived samples cannot detect the presence of non-human cells in tissue samples and
cultures. It has been shown that interspecies contamination of cell lines (~ 9%) can be as frequent
as intra-species contaminations [21]. This is especially important when working with cell lines
from different species and with xenograft models.

Cooper et al. described a multiplex species-specific PCR-based assay, which tests for the
presence of two mitochondrial genes, to rapidly identify the most common cell culture species
and quickly detect inter-species contaminations (>2-5%) in a cell line culture/tissue sample [24].
The so-called universal DNA barcoding method of the International Barcode of Life organization
based on determining the sequence of the standard barcode for almost all metazoan animal
groups (mitochondrial cytochrome c oxidase I gene, “COI”) is a highly effective method for
identifying many animal groups [24]; however, this method cannot detect contaminations < 20%.

If rodent tissues and cell cultures need to be authenticated, one should consider using STR
genotyping for mouse lines [3, 4] or rat cell lines. SNP genotyping assays for either mouse [26,
61] or rat [70, 77] have been published, but we do not know whether they are commercially
available. If dog cell lines need to be authenticated, one can use the STR genotyping method
described by O’Donoghue et al. [66], which is compatible with the CLASTR search tool.
Authentication by STR and microsatellite genotyping methods of canine, mouse, and rat cell
lines are commercially available, for example, using LabCorp's Cell Line Authentication and
Research Services or the CellCheck service at Idexx BioAnalytics. The CLASTR search tool in
the Cellosaurus can search for genotype matches in the dog and mouse STR databases [10, 11,
74].

Detection of interspecies contaminations using COI, cannot detect interspecies hybrid cells.
To partially address this possibility, Huang et al. described a method that screens for both
mitochondrial COI regions and some autosomal regions of 10 species [40]. Almeida et al. have
included two human STR loci in their mouse-specific STR genotyping assay, which would allow
the detection of two human chromosomes among mouse chromosomes in a sample [2]. Another
approach to detect mouse-human cell hybrids ("hybridomas") could be to test a DNA sample for
chromosomal-linked STR alleles with both a mouse STR kit and a human STR kit.

Section 3 - Templates for Grant and Manuscript Descriptions of Guidelines
and Cell Line Authentication Procedures used in Report

Assuming that the policy guidelines are fully implemented in a researcher’s laboratory,
below are a few generic examples of short descriptions which should be modified appropriately
for the methods section of grant applications and manuscripts. The highlighted underlined spaces
are intended for specifying the indicated information.

Section 3.1 - Established Human Cell Lines, Patient-derived Explants and Xenografts of
Human Tissue, and Development of New Human Cell Lines

e The authenticity of cell lines used these experiments was checked by verifying that the cell
line's name, or variants of the name, was not present in the list of known misidentified cell
lines on the International Cell Line Authentication Committee's website or the Cellosaurus
cell line database [10].
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Prior to their use, all established human cell lines used in these experiments were genotyped
by STR analysis using the kit (specify kit used, e.g., ThermoFisher Applied
Biosystems AmpFLSTR® Identifiler® PCR Amplification Kit, catalog number 4322288; or
Promega Powerplex 16HS System. catalog number DC2101) or by the laboratory
(specify resource or commercial entity which performed the assays).

The identity of the cell line was confirmed by comparing the resulting STR genotype to
reference profiles from the originator or source of the cell line or through searching the
consolidated STR data from four cell line repositories (ATCC, DSMZ, JCRB, RIKEN) base
available at the DSMZ website [30] and/or the Cellosaurus STR database. The percent match
with the reference genotype was % (insert calculated value) using the Tanabe algorithm
(and/or one of the other algorithms available on CLASTR without including the data for the
amelogenin result in the search.

In the case of newly established cell lines or if the reference STR genotype of an established
cell line is not available in the literature or an STR database, describe whether:

o Attempts were made to obtain a sample of the original tissue from which the cell line was
established; and

o Its STR genotype was determined and compared to the cell line to verify that the cell line
was established from the specified tissue/patient and that it was not a contaminant.

If the STR genotype was determined, provide the data for publication in a table format in
either the main body or the supplemental information of the report and submit it to
Cellosaurus for inclusion in this essential resource.

