
UCCC Best Cell Line Authentication Practices for Research Labs May 2023.docx Page 1 of 22 

 

 

 

 

The University of Colorado Cancer Center (UCCC) 

Best Laboratory Practices for Cell Line and Tissue 

Sample Authentication to Ensure Valid, 

Reproducible, and Robust Research 
 
 

Christopher T Korch1 and Rebecca E Schweppe2 

 

 

1Division of Medical Oncology 
2Division of Endocrinology, Metabolism, and Diabetes 

School of Medicine 

University of Colorado - Anschutz Medical Campus 

12801 East 17th Avenue, RC-1 South 

Aurora, Colorado 80045, USA 

  



UCCC Best Cell Line Authentication Practices for Research Labs May 2023.docx Page 2 of 22 

Table of Contents 

 

Topic Page 

Executive Summary 3 

Rationale & Goals 3 

Critical Validation Steps and Methods for Cell Lines and Tissues 3 

Introduction 6 

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

Biomedical Research 
8 

Method 1 8 

Method 2 9 

Method 3 9 

Method 4 9 

Implementation of Guidelines and Methods to Ensure the Authenticity of Cell 

Lines and Tissue Samples and Adherence to these Best Laboratory Practices 
9 

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

10 

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

11 

A. Most Common Causes of Cell Line Contamination/Misidentification 11 

B. Ten Protocols Recommended for Handling Cell and Tissue Cultures 12 

III. Three Possible Warning Signs of Undesirable Changes in Cell Line Cultures 13 

IV. Analytical Steps in the Cell Line and Tissue Authentication Process 14 

V. Considerations of Patient Confidentiality when Publishing Human STR Data 14 

VI. Supplementary Guidelines, Recommendations, and Useful Information 15 

Definitions - Authentication, Cross-contamination, Misidentification, 15 

Contact Information 16 

References 16 

Cell Line Authentication Flow Chart 22 

 

  



UCCC Best Cell Line Authentication Practices for Research Labs May 2023.docx Page 3 of 22 

Executive Summary 

Rationale & Goals 

Begley and others have reported finding that a majority (50% - 90%) of important published 

biomedical research is irreproducible [11]. The contamination or misidentification of cell 

cultures (cell lines, stem cells, and xenografts, both of tissue samples and cell suspensions) can 

seriously compromise research using these cells to model diseases, biological phenomena, and 

drug testing in pre-clinical trials. 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% [38]; whereas, the incidence of such cell lines and tissue 

samples at the University of Colorado School of Medicine is 29%. This problem is partially 

addressed by granting agencies and journals requiring some type of cell line authentication. The 

NIH has issued three notices, effective January 25, 2016, that “key biological and/or chemical 

resources" need to be regularly authenticated (NIH NOT-OD-15-103, -16-011, -16-012), and 

guidelines for reporting preclinical research (http://www.nih.gov/about/reporting-preclinical-

research.htm). However, the best approach to this problem is to tackle it at its source; specifically 

in the research laboratories of UCCC members.  

To meet this need, 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.  

 

Critical Validation Steps and Methods for Cell Lines and Tissues 

These BLPs apply to all laboratory members of CU research teams using cell lines, 
xenografts, and tissue samples in their research where the identity of the samples at the species 
and tissue level are specified and critical for the research. To utilize these BLPs, we have 
developed detailed recommendations of how they can be implemented in the research 
laboratories of members of the CU Cancer Center summarized in the following critical validation 
steps and methods one should use before, during, and upon completion of a project. 

1. Before starting a project, all cell lines intended to be used should be checked that they are 
neither listed in Cellosaurus as being problematic cell lines nor included in the ICLAC list of 
misidentified cell lines: http://iclac.org/databases/cross-contaminations.  

2. All cell lines for a project should be obtained from a validated source (if possible, from e.g., 
the ATCC, DSMZ, ECACC, JCRB, RIKEN) that provides both STR genotyping and 
mycoplasma testing data for the samples. The UCCC Cell Technology Shared Resource 
(CTSR) sells authenticated cell lines that are certified free of mycoplasma. 

