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Fixing problems with cell lines

Technologies and policies can improve authentication

By Jon R. Lorsch'*, Francis S. Collins?,
Jennifer Lippincott-Schwartz>*

espite the important role of cell
culture in the study of biology and
medicine, evidence has accumulated

that cell lines are frequently mis-
identified or contaminated by other

cells or microorganisms. This can

be a substantial problem in many fields,
such as cancer research, where drugs are
initially tested using a cell line

POLICY derived from the targeted type
of tumor (7). If a drug is tested

on the wrong cell line, research can lead to
unreliable results, and discovery of effective
treatments can be delayed. Even in basic re-
search, use of mistaken cell lines can hinder
progress because of variations in cell behav-
ior among different cell types. Given these
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concerns, developing corrective measures
for cell line misidentification and contami-
nation warrants renewed attention.

Since the 1960s, more than 400 widely
used cell lines worldwide have been shown
to have been misidentified (2, 3). Cells origi-
nally thought to have been derived from
one tissue type have later been found to be
from a different tissue. In some cases, even
the species of the cells has been misidenti-
fied. A 2011 study of 122 different head and
neck cancer cell lines revealed that 37 (30%)
were misidentified (4). Analyses of a variety
of tissue culture collections and cells sent to
repositories for curation and storage from
labs in the United States, Europe, and Asia
suggest that at least 15% of cell lines are mis-
identified or contaminated (4, 5).

Misidentified cell lines can create prob-
lems at many levels of biomedical research.
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For example, studies using just two misiden-
tified cell lines were included in three grants
funded by the U.S. National Institutes of
Health (NIH), two clinical trials, 11 patents,
and >100 papers (6). Nonetheless, the need
for validation and accurate reporting of cell
line identity does not appear to be widely rec-
ognized by researchers; a 2013 study found
that fewer than half of cell lines were unam-
biguously identified in published studies (7).
A number of factors contribute to the prob-
lems of cell line misidentification and con-
tamination. For example, inadvertently using
a pipette more than once when working with
different cell lines in culture can lead to cross
contamination. If the contaminating cell line
divides more rapidly than the original cells, it
can quickly dominate the population, chang-
ing the identity of the culture. This event
often goes undetected because cells from dif-
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ferent sources can be morphologically simi-
lar (see the photo). Cultured cells can also
become contaminated with mycoplasma, vi-
ruses, or other microbes, which can alter the
cells’ behavior. Recent analyses suggest that 5
to 10% of cell culture studies have used cells
contaminated with mycoplasma (8, 9). Cell
lines in culture can also change over time
without any external contamination. As they
grow in the lab generation after generation,
cells can undergo chromosomal duplications
or rearrangements, mutations, and epigene-
tic changes that alter their phenotypes. Given
these factors, in the absence of preventative
steps, cell line alteration is inevitable and po-
tentially problematic.

Concerned scientists and research organi-
zations have made efforts to deal with this
problem. In 2007, the NIH issued a Guide
Notice (I10) drawing attention to the mis-
identification of cell lines and calling on
the reviewers of grants and manuscripts to
pay special attention to this issue. Despite
these efforts, the problem appears to have
persisted. The time and cost required for
authenticating cell lines likely has been a
barrier to widespread adoption of best prac-
tices. Shortcomings in training also play a
role, as do sociological issues. For example,
it is hard for both individual scientists and
their fields to accept that their work could
be called into question because the wrong
cell line was used. For some researchers, the
problem may even seem insignificant in the
context of their specific research focus; after
all, all animal cells have microtubules, mo-
tor proteins, and ribosomes, which may lead
some scientists to feel that the particular cell
type they are studying is irrelevant. These
issues may help explain why, even after the
misidentification of a cell line has been made
public, researchers often continue to publish
work attributing the line to its misidentified
source [reviewed in (11)].

So what more can we do to address this
problem? We believe the biomedical research
community—including funding agencies,
scientific societies, journals, reagent suppli-
ers, and investigators themselves—needs to
give greater focus to the problem of cell line
misidentification and must work together to
develop new ways to address the complex
issues associated with it. A multipronged
strategy that combines additional research,
alteration of practices, improved training,
and investment in the development of new
technologies will be necessary.

Some research institutes are urging all
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Similar cells, different species. Monkey cells (red)
and human cells (green) growing together in culture.

their scientists to fingerprint new cell lines
as soon as they arrive in the lab and peri-
odically thereafter. Fortunately, the cost
of validating cell lines is falling thanks to
improvements in testing techniques. One
method, using short tandem repeat (STR)
analysis to identify DNA sequences unique
to a cell line, is now widely available. This
approach is inexpensive and rapid, and
there are online databases that allow STR
fingerprints to be compared to verify cell
line identity. For example, ATCC has an STR
database of all of its human cell lines. Al-
though it can authenticate commonly used
human cell lines, STR cannot distinguish
many lines from other species, and it lacks
the resolution needed to identify most ge-
netic changes. It is also a technique that is
usually done in core facilities rather than
routinely by individual researchers, which
presents a barrier to frequent use. Thus, we
still need technological improvements to ad-
dress these problems.

For its part, the NIH is considering several
approaches to help catalyze improvements
in identifying cell lines and maintaining
their integrity. First, grant applicants may
be required to provide information on how
they intend to address concerns about the
identity of their cell lines, the composition
of their key reagents, and contamination
of their cells, similar to the model organ-
ism—sharing plans that are already included
in NIH grant applications. Standards and
suggested best practices will be developed
with the help of academic and industrial
researchers, the professional societies, and
other organizations and government agen-
cies, such as the American Society for Cell
Biology, the Global Biological Standards
Institute, and the U.S. National Institute of
Standards and Technology.

The NIH is also considering investing
in development of improved technologies
for cell culture studies, including faster,
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cheaper, and easier methods for the valida-
tion of cell lines and inexpensive, defined,
and controllable media for cell growth.
These are areas where reagent suppliers
and equipment manufacturers will also
need to play a role. In addition, the NIH is
exploring funding studies to determine the
extent to which variables such as cell type
and genetic drift affect the reproducibility
and generalizability of biomedical research
results. Recently, several components of
the NIH launched an initiative to help uni-
versities and other organizations enhance
training in good laboratory practices (12),
an effort in which the professional societies
could also be instrumental. Given the global
nature of the cell line authentication prob-
lem, the NIH will engage additional funding
agencies in the United States and around
the world to develop concerted approaches
to address these and other problems related
to reproducibility in cell culture studies and
overall rigor of experimental design in life
sciences research (13).

The journals and their reviewers also have
an important role to play; they can ensure
that authors include in published manu-
scripts data on cell line quality and identity,
as well as details about key reagents used
in their studies. Some journals have already
adopted guidelines and checklists to help
make sure these goals are achieved (14),
and we urge widespread adoption of these
standards. Of course, the authors themselves
are ultimately responsible for authenticating
their cell lines as rigorously and carefully as
possible and for training the next generation
of scientists to do the same.

If all of these groups work together, we are
confident that the reproducibility and rigor
of cell culture studies will improve. m
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