NOTE - Actual electropherogram(s) should be only provided for the editors and reviewers
and should not be published to avoid being copied by others.

All cultures were STR genotyped at the end of each series of experiments and prior to
submission of grant applications and manuscripts.

All cultures were confirmed not to be contaminated with mycoplasma by a PCR assay, e.g.,
Bulldog- Bio eMyco Plus kit (Catalog # 2523448) or the luciferase luminescence-based
Lonza MycoAlert™ PLUS Mycoplasma Detection Kit (Catalog # LT07-118).

If SNP genotyping was used, modify the above descriptions appropriately. Note that as of
September 2022 there is no searchable public database for comparing SNP genotyping data
between samples.

Section 3.2 - Additional Descriptions for Xenografts, 3D cultures, and Stem cells

The STR genotype of the source tissue (e.g., original tumor tissue, lymphocytes from blood)
was determined and used as a reference genotype for any xenografts that were propagated
through, e.g., mice.

Each xenograft tumor passage was checked by STR genotyping to confirm that there had not
been any inadvertent mix-ups of samples or contamination by a cell line being used
concurrently; and
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e The presence of inter-species contaminating cells (e.g., mouse cells in a human xenograft)
was checked by the method of Cooper et al. [24].

NOTE — The Cooper et al. method checks for the presence of mitochondrial DNA and not
for the presence of autosomal DNA from other species. Therefore, it cannot detect mouse —
human cell hybrids which have a mixture of mouse and human chromosomes. Such hybrids
need to be screened for by karyotyping of individual cells as was done by Jacobsen et al. [42]
or by multiplex PCR analysis that screens for the presence of one or more SNPs or mouse
chromosomal STR alleles on multiple mouse chromosomes. This PCR assay should be
considerably more sensitive than karyotyping. Alternatively, as noted above a DNA sample
may be tested with multiple STR Kkits.

Section 4 - The Cell Line Authentication Policy implemented at the
International Journal of Cancer (1JC) with Modifications.

This journal's cell line authentication policy is the clearest and most definitive of any such
policy. Below, are the seven main stipulations for manuscript submissions to the IJC as outlined
by Souren et al. [78], which are based on the requirements presented on the IJC website, with a
few clarifications we recommend:
https://onlinelibrary.wiley.com/page/journal/10970215/homepage/ForAuthors.html#AUCEL

1. Authors must provide cell line authentication documents that are not older than three years of
all continuous human cell lines used in their manuscript.
= Note that [JC requires electropherograms of authentication data and they will check the
data against Cellosaurus. Also, Souren et al.[78] suggested that these data be checked by
a person qualified to do so.

= Souren et al. [78] note that IJC recommends that the submitted high quality legible
electropherograms not be published (i.e., only be included for the reviewers and editors to
examine). In the main text or supplementary information, which is to be published,
include a table summarizing the STR results. We suggest placing the STR data in an
Excel/CSV table using the Cellosaurus / CLASTR format (see CLASTR website) so that
it is accessible and easily searchable by the readers.

The reason for not including the electropherograms is that they may be copied by others
and claimed as their own as the IJC has reported [78].

2. STR profiling is the preferred method for cell line authentication of human, mouse, rat, and
dog cell lines. Authors can perform STR profiling in their own laboratory or use the service
provided by a laboratory or cell bank with certified quality control. Either way, the cell line
authentication documents submitted with a manuscript should include high-quality legible
electropherograms.

3. For continuous human cell lines obtained within the previous three years from a commercial
source that guarantees cell line authenticity through in-house quality control measures (e.g.,
ATCC, DSMZ), the corresponding purchase orders or invoices are acceptable evidence of
cell line authentication.
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e Note that the ANSI-ATCC Standard for Authentication of Cell Lines by STR Profiling
[48] and several cell line authentication policies recommend that profiling be performed
more frequently than every three years (e.g., once per year) and when phenotypic changes
are noted in the culture.

e Note that the IJC has received falsified invoices for some manuscripts [78]. Also, in a
recent PubMed literature search for the sources of the false cell line L-02 (a.k.a. HL-
7702), some reports claimed it was obtained from the ATCC. However, the ATCC never
had this imposter cell line among its offerings (Korch, data not show, 2022).

