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A defence
protein that
causes cancer

How APOBEC, a protein that
fight viral infections,
becomes a dangerous
mutagen when DNA
replication goes awry

PRESS RELEASE

Geneva | 22 January 2016

Cancer is caused by the growth of an abnormal cell which har-
bours DNA mutations, “copy errors” occurring during the DNA
replication process. If these errors do take place quite regularly
without having any damaging effect on the organism, some of
them affect a specific part of the genome and cause the proli-
feration of the mutant cell, which then invades the organism. A
few years ago, scientists have identified an important mutagen
which lies in our own cells: APOBEC, an endogenous protein
that usually functions as protecting agent against viral infec-
tion. Today, a team of Swiss and Russian scientists led by Ser-
gey Nikolaev, geneticist at the University of Geneva (UNIGE),
Switzerland, has deciphered how APOBEC takes advantage of a
weakness in our DNA replication process to induce mutations in
our genome. To be read in Genome Research.

APOBEC is a useful, yet dangerous, intrinsic cellular protein.
Primarily meant to fight viruses, it has only the power of mo-
difying single-stranded DNA - viral DNA being frequently single-
stranded. Our double-stranded human DNA should therefore
not be altered. But researchers have observed that mutations
induced by APOBEC can be found in many tumorous cells, throu-
ghout the genome. How can APOBEC - which can affect only
single-stranded DNA — be the cause of so many cancers in hu-
man beings? Scientists have already brought the evidence that
about 20% of APOBEC mutations originate from an abnormality
in the DNA, called “double-stranded breaks” which leaves, for
a period of time, a part of DNA in a single-stranded state. It is
this particular moment that APOBEC targets to cause multiple
mutations. But if this mechanism accounts for 20% of APOBEC-
related mutations, it is the mechanism governing the remaining
80% that the scientists at UNIGE and their colleagues in Mos-
cow were able to understand.

The machinery of DNA replication

During the cell division process, the DNA must be replicated
according a precise process and timing to produce two iden-
tical copies from the original DNA. The replication begins at a
specific location. The separation of the two original strands and
the synthesis of the new ones then result in a replication fork:
the new strands are rebuilt as the fork moves along the chro-
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mosome. During DNA replication, the two strands are replicated
by different mechanisms which depend on the direction of the
replication fork. If one of the two strands is constructed right
away, the second one cannot be reconstructed as quickly. As a
result, one strand, the “leading strand”, never exists as single-
stranded DNA, whereas the other one, the “lagging strand”, re-
mains single-stranded for some time.

“Since we knew that APOBEC can only mutate single-stranded
DNA, we needed to identify in what direction the replication
fork was going in order to identify the DNA regions that stay
single-stranded for longer period of time, explains Sergey Ni-
kolaev. For the first time ever, we managed to do so in human
cells. We were able to identify the direction of the replication
fork for about 20% of the genome, and found twice as many
mutations on the lagging strand, compared with the leading
strand.” With this discovery, the scientists brought the evidence
that APOBEC, takes advantage of the moment when the lagging
strand remains single, and mutates it.

Mutations that affect our most important genes

DNA replication programme is very conservative. The most im-
portant and well-protected genes replicate early, while some
less important genes are replicated later on. Usually, the muta-
tion rate is three times higher in the genome regions that repli-
cate at a later stage.

“We were very surprised to observe that, in APOBEC cancers, the
mutation rateis equally distributed for all mutation types. When
APOBEC is involved, mutations occur early during replication,
and affect important genes. These mutations tend, therefore,
to be more deleterious than other kind of mutations, explains
Vladimir Seplyarskiy from the Russian Academy of Sciences and
first author of this study. In this case APOBEC can be conside-
red as a consequence of another perturbation of the mutational
process in APOrich tumors. . Indeed, the genome regions replica-
ting early should not stay in a single-stranded state long enough
for APOBEC to act. It means that something is going wrong even
before APOBEC comes on the scene. ” The scientists will conti-
nue their research to better understand how tumorous cells
replicate their DNA differently from healthy cells.
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