3. Annual analysis by STR / DNA genotyping of human cell lines or tissue cultures is strongly 
recommended to confirm the authenticity of their genetic identity. Methods include STR 
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profiling, which is available through the Barbara Davis Center BioResources Core Facility 
Molecular Biology Unit at the University of Colorado Anschutz Medical Campus. 

4. New human cell lines or tissue cultures received by a laboratory should be authenticated by 
STR / DNA profiling and tested for mycoplasma contamination as soon as possible and 
before being used in the laboratory. Cells should be quarantined (kept in a separate 
incubator) before use or before being put into an incubator with non-contaminated cell lines. 
The only exception is if the cell line has been received directly from a repository that 
authenticates cell lines, and provides both an STR profile made from the same batch of cells, 
and a certification that they are mycoplasma-free. 

5. Newly established human cell lines or tissue cultures need to be authenticated by STR / DNA 
genotyping of both the cell line and the tissue from which they were derived. 

6. Where available, mouse, rat, and dog cell lines and strains may be authenticated by either 
STR or SNP genotype analysis.  

7. A large batch of the cell line should be grown up and aliquoted into standard freezer vials. 
Before use, one aliquot of the batch should be STR genotyped to confirm the authenticity of 
the batch of cells. The remainder vials of this seed stock should serve as a reserve for a 
complete set of experiments and any aliquot should not be passaged more than 20 times.  

8. In the case of primary tumor or explants (e.g., PDX models), multiple aliquots of the original 
tissue sample cell suspension should be stored and one aliquot genotyped to verify its identity 
matches that of the original patient sample. 

9. Cell lines or tissue cultures that have been subjected to biological selections (e.g., after 
transfection, selection for drug resistance, passaging through animals as xenografts, etc.) 
should be authenticated by STR / DNA genotyping before further use in the laboratory. For 
instance, a novel phenotype might be expected, but could be due to contamination. 

10. Whenever the cell line appears to respond abnormally or shows unexpected behavior or 
abnormal morphology during its use in a project, it should be authenticated by STR 
genotyping before further use, and/or the experiments should be repeated with a new aliquot 
of the authenticated seed stock. 

11. If the cell lines or tissue cultures are part of a grant application or manuscript submission, 
they must be authenticated before submission of a grant/manuscript (currently a requirement 
of the NIH and to various extents by multiple journals).  

12. Cell lines or tissue cultures distributed to other labs within and outside the University of 
Colorado should be accompanied with copies of the cell line's STR genotyping data and 
mycoplasma test results. The recipient should also confirm the STR profile and test for the 
presence of mycoplasma.  

13. All cell lines should be tested for mycoplasma on a regular basis, preferably by PCR-based 
kits, which are commercially available. This service is also offered through the Barbara 
Davis Center's BioResources Core Facility- Molecular Biology Unit 

In summary, these recommendations for evaluating cell cultures and tissue samples prior to their 

use, include 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 
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the experiments before submitting grants, manuscripts, and sharing samples with fellow 

researchers. The goal of these Best Laboratory Practices is to protect the integrity, validity, and 

reproducibility of biomedical research produced by members of the UCCC.  
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Introduction 

Begley [11] reported that a majority (50%-90%) of published biomedical research is not 

reproducible and Freedman et al. [25] 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 [26, 27, 33, 38, 39, 53, 54, 69]. At the University of 

Colorado, the UCCC DNA & Sequencing Shared Resource was, in 2001, one of the first core 

labs to offer cell line 

authentication in the 

US and 

internationally. 

Between 2001 and 

2014, of the samples 

submitted for 

analysis, we found 

the incidence of 

misidentified human 

cell lines being used 

in research ranged 

between 14% and 

48%, with an 

average of 29% (see 

adjacent figure; 

Korch, unpublished 

data; no data post-

closure of this core 

by UCCC). A 

similar prevalence of misidentification was seen among PDX samples submitted to this core 

(Korch, unpublished data, 2019).  

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 [38]; i.e. 

lower than the UCCC average. Many cell lines that were shown by Stanley Gartler to be 

misidentified as early as 1967 [30] are still being used under their false identities [32, 33, 39] 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 [68]. 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 [39]. Horbach and Halffman [33] 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 
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literature. Additionally, 7% or more of human genomic data are sequences derived from 

mycoplasma, a bacterial genus that frequently contaminates cell line cultures [41] and which can 

alter metabolic responses and impact the analysis of contaminated cell lines [1, 9, 14, 22-24]. 