4. The 1JC also requests authentication of human cell lines for which no reference STR profile
is available. Prior to submission, the obtained STR profile should be compared to a public
database (e.g., Cellosaurus), and should show that the cell line is unique and not cross-
contaminated or misidentified.

5. The 1JC also accepts single nucleotide polymorphism (SNP) based cell line authentication
reports from service providers with certified quality control, but only for cell lines for which
a SNP-based reference profile is publicly available.

6. Authors of studies describing the establishment of new human cell lines are strongly
encouraged to include the summarized STR results in the manuscript for future reference,
such as inclusion of data in Cellosaurus, preferably in the .csv, .txt, or .xlsx format of the
Cellosaurus template for CLASTR searches. See screenshot below from
https://www.cellosaurus.org/str-search/help.html.

3. Input File

Using the Load File button from the user interface, it is possible to directly import STR profile data from a table file. Both mono
and multi-samples files are supported. The functionality can be used to perform a similarity search on several samples at a time
or to load quickly and reliably the marker data of a sample into the user interface.

3.1 Formats

The table file can be formatted either as an Excel file (.xls or .xlsx extension) or as a plain text file (.csv, .tsv or .txt extension).
By default, the tool will assume that each row (except from the header) is a distinct sample. Note that a column named
"Sample Name", "Name" or "Sample” is required and each submitted sample needs to have a corresponding value. The
ordering of the marker columns is not important. The name of the markers need to be indicated correctly. For Amelogenin,
the program recognizes "Amel" and "AM" as valid names.

Sample Name Amelogenin  CSF1PO  D55818 D75820 D135317 D165539 THO1 TPOX vWA

BICR16 X 12 13 10 1 12 6,9 811 | 1719
MND31618 X 1213 10 8,10 11,12 11 79 89 16
Lu-138 .X .11,12 .10,12 .10.11 811 .11 .?,9 .B.‘I1 . 1718
MNCI-H125 X 7 10 10 1 512 7 89 17
GK-5 .X.Y .10,11 .10,12 .10 12 .11 .‘3,9.3 .8 . 16,19

Example of o properly formatted table

7. The following information must be included in the Materials and Methods section:

e All cell lines used must be listed using the official cell line name and its Research
Resource Identifier (RRID) as available in the ExXPASy Cellosaurus database (e.g., HeLa
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(RRID: CVCL _0030). Note that Babic et al. [8] showed that there are fewer problematic
cell lines in manuscripts citing the RRIDs.

e The source/supplier of all cell lines used must be provided.

e A statement confirming that all human cell lines have been authenticated using STR (or
SNP) genotyping within the last 3 years.

e A statement confirming that all experiments were performed with mycoplasma-free cells.

Section 5 - Considerations of Patient Confidentiality when Publishing Human STR Data

When establishing institutional cell line and tissue authentication guidelines as described
herein and deciding to publish human STR genotyping data, patient confidentiality may need to
be considered. The human STR genotyping assays were developed for identification of forensic
samples, with newer kits detecting the alleles in 25 to 30 STR loci. These alleles are in
noncoding chromosomal regions and are of minimal prognostic/diagnostic value. The original
STR assays used for cell line identification between 1999 and 2013 [6, 59, 72, 81] were based on
kits using nine or fewer STR loci. Between 2013 and 2021 it became evident that data for
additional loci was needed to distinguish between cell lines, especially ones that had many
monoallelic STR loci. To address this issue, the 2022 ANSI-ATCC standard for authentication of
human cell lines recommended that data from a minimum of thirteen STR loci be used for the
identification of cell lines [48].

This expansion of available genetic data increases the potential for identifying a specific
patient and familial relatives, which means their patient confidentiality might be breached. To
address this concern (as discussed in detail in the 2022 ANSI-ATCC cell line authentication
standard [48]) the M.D. Anderson Cancer Center and the Japanese Protection of Personal
Information Act require that the alleles at only eight STR loci be published as opposed to alleles
at thirteen STR loci recommended by the 2022 ANSI-ATCC standard. The MD Anderson rule is
self-mandated, whereas in Japan it is stipulated by national law. However, as of November 2022,
there are already 8,327 human STR genotypes publicly available in Cellosaurus, which were
obtained from published and unpublished sources and can include data for up to 31 loci, with
most profiles containing data for between 8 and 17 loci.

