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Work on PARPs—a family of enzymes that catalyze
ADP-ribosylation, a posttranslational modification of
proteins—has resulted in major advances and reached im-
portant milestones. The past decade has seen new discov-
eries in areas well beyond the historical focus on DNA
repair, which are having impacts on the understanding
and treatment of human disease. This special focus sec-
tion of Genes & Development includes seven reviews
that highlight these discoveries and point theway forward
for future advances in the field.

The field of ADP-ribosylation is nearly six decades old,
but still faces many unanswered questions. ADP-ribosyla-
tion is a posttranslational modification of proteins, in
which the ADP-ribose unit of nicotinamide adenine dinu-
cleotide (NAD+) is covalently linked to specific amino
acid acceptor sites in substrate proteins (Gupte et al.
2017). This modification is mediated by a family of en-
zymes, known as the poly(ADP-ribose) polymerases
(PARPs) (Amé et al. 2004). This issue ofGenes&Develop-
ment contains seven reviews that highlight many of the
recent advances on PARPs and ADP-ribosylation. In this
Editorial, I provide a brief overview of the field and an in-
troduction to these reviews.

A growing field, coming of age

Poly(ADP-ribosyl)ation of proteins, in which chains of
ADP-ribose units are added onto substrate proteins, was
initially discovered by Pierre Chambon and colleagues
in 1963 (Chambon et al. 1963). In the ensuing six decades,
the field has explored the biochemistry, molecular biol-
ogy, genetics, and physiology of PARPs and ADP-ribosyla-
tion, focusing for many years on the role of PARP-1, the
founding member of the family, in DNA repair. More re-
cent studies have led to the identification of a family of
PARP enzymes and their involvement in a much broader
set of biological processes. This has gone hand in hand
with a recognition of the importance of PARPs and
ADP-ribosylation in human diseases, as well as the devel-
opment of PARP inhibitors to treat these diseases. These

advances are addressed in detail in the seven reviews in-
cluded in this issue.
A vibrant and well-established field of biomedical re-

search should reach a number ofmajormilestones, includ-
ing (1) government-sponsored research programs focused
on key topics in the field, (2) an international meeting
sponsored by a major conference organization, (3) high-
impact publications representing the most forward-look-
ing research in the field, (4) FDA-approved drugs being
used in clinics to treat major human diseases, and (5) the
attention of the broader scientific community. Although
it has taken perhaps longer than onemight have expected,
the field of PARPs andADP-ribosylation has reached all of
these milestones. This special issue will hopefully con-
tribute to the latter and is being published to coincide
with the fourth Cold Spring Harbor Laboratory meeting
on “The PARP family and ADP-ribosylation,” being
held on April 1–4, 2020.

Recent advances in PARPs and ADP-ribosylation

The reviews presented in this issue cover a range of topics
on various aspects of PARPs and ADP-ribosylation that
represent some of the major advances in the field made
over the past 5–10 years. These include (1) the study of
the enzymology of ADP-ribosylation beyond PARPs, (2)
new aspects of the molecular biology and biochemistry
of PARPs, (3) new insights into the biology of PARPs
and ADP-ribosylation, and (4) the therapeutic potential
of inhibiting PARPs and associated enzymes.
One aspect of PARPs and ADP-ribosylation that has ad-

vanced quickly is a recognition that the enzymology sur-
rounding ADP-ribosylation is much broader than that
contributed solely by the PARP enzymes. This is reflected
in new understanding about the role of NAD+ biosynthe-
sis in supporting PARP activity, as well as the role of ADP-
ribose removal in determining the biological outcomes of
ADP-ribosylation. In this regard, Cohen (2020) discusses
how different subcellular pools of NAD+ are established,
maintained, and regulated to control signaling by PARPs
through ADP-ribosylation, while Rack et al. (2020)
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discuss the molecular functions, physiology, and patholo-
gy of ADP-ribosyl hydrolases in ADP-ribosyl signaling
pathways.

An aspect of PARPs and ADP-ribosylation that has de-
veloped considerably over the past decade or so is a greater
appreciation of their molecular and biochemical func-
tions in the cell. While the roles of PARPs and ADP-ribo-
sylation in DNA damage detection and repair have long
been understood, other aspects of their function (e.g., reg-
ulation of RNA, chromatin, and gene expression) have
only received attention more recently. Interestingly, if
one uses the protein substrates of the nuclear PARPs as
an indicator of their biological functions, then RNA biol-
ogy and gene regulation receive a greater emphasis within
the cell than DNA repair (Gibson et al. 2016). Considering
a broader view of the diverse molecular and biochemical
functions of PARPs and ADP-ribosylation will undoubt-
edly help the field gain a greater understanding of their
biology and therapeutic potential. Two reviews in this is-
sue cover topics in this realm. Azarm and Smith (2020)
discuss the role of nuclear PARPs and ADP-ribosylation
in genome integrity, including their roles in genome re-
pair, replication, and resolution, while Kim et al. (2020)
cover their roles in various aspects of RNA biology, in-
cluding RNA expression, processing, and splicing; protein
translation; and proteostasis.

The past two decades have also witnessed a greater un-
derstanding of the vast biology of PARPs and ADP-ribosy-
lation. While the unremarkable phenotypes observed in
the first Parp1-null mice reported in 1995 may have cast
a pall over the field (Wang et al. 1995), persistence with
other genetic models in worms and flies, as well as addi-
tional studies in mice, have paid dividends. More specific
and focused analyses, especially in response to various
stresses, have revealedkey roles forPARP-1 in genomesur-
veillance, carcinogenesis, metabolic control, and aging.
Moreover, mouse genetic models to study other PARP
family members, including PARP-2, PARP-3, PARP-5
(tankyrase), and PARP-7 (TIPARP) have provided a wealth
of information about the broader physiology of these en-
zymes. Two reviews in this issue are devoted to new un-
derstanding about the physiology and pathophysiology of
PARPs and ADP-ribosylation. Szántó and Bai (2020) dis-
cuss the role of PARPs and ADP-ribosylation inmetabolic
regulation and adipogenesis, while Fehr et al. (2020) high-
light the impact of PARPs and ADP-ribosylation on
the immune system, inflammation, and host–pathogen
interactions.

Finally, a key goal for any field of biomedical science is
the translation of its basic science into therapeutics that
improve human health. The field has had somemajor suc-
cesses in this area, withmore sure to come. The discovery
that chemical inhibition of PARP-1 results in accumu-
lation of DNA double-strand breaks in BRCA1 and
BRCA2 mutant cancer cells and induces cell death via
synthetic lethality (Bryant et al. 2005; Farmer et al.
2005) led to the approval by theU.S. FDA in 2014 of Astra-
Zeneca’s Lynparza (Olaparib) for the treatment of women
with advanced ovarian cancer associatedwithBRCA1 and
BRCA2 mutations. This has been followed by the devel-

opment and approval of more PARP inhibitor drugs for a
broader array of conditions. In her review, Slade (2020)
discusses the mechanisms of action and therapeutic po-
tential of inhibitors of PARPs and poly(ADP-ribose) glyco-
hydrolase [PARG, an enzyme that cleaves chains of poly
(ADP-ribose)] in cancer treatment.

Collectively, these reviews highlight some of the major
recent advances in the fieldmade over the past 5–10 years.
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