In 2018, the Biocompare company [12, 55] 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 (IJC) 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) [63]. 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 [32-34, 36-39, 42, 63, 68, 71, 72]. 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 [29, 43, 48, 49, 52, 69]. 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 [63] 

allowing for continued publication of research based on false cell lines [25, 39, 68].  

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 [32, 33, 39, 68], but only about 100 articles have been 

retracted or issued notices of concern or corrigenda (see Appendices 2 and 3 in  [38] 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. [44-47], infrequent [38], and can be detrimental for the 

reputations of researchers and their institutions [64]. 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 [64]. Potentially, many billions of dollars have been used to support research based on 

false cell lines [25, 39].  

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, and drug testing in pre-

clinical trials, development and improvement of therapies for metabolic diseases and cancers of 

specific organs. This ultimately results in the waste of limited research resources [33, 38, 39, 61, 

63]. 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) [35], Cellosaurus – a Cell 

Line Knowledge Resource website [8]; and four guidance manuals for the authentication of 

human and mouse cell lines by analysis of STR genotypes, namely two ANSI-ATCC standards 

[5, 40] and two Assay Guidance manuals available on the NCBI website [3, 59]. 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 IJC has an exemplary 

cell line policy when considering manuscripts for publication (see [63] 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 [4, 5, 10, 28, 31, 50, 58-61, 63]. Building on the 

Cell Line Authentication Policy of the MD Anderson Cancer Center [67] (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 UCCC DNA Sequencing & Analysis core 

facility), we propose the following cell line and tissue sample authentication Best Laboratory 

Practices (BLPs) for University of Colorado biomedical research.  

 

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

Biomedical Research 

The UCCC 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, c) 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 



UCCC Best Cell Line Authentication Practices for Research Labs May 2023.docx Page 9 of 22 

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. [19]) or comparable methods to ensure the 

samples are authentic and not contaminated with cells from inappropriate animal 

species [6, 19, 34]; 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 [40], the NCBI Assay Guidance Manual [3], 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 2022 revision of the ANSI-ATCC 

Standard ASN-0002 describing Human Cell Line Authentication by STR DNA profiling [40] 

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 
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recommend or endorse any of the materials or equipment identified or imply that these are 
necessarily the best available for the purpose.  

  

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 [15], Freshney [28], Geraghty et al. [31], Korch et al. [40], the 2018 OECD 

Guidance Document on Good In Vitro Method Practices (GIVIMP) and others [10, 50, 

58-60]. 

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 [40]. 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. 

2. 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 [17], Cellosaurus [8], 

the Cell Line Project at the COSMIC Catalogue Of Somatic Mutations In Cancer [66], 

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).  

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

• 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.  

3. 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. 
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4. 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 

(for example as, but not limited to, HeLa, M14, 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. 

5. 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.  

6. 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 [2, 6, 8, 13, 19, 21, 51, 

56, 65]. New databases and technologies are under continuous development and should 

be incorporated into the laboratory’s best research practices. 

7. 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 [18, 70].  

8. 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 [6, 19] 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 [20, 55].  

� 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.  
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� 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. 

� 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 Handling Cell and Tissue Cultures 

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

contamination of cell lines. 

2. 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. 

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

4. 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. 

5. 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.  

• Does the STR genotype match the published data or the STR genotype of the original 

donor? 

6. Parson et al. [57] and Korch et al. ([37, 38], 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. [7], the ANSI-ATCC 

ASN-0002-2022 Standard [40], 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 
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passaging may provide an explanation for experimental STR genotypes not matching 

exactly those expected for the cell line(s) and their phenotypes changing. 

7. 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 to 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.  

8. 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.  

9. 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. 

10. Media components are variable between suppliers and between batches from the same 

supplier [62]. 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. 

III. 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 [41] 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, 9, 14, 

22-24]. 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 # LT07-703). 

 

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 [16] as explained elsewhere [3, 40]. 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. [63] 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 IJC 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 [6] or species-specific PCR of 
mitochondrial cytochrome B [19], 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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