Under the 2018 General Data Protection Regulation (GDPR) genetic data privacy is regulated
in the European Union, but it is not clear to what extent each country can set their own rules and
how much genetic information may be revealed in biospecimens. In Australia, there are rules
governing the ethical use of human biospecimens, including cell lines. In the USA, patient
confidentiality and medical insurability are regulated by the Patient Protection and Affordable
Care Act (AFA), Health Insurance Portability and Accountability Act (HIPAA), the Genetic
Information Nondiscrimination Act (GINA), and the American Disabilities Act (ADA) [23, 48].
However, to our knowledge STR genotyping is not specifically addressed in Australia, Europe,
or the US.
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We are not aware of any journal that limits the number of loci for which STR data can be
reported. The International Journal of Cancer (IJC) requests data for a minimum of eight core
STR loci as outlined by Souren et al. [78] and described in the 1JC instructions to authors.
Therefore, the decision of how much human STR genotyping data to publish rests with
individual laboratories and research organizations. It is worth considering the recommendation of
Souren et al. [78] that only the tabulated STR data be published. The actual electropherograms
should not be published, but only be provided to the editor and reviewers for their use. This is
because the 1JC received several manuscripts in which the authors had copy-and-pasted
electropherograms from articles published by other authors.

Section 6 - Recommended Online Resources
Section 6 .1 International Cell Line Authentication Committee (ICLAC) Website

The ICLAC website has several recommendations for cell line authentication listed under
Resource Documents, including:

e C(Cell Line Policy for Research Institutions

e Match Criteria Worksheet for Human Cell Line Authentication.

e C(Cell Line Checklist for Manuscripts and Grant Applications

¢ Guide to Human Cell Line Authentication

¢ Guide to Mouse Cell Line Authentication

e Advice to Scientists; Incorporating Authentication into Everyday Culture Practice
e Naming a Cell Line

e Definitions — Authentication, Cross-contamination, Misidentification

e Register of cross-contaminated or misidentified cell lines

e Links to STR profile databases for Cell Lines at the ATCC, Cellosaurus, the German
DSMZ tissue culture facility, and the CLIMA database of STR profile.

Section 6.2 - Cellosaurus Website Cell Line Knowledge Resource Database with the
CLASTR Search Tool for Finding Cell Lines with Matching STR Genotypes

Cellosaurus is a knowledge resource for cell lines. It attempts to describe all cell lines used in
biomedical research. Its scope includes:

e Immortalized cell lines

e Naturally immortal cell lines (example: stem cell lines)

o Finite life cell lines when those are distributed and used widely

e Vertebrate cell line with an emphasis on human, mouse and rat cell lines

o Invertebrate (insects and ticks) cell lines

ICLAC Institutional Best Lab Practices Cell Line Authentication_COMBO 2023.docx Page 23 of 33



Its scope does not include:
e Primary cell lines (with the exception of the finite life cell lines described above)
o Plant cell lines

In addition, it offers the CLASTR - STR similarity search tool (see adjacent figure) which
allows the comparison of STR
genotypes of human cell lines, [ o s et oy (S
mouse cell lines, and dog cell e R
lines. The different genotypes
can be compared using three o s T
different algorithms:

Cellesaurus

Human Mouse Dog Seoring

Algorithrs:
) lanabe
Masters [vs. query)

e Tanabe algorithm,
e Masters algorithm for

Masters [vs. reference}

1 D351358 Mades:
comparing reference i O sy mancr
profiles to query profiles, D75820

DEs1179
and B13531 Y5391
e Alternative Masters for 165539 Filers

. 18551 F136 Score Filter B4
comparing query profiles b5y U
to reference profiles. D151 i Mexresutis: | 20 v

FGA Penta C
As of September, 2022, o =t Actions
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VWA xampl

(106,170 of human origin,
21,928 from mouse, and 2,637 Heip ab

from rat). The CLASTR tool can | | ASTR STR search tool, available at Cellosaurus

compare one or more query (https://www.cellosaurus.org/str-search/)
genotype against genotypes for

8,327 human cell lines, 83
mouse cell lines, and 36 dog cell lines.

