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Study describing genetic instability in cancer cell lines is a ‘wake-up call’ for scientists,
drug developers

By Justin Chen

August 8, 2018

A cell line derived from a human colon cancer. S. Schuller/Wellcome Collection

wo labs perform the same experiment. Following identical instructions, they add drugs to cancer cells
growing in a Petri dish and wait. In the first lab all the cancer cells die, while in the second the drug has
no effect.

The reason for this discrepancy, a study published Wednesday suggests, is that cancer cell lines, regarded
by some scientists as genetically uniform, can evolve to have dramatically different responses to drugs.

Researchers have long suspected that, just as cancer cells can become resistant to drugs in patients, they
can undergo changes in Petri dishes. However, the new study1 is is the first to extensively describe that
process.

“The paper was a tour de force,” said Adrian Lee, director of the Institute for Precision Medicine at the
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University of Pittsburgh and the UPMC Hillman Cancer Center. “The strength of the paper was this
incredibly comprehensive approach. … They do the key things that everyone would want to know about
those cell lines.”

Lee was not involved with the study.

Other scientists who were not involved said they hoped the study will reinforce how different two
seemingly identical batches of cancer cells can be and demonstrate how researchers can take genetic
variations into account to better understand their findings.

“It’s a wake-up call telling us that we have to be more careful when doing our experiments,” said John
Quackenbush, professor at the Harvard T.H. Chan School of Public Health and director of the Center for
Cancer Computational Biology at Dana-Farber Cancer Institute. “A lot of people still grab cell lines out
of the freezer with the expectation that they are what they are and that they’re not going to change.”

Cell lines, a critical tool for cancer research, are created by plucking tumors out of patients and plating
them in Petri dishes. In many cases the tumors die, but with some luck and high-nutrient media the color
of red Kool-Aid, a few cells adapt to life on plastic and spread across the dish. Scientists, after nurturing
a cell line to life, ship samples to their colleagues around the world, thereby creating strains of that line
with distinct life histories.

Although cell lines don’t perfectly mimic tumors in a patient, they have become invaluable to cancer
research. They are easy to grow, enabling large drug screens and are also relatively simple compared to
animal models, allowing scientists to investigate the detailed molecular machinery driving cancer.

“We figured we should really look more closely at what do we know about these various types of
models,” said Dr. Todd Golub, chief scientific officer at the Broad Institute and an oncologist at the Dana-
Farber Cancer Institute who was the lead author of the study. “And what do we need to know about them
in order to use them most effectively.”

Golub and his team began their inquiry by comparing two sets of cell lines, each of which was housed in
a separate research institute. Theoretically, since the lines were descendants of the same parent cells, they
should have been identical; but researchers found major differences. Across 106 pairs, a median of 19
percent of mutations were present in a cell line from one institute but not the another.

For a more detailed analysis, Golub’s team focused on a breast cancer cell line named MCF-7. One of the
most widely used cell lines, MCF-7 was originally grown from tissue extracted from a nun in 1970.
Scientists, characterizing 27 strains of MCF-7 — all derived from the original sample but grown in
different labs — noticed striking genetic variation. Differences between strains included large-scale
disruption to genomic structure, such as loss or duplication of chromosome arms and associated genes, as
well as single base pair mutations. These differences affected gene expression and changed the cells’ size
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and shape, growth rate, and response to drugs.

How should researchers react to these findings? According to Golub, cell lines are still an important tool
but scientists need to frame drug response in the larger context of changes in gene expression.

“The evolution of cancer is everywhere,” he said. “We can all wish that [evolution] didn’t happen
because life would be simpler … but it does happen. So our point is that we need to acknowledge that it
occurs and deal with it.”
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Under the right circumstances, scientists believe that variation between strains of a cell line could even
be useful and help solve one of the enduring mysteries of cancer treatment: Why do certain patients
respond well to particular therapies while others do not?
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Researchers have been trying to solve this question by studying tumors from a wide range of patients and
comparing their sensitivity to drugs. However, cancer cells from different patients are unique from each
other in thousands of ways, making it difficult to pinpoint the exact changes responsible for drug
resistance. In contrast, cell line strains have a similar genetic background with a few key differences,
which narrows down the possibilities and simplifies the problem.

“This divergence — the diversity that we see — if we recognize it and use it appropriately, it may
actually be a helpful tool,” said Nancy E. Davidson, director of the clinical research division at the Fred
Hutchinson Cancer Research Center and the head of the division of medical oncology at the University of
Washington who was not involved in the study.

One way scientists can keep track of how cell lines have evolved is to characterize them by sequencing
their genomes and noting any changes to the number of genes or their DNA. With the decreased cost of
sequencing and other related technologies that measure gene expression, researchers hope that this kind
of once-onerous characterization will become routine. The National Institutes of Health now require
scientists to verify the identity of their cell lines before receiving funding.

“I hope that [this study] will reinforce the need that we all have to credential our lines on a regular basis,”
said Davidson. “It will help us be more methodologically deliberate in what we do because we’ll be
taking evolution into account.”

Other researchers are more cynical. To them, evolution is part of bigger problem6 of verifying cell lines
that has been swept under the rug. For years, scientists have been relying on human cell lines
contaminated with bacteria or cells from other animals. Even when these impurities have been
publicized, researchers have not retracted their papers and have even continued using tainted cell lines.

“I think this is really positive paper,” said Quackenbush,”but my biggest concern is that it’s not going to
change anything.”
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