
 

Scientists discover surprise anticancer
properties of common lab molecule
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Incorporation of thymidine analogs into the human genome and removal of EdU
by nucleotide excision repair. (A) Chemical structure of thymidine analogs used
in this study. (B) Slot blot assay to test the reactivity of thymidine analogs with
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anti-BrdU antibody. HeLa cells were cultured either in regular medium or
medium containing 10 μM thymidine analog (EdU, BrdU, CldU, IdU, F-ara-
EdU, or AmdU) for 24 h. Genomic DNA was isolated, loaded onto a
nitrocellulose membrane, and incubated with anti-BrdU or anti-ssDNA antibody.
Anti-BrdU antibody recognizes BrdU, EdU, CldU, and IdU labeled genomic
DNA. (C) Excision assay with anti-BrdU antibody immunoprecipitation. HeLa
cells were treated with 10 μM thymidine analogs: EdU, BrdU, IdU, or CIdU for
24 h, then low-molecular-weight DNA was extracted by the Hirt procedure and
immunoprecipitated with anti-BrdU antibodies. Purified, excised
oligonucleotides were radiolabeled at the 3′ end together with a 50-mer as a
spike-in internal control and separated on a DNA-sequencing gel along with a
DNA ladder. (D) Removal of EdU requires excision repair. Human NHF1 wild-
type and XPA−/−XPC−/−CSB−/− mutant cells (knockout [KO]) were treated with or
without 10 μM EdU for 24 h. Then, cells were lysed by the Hirt procedure, and
low-molecular-weight DNA in the supernatant was immunoprecipitated with anti-
BrdU antibodies. The oligonucleotides were mixed with a 50-mer internal
control, 3′ end-labeled, and analyzed on a DNA-sequencing gel. EdU excision
product is produced by the wild-type NHF1 cells but not by the excision repair
defective XPA−/−XPC−/−CSB−/− cell line. (E) In vivo excision assay with TFIIH
antibody immunoprecipitation. HeLa cells were treated as in (C), and the
primary excision products were isolated by TFIIH immunoprecipitation. Purified
primary products were mixed with a 50-mer internal control oligonucleotide, 3′
end-radiolabeled, and separated on a DNA-sequencing gel along with a DNA
ladder. The excised oligomers are 25 to 32 nt in length, as is the case in excision
repair of bulky adducts. Low-molecular-weight excised oligomers are not
observed in TFIIH IPs, because after the excision products are released from
TFIIH, they are degraded, and as seen in (C) and (D), can be immunoprecipitated
with anti-BrdU antibodies. Credit: Proceedings of the National Academy of
Sciences (2022). DOI: 10.1073/pnas.2210176119

Scientists at the UNC School of Medicine have made the surprising
discovery that a molecule called EdU, which is commonly used in
laboratory experiments to label DNA, is in fact recognized by human
cells as DNA damage, triggering a runaway process of DNA repair that
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is eventually fatal to affected cells, including cancer cells.

The discovery, published in the Proceedings of the National Academy of
Sciences, points to the possibility of using EdU as the basis for a cancer
treatment, given its toxicity and its selectivity for cells that divide fast.

"The unexpected properties of EdU suggest it would be worthwhile to
conduct further studies of its potential, particularly against brain
cancers," said study senior author Aziz Sancar, MD, Ph.D., the Sarah
Graham Kenan Professor of Biochemistry and Biophysics at the UNC
School of Medicine and member of the UNC Lineberger
Comprehensive Cancer Center. "We want to stress that this is a basic but
important scientific discovery. The scientific community has much work
ahead to figure out if EdU could actually become a weapon against
cancer."

EdU (5-ethynyl-2′-deoxyuridine) is essentially a popular scientific tool
first synthesized in 2008 as an analog, or chemical mimic, of the DNA
building block thymidine—which represents the letter "T" in the DNA
code of adenine (A), cytosine (C), guanine (G) and thymine (T).
Scientists add EdU to cells in lab experiments to replace the thymidine
in DNA. Unlike other thymidine analogs, it has a convenient chemical
"handle" to which fluorescent probe molecules will bond tightly. It thus
can be used relatively easily and efficiently to label and track DNA, for
example in studies of the DNA replication process during cell division.

Since 2008, scientists have used EdU as a tool in this way, as published
in thousands of studies. Sancar, who won the 2015 Nobel Prize for
Chemistry for his seminal work on DNA repair, is one such scientist.
When his lab began using EdU, his team unexpectedly observed that
EdU-labeled DNA triggered a DNA repair response even when it wasn't
exposed to DNA-damaging agents, such as ultraviolet light.
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"That was quite a shock," Sancar said. "So we decided to explore it
further."

Following up on the strange observation, the team discovered that EdU,
for reasons that are still unclear, alters DNA in a way that provokes a
repair response called nucleotide excision repair. This process involves
the removal of a short stretch of damaged DNA and re-synthesis of a
replacement strand. This is the mechanism that repairs most damage
from ultraviolet light, cigarette smoke, and DNA-altering chemo drugs.
The researchers mapped EdU-induced excision repair at high resolution
and found that it occurs across the genome, and it apparently occurs
again and again, since each new repair strand includes EdU and thus
provokes the repair response anew.

It had been known that EdU is moderately toxic to cells, though the
mechanism of its toxicity had been a mystery. The team's findings
strongly suggest that EdU kills cells by inducing a runaway process of
futile excision repair, which ultimately leads the cell to terminate itself
through a programmed cell-death process called apoptosis.

That discovery was interesting in its own right, Sancar said, because it
suggested that researchers using EdU to label DNA need to take into
account its triggering of runaway excision repair.

"As we speak, hundreds and maybe thousands of researchers use EdU to
study DNA replication and cell proliferation in lab experiments without
knowing that human cells detect it as DNA damage," Sancar said.

Sancar and colleagues also realized that EdU's properties might make it
the basis for an effective brain cancer drug because EdU becomes
incorporated into DNA only in cells that are actively dividing, whereas,
in the brain, most healthy cells are non-dividing. Thus, in principle, EdU
could kill fast-dividing cancerous brain cells while sparing non-dividing,
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healthy brain cells.

Sancar and his team hope to pursue follow-up collaborations with other
researchers to investigate EdU's properties as an anticancer agent.

"Prior studies have already found evidence that EdU kills cancer cells,
including brain cancer cells, but strangely, no one has ever followed up
on those results," Sancar said.

  More information: Li Wang et al, Nucleotide excision repair removes
thymidine analog 5-ethynyl-2′-deoxyuridine from the mammalian
genome, Proceedings of the National Academy of Sciences (2022). DOI:
10.1073/pnas.2210176119
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