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Abstract

Continuous cell lines are widely used, but can result in
invalid, irreproducible research data. Cell line misidentification
is a common problem that can be detected by authentication
testing; however, misidentified cell lines continue to be used in
publications. Here we explore the impact of one misidentified
cell line, KB (HeLa), on the scientific literature. We identified
574 articles between 2000 and 2014 that provided an incorrect
attribution for KB, in accordance with its false identity as oral
epidermoid carcinoma, but only 57 articles that provided a
correct attribution for KB, as HeLa or cervical adenocarcinoma.
Statistical analysis of 57 correct and 171 incorrect articles

showed that the number of citations to these articles increased
over time. Content analysis of 200 citing articles showed there
was a tendency to describe the cell line in accordance with the
description in the cited paper. Analysis of journal impact factor
showed no significant difference between correct and incorrect
groups. Articles using KB or citing that usage were most fre-
quently published in the subject areas of pharmacology, phar-
macy, oncology, and medicinal chemistry. These findings are
important for science policy and support the need for journals
to require authentication testing as a condition of publication.
Cancer Res; 77(11); 2784–8. �2017 AACR.

Cell Line Misidentification Is an Important
Cause of Invalid Data

Cancer cell lines, such as the cervical carcinoma cell line HeLa
(1), are used as models by many laboratories to explore cancer
biology and test therapeutic agents (2, 3). Cross-contamination
results in misidentified or false cell lines, which no longer corre-
spond to the original donor, but instead come from a different
donor or species. This common cell culture problem affects the
validity of cell lines as cancer models (4), even if a cell line is
widely used, it may not be a valid model for the tumor type from
which it was reportedly established. Failure to address this con-
cern is an important cause of erroneous and misleading research
data (4).

Some journals and funding bodies recognize the problem and
have moved to require cell line authentication testing (5, 6).
However, many others do not require authentication, allowing

continuedpublicationofworkusingmisidentified cell lines (4,7).
Short tandem repeat (STR) genotyping is now widely available to
authenticate human cell lines, but is not yet widely performed by
research laboratories. Consequently, as many as 18%–48% of cell
lines are believed to be misidentified (8, 9) and this remains an
important cause of invalid data in preclinical research.

Assessing the impact of cell line misidentification in the
scientific literature

Review of the scientific literature has uncoveredmore than 400
misidentified cell lines (ref. 10; iclac.org/databases/cross-contam-
inations/). It can be difficult to track their usage and understand
their impact over time. Cell line names are frequently short (e.g.,
"FL," "KB"), include common terms or descriptions (e.g., "Chang
liver"), and can change over time (Supplementary Table S1; refs. 7,
11). To understand the impact of misidentification, we studied a
single misidentified cell line where we could curate the reference
dataset to improve its validity.

The KB cell line was established in 1955 by Harry Eagle (12),
reportedly from an epidermoid carcinoma (now known as squa-
mous cell carcinoma, SCC), from the larynx of amale donor. Eagle
was also working with HeLa at that time (13). In 1966, Gartler
demonstrated that KB was misidentified and corresponded to
HeLa (14). Gartler's finding has been confirmed multiple times
usingmultiplemethods (15, 16).Original stocks of KB, deposited
at the ATCC by Harry Eagle (www.atcc.org/Products/All/CCL-17.
aspx#history), were shown to be HeLa (17). After 50 years of
testing, no authentic material has been found.

Many publications describe the cell line incorrectly, even as
recently as in Cancer Research 75th Anniversary Commentaries,
where the cell line was described as coming from nasopharynx
(18).Despite reviews and letters that urge ahalt to its use as anoral
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cancer model, the KB cell line continues to be widely used (3, 4,
19–21). Some other publications describe the cell line correctly as
cervical carcinoma or as a HeLa derivative; these may help to raise
awareness of KB as a misidentified cell line.

Citation analysis can trace and assess the dissemination of
information in the framework of documented scholarly commu-
nication, where it is a long-used and proven method (22–24).
Erroneous ideas, incorrect results, and even fraud can be cited (25,
26) and thus have an impact on their respective research fields.
Using KB as amodel, we explored the impact of misidentified cell
lines on the scientific literature by generating curated reference
datasets to determine how many articles refer to KB correctly and
incorrectly and how they are cited.

The KB cell line was used in more than 600 journal articles
published in 2000–2014

Weconducted two searches for the term"KB"using thePubMed
database (www.ncbi.nlm.nih.gov/pubmed/) in the period 2000
to 2014. The first search examined "Correct" usage of the KB cell
line, which we defined as an accurate description using the terms
"cervical," "cervix," or "adenocarcinoma." The second search
examined "Incorrect" usage of the KB cell line, which we defined
as an inaccurate or misleading description using the terms "head
and neck," "oral," "SCC," "squamous," or "epidermoid." "Cor-
rect" and "Incorrect" were defined according to how the cell line is
described, because readers are guided by those descriptions when
choosing it for their own work.

Search results were curated manually to confirm use of the KB
cell line and exclude other uses of the term "kb." Curation was
performed by examining titles and abstracts. It should be noted
that titles and abstracts were typically examinedwithout reference
to the text body. Many articles refer to cell lines only in their
Methods sections, so this is an important limitation to this study
arising from insufficient time and journal access. References with
unclear (indeterminant) descriptions were excluded from both
datasets, creating a clear distinction betweenCorrect and Incorrect
groups.

This approach generated a total of 631 journal articles that used
KB cells in the period 2000–2014, separated into "Correct" and
"Incorrect" reference datasets for further analysis. More informa-
tion on reference collection is supplied in the Supplementary
Methods. Datasets used in this study are provided in full in
Supplementary Tables S2 and S3.

KB cells were incorrectly described as oral or squamous cell
(epithelioid) carcinoma in 574 articles and correctly described
in only 57 articles

Figure 1A shows thedistributionof journal articles that used the
KB cell line in the period 2000–2014 and the ratio of Correct to
Incorrect papers.We identified574articles inwhich the identity of
the cell line KBwas described incorrectly ("KB Incorrect" or simply
"Incorrect" articles) and 57 articles in which the identity was
described correctly ("KB Correct" or simply "Correct" articles).
The overall ratio of Correct:Incorrect was 1:10. The ratio increased
in the last five years (2010–2014), indicating that proportionally
more correct descriptions were published in recent years. How-
ever, the pool of "Incorrect" articles continued to greatly exceed
the total number of "Correct" articles.

Considering the overwhelming number of articles that incor-
rectly described KB as oral or squamous cell (epithelioid) carci-
noma, we examined whether any were associated with a correc-

tion statement or retraction notice. We found seven corrections,
all in our Incorrect dataset; none of these corrections addressed
cell line informationor usage (data available on request).Wewere
unable to find any retractions within our datasets.We are aware of
only one article that has been retracted for use of KB, published
after our study period in 2015 (27, 28), and yet the retraction
notice describes KB incorrectly as being of oral origin. This finding
fits with other work showing that fewer than 20 journal articles
have been retracted because of misidentified cell lines (unpub-
lished data; ref. 29). A common cause of retraction is due to not
authenticating selected drug-resistant subclones (30).

Considering that STR profiling clearly shows if a cell line
corresponds to HeLa, we examined whether any articles referred
to authentication testing. For this question, we used theHighWire
database (highwire.stanford.edu/cgi/search; ceased operations in
January 2017), which includes the body of the manuscript in its
searches if available. We found only three articles that referred to
authentication testing in our datasets, two in the Incorrect group
and one in the Correct group (data available on request).

Articles using KB cells are increasingly cited, resulting in a
greater impact when incorrect descriptions are used at greater
frequency

To understand the impact of publications using KB cells, we
retrieved all journal articles that cited Correct or Incorrect original
articles, using the 2001 to 2015 annual volumes of the Web of
Science Core collection database. Each Correct original article was
matched with three Incorrect original articles, selected at random
from the same publication year, giving a total of 228 articles for
citation analysis (57 Correct, 171 Incorrect; Supplementary Table
S4). More information on citation analysis can be found in the
Supplementary Methods.

Figure 1B shows the distribution of articles citing Correct and
Incorrect datasets, and the normalized ratio of citations toCorrect:
Incorrect groups. A total of 1,418 articles cited the Correct dataset,
and3,074 articles cited the Incorrect dataset (mean citation counts
¼ 24.9 for Correct and 18.0 for Incorrect groups; the difference is
statistically significant,P<0.05). Very few articles were not cited at
least once (2/57 Correct and 7/171 Incorrect; Supplementary
Table S5). Citations grew considerably over time (Fig. 1B). The
high proportion of Incorrect articles (Fig. 1A) would indicate that
publications describing KB incorrectly are cited by a greater
number of researchers over time.

Publications are cited for many reasons, not all of which relate
to cell line usage. We examined the content of articles that cited
Correct and Incorrect datasets (100 articles per group) in 2014–
2015, to determine if KB cells were used in citing articles (data
available on request). Results are summarized in Supplementary
Table S6.We found that 31 of 100 articles citing a "Correct" article
also usedKB cells, with 20 of these describing the cells correctly. In
contrast, 9 of 100 articles citing an "Incorrect" article usedKB cells,
with five of these describing the cells incorrectly. We found that
the citing articles tended to use KB in accordance with the
description in the original article, i.e. Incorrect tend to cite
Incorrect and Correct tend to cite Correct (x2 test, df ¼ 3, P <
0.001). Some "indeterminant" usage was also noted, with refer-
ences describing KB cells in a way that avoided differences in
terminology, for example "cells" or "cancer." It should be noted
that this is a small sample size, due to the labor intensive nature of
the analysis (reading each paper), so we must be cautious when
drawing conclusions from these data.
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We collected data on Journal Impact Factor (JIF) for all Correct
and Incorrect original articles, and for all citing articles. Although
JIF is not a primary measure of journal quality and should not be
used to evaluate individual articles or their authors, it has proven
to be an accepted and objective measure of journal prestige and
performance, notably at aggregate levels (31). We found no
significant differences (P > 0.05) between original articles in
Correct and Incorrect groups or between the articles that cited
them (Supplementary Table S7). This implies that, as measured
by JIF, there were no significant differences in the quality of
journals in which the Correct and Incorrect original articles, or
their associated citing articles, were published.

Finally, we collected data on journal subject areas for all Correct
and Incorrect original articles, and for all citing articles. The top
three research fields for all groups were Pharmacology and Phar-
macy, Medicinal Chemistry, and Oncology (Supplementary Table
S8). Looking inmoredetail, 12%(71/574)of articlesdescribingKB
incorrectly were published in 27 journals with oral, dental, or
laryngeal orientation, whereas none of the articles describing KB
correctly appeared in these journals (data available on request).
More than 78% of articles from both Correct and Incorrect groups
were used to study the effects of drugs, as judged by their Medical
SubjectHeadings (MeSH) classification in PubMed (data available
on request). We concluded that these fields are most affected by

Figure 1.

A,Distribution and ratio of articles that
described KB cells correctly and
incorrectly in the period 2000 to 2014.
B, Distribution and normalized ratio of
articles citing the original KB Correct
and KB Incorrect articles between
2002 and 2015. (Data sourced from
ThomsonReutersWebof ScienceCore
Collection.)
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usage of KB cells; a great deal of research on oral cancer, SCC, oral
cells, or the effects of drugs on cell responses are based on incorrect
descriptions of KB. There is the potential for incorrect results in
these fields, negatively affecting treatment choices for patients.

Authentication testing and accurate cell line descriptions are
essential for cell lines to be correctly used as research models

Cell lines are chosen as research models for many different
reasons. Cell lines may be used to model (i) a specific organism
(human in the case of KB); (ii) a specific type of tissue from that
organism; (iii) a specific biological process; (iv) a specific disease;
or (v) the effects of drugs on specific biological processes. The
identity or authenticity of the cell line is important for all these
reasons, as part of ensuring that it is an appropriate model and
results are reproducible.

Although the number of journals that require authentication is
increasing, very few journal articles currently provide information
on authentication testing. Researchers must rely on cell line infor-
mation supplied by the authors to judge whether a cell line is
appropriate for their ownwork. The tissue typeor disease statemay
not appear to be relevant for all studies, but readers will use that
information to make their own cell line choices. Cell line infor-
mationmust be accurate or the research community will bemisled
when drawing conclusions from that work. This is particularly of
concernwhen therapeutic substances are tested in cell linemodels.

Analysis of KB cell line information shows a complex picture
with diverse descriptions. KB cells are described as coming from
many different tissues including nasopharynx, gastrointestinal
tract, and kidney (Supplementary Table S1). Authors frequently
fail to describe KB cells as HeLa variants, even when including
correct references to sources that reported this information, or
provide source information for the originating laboratorywithout
providing literature references to clarify the nature of the cells.
Incorrect attribution as "epidermoid carcinoma" rather than
"adenocarcinoma" is particularly common. ATCC referred to KB
cells as epidermoid carcinoma until relatively recently, making
this a likely contributing factor.

Recent efforts have beenmade to improve thequality of cell line
information and thesemay contribute to the increased number of
papers that refer to KB correctly (Fig. 1A). Efforts include agree-
ment on a consensus method for authentication of human cell
lines (4); recommendations for standardized terminology (11);
efforts by journals to encourage or require authentication (6); the
establishment of the International Cell Line Authentication Com-
mittee (iclac.org); and the development of Cellosaurus, a resource
for cell line information (web.expasy.org/cellosaurus/descrip-
tion.html). However, any improvements in citation practices will
lag behind changes in publication practice and leave much
incorrect information to plague the research literature.

New initiatives are needed, such as the NIH-proposed
principles and guidelines for reporting preclinical research
(www.nih.gov/about/reporting-preclinical-research.htm), which

would implement authentication of cell lines as a requirement
for grants and journals.More than80 journals and societies agreed
to adhere to these principles. Recently, the NIH issued three
notices that mandate cell line authentication as a requirement
for submission of different types of grants starting in January 2016
(NOT-OD-15-103, NOT-OD-16-011, and NOT-OD-16-012).
Implementation of these requirements into policy should
result in detection of all KB usage in articles published from that
point in time.

Although accurate reporting of cell line information is impor-
tant, testing and further characterization are also required. Even
where authentication testing has been reported, cell lines may fail
to mimic the tissues or diseases from which they originated
because of other variables. For example, lack of reproducibility
in toxicity studies can be traced back to variations in cell line
sources and reagents (32, 33). A cell line's validity as a research
model should never be taken for granted. Evaluation and opti-
mization of cell line choices, culture conditions, and reporting
will improve our preclinical research models.

A limitation of this study shouldbenoted:wehaveonly studied
recent literature using a single example from more than 450
knownmisidentified cell lines (iclac.org/databases/cross-contam-
inations/). The findings of this study should not be generalized to
the literature of other cell lines without further validation. Hope-
fully, the implementation of policies requiring cell line authen-
tication for journals and grants will improve the quality of the
literature using cell lines. However, should the pool of incorrect
literature for other cell lines be found to be greater than that for
correct literature, the use of such false cell lines will persist and
pervade the scientific literature for the foreseeable future.
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