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Abstract: Poly(ADP-ribosyl)ation (PARylation) is a widespread and highly conserved post-translational modification 
catalysed by a large family of enzymes called poly(ADP-ribose) polymerases (PARPs). PARylation plays an essential 
role in various cardinal processes of cellular physiology and recent approvals and breakthrough therapy designa-
tions for PARP inhibitors in cancer therapy have sparked great interest in pharmacological targeting of PARP pro-
teins. Although, many PARP inhibitors have been developed, existing compounds display promiscuous inhibition 
across the PARP superfamily which could lead to unwanted off-target effects. Thus the prospect of isoform-selective 
inhibition is being increasingly explored and research is now focusing on understanding specific roles of PARP fam-
ily members. PARP-2, alongside PARP-1 and PARP-3 are the only known DNA damage-dependent PARPs and play 
critical roles in the DNA damage response, DNA metabolism and chromatin architecture. However, growing evidence 
shows that PARP-2 plays specific and diverse regulatory roles in cellular physiology, ranging from genomic stability 
and epigenetics to proliferative signalling and inflammation. The emerging network of PARP-2 target proteins has 
uncovered wide-ranging functions of the molecule in many cellular processes commonly dysregulated in carcino-
genesis. Here, we review novel PARP-2-specific functions in the hallmarks of cancer and consider the implications 
for the development of isoform-selective inhibitors in chemotherapy. By considering the roles of PARP-2 through 
the lens of tumorigenesis, we propose PARP-2-selective inhibition as a potentially multipronged attack on cancer 
physiology.
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Introduction

Poly(ADP-ribose) polymerase-2 (PARP-2) belo- 
ngs to a family of seventeen ADP-ribosyltrans- 
ferases, termed poly(ADP-ribose) polymerases 
(PARPs) [1]. While some PARPs are enzymati-
cally inactive (PARP-9 and PARP-13) or catalyse 
only mono(ADP-ribosyl)ation of targets, PARP-2 
alongside PARP-1, PARP-5A and PARP-5B are 
the only known PARPs which possess poly(ADP-
ribosyl)ation activity (PARylation) [1]. PARylation 
involves the homopolymerisation of the ADP-
ribose unit of β-NAD+ on specific target amino 
acids and the resulting poly(ADP-ribose) (PAR) 
polymers vary in size and branching, conferring 
diverse functional and structural effects on tar-
get proteins [1-3]. The modification itself is 
short-lived as the PAR polymer is rapidly 
degraded by poly(ADP-ribose) glycohydrolase 
(PARG) [4] and poly(ADP-ribose) hydrolase 3 

(ARH3) [5]. PARP-2, together with PARP-1 and 
PARP-3 are activated by DNA strand breaks and 
are the only known DNA damage-dependent 
PARPs [6-8]. They target a plethora of proteins, 
largely involved in the DNA damage response, 
DNA metabolism and chromatin architecture 
but are also capable of automodification [1] 