Section 6.3 - Published Guidelines for Culturing and Handling of Cell Lines
e The Guidelines for the use of cell lines in biomedical research by Geraghty et al. [37].

e The 7" edition of Culture of Animal Cells: A Manual of Basic Technique and Specialized
Applications by R. lan Freshney [34].

e The 8" edition of Freshney's Culture of Animal Cells: A Manual of Basic Technique and
Specialized Applications by Amanda Capes-Davis and R. lan Freshney [19]. This
replaces the 7" edition cited above.

e The ANSI/ATCC ASN-0002-2022 Authentication of Human Cell Lines: Standardization
of STR Profiling of 2021 by Korch et al. [48] replaces the standard with a similar name
that was published in 2011 [6]. This new Standard is available online at:
https://webstore.ansi.org/standards/atcc/ansiatccasn00022022
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The Assay Guidance Manual (AGM) for Authentication of Human and Mouse Cell Lines
by Short Tandem Repeat (STR) DNA Genotype Analysis by Almeida and Korch [4],
which is an update of the AGM by Reid et al. [72].

Section 6.4 - National Institutes of Health (NIH) Notices Pertaining to Cell Lines
Notification Regarding Authentication of Cultured Cell Lines, November 28, 2007. NOT-OD-08-

017. In addition, NIH Updated policy (June 2015) Notification Enhancing Reproducibility
through Rigor and Transparency. and NIH Notices NOT-OD-15-103, NOT-OD-16-011, and

NOT-0OD-16-012 and the Principles and Guidelines for Reporting Preclinical Research .

Section 6.5 - Other Useful Links including Cell Line Repositories

American Type Culture Collection (ATCC) - https://www.atcc.org/

Biocompare - https://www.biocompare.com/Cell-Line-Authentication/ and

https://www.biocompare.com/Reproducibility/Cell-Line-Authentication/

Biosample - https://www.ncbi.nlm.nih.gov/biosample

Catalogue of Somatic Mutations in Cancer (COSMIC). Version 97 (29 November
2022) contains curated DNA sequence information on approximately 1,000 cell lines:
https://cancer.sanger.ac.uk/cell_lines

Leibniz Institute, DSMZ-German Collection of Microorganisms and Cell Cultures
GmbH (DSMZ) — This organization has a searchable collection of cell line STR
genotyping data from DSMZ, ATCC, JCRB, and RIKEN. These data have now been
integrated into Cellosaurus. https://www.dsmz.de and
https://www.dsmz.de/services/human-and-animal-cell-lines/online-str-analysis.

The M.D. Anderson's Cell Line Authentication Policy (ACA#1044) requires all
researchers to validate their cell lines at least once per year. It is described at the
following site: https://www.mdanderson.org/content/dam/mdanderson/documents/core-
facilities/Characterized%20Cell%20Line%20Core%20Facility/CCLC_%?20Policy ACAI
044.pdf

JCRB Cell Bank (Japanese Collection of Research Bioresources Cell Bank) of the
National Institutes of Biomedical Innovation, Health and Nutrition -
https://cellbank.nibiohn.go.jp/english/ is one of the two major repository of cell lines in
Japan.

RIKEN (Rikagaku Kenkyiisho) BioResource Research Center — The cell line
repository for a nation-wide group of Japanese institutions that perform research in
multiple scientific disciplines, including biomedical research
(https://cell.bre.riken.jp/en/). The STR genotypes of its many cell lines are accessible in
the databases of STR profiles maintained by the DSMZ and Cellosaurus.
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Cell Line Authentication Flow Chart

Check cell line identity in Cellosaurus and ICLAC
If cell line is not genetically linked to patient tissue sample, periodically check identity in databases

Obtain cell line from reputable source

Genotype, Mycoplasma test, Species test original vial
| If passes

Expand, make master and working stocks (20-40 vials)

Test viability and identity (genotype, mycoplasma, species) of frozen stocks

| If passes

Use the verified working stocks up to 20 passages

l

Genotype and test for mycoplasma regularly, after selection of cells (e.g. antibiotic selection
or drug resistance), and if unexpected phenotype changes are observed.

l If cell line fails authentication

Go back to verified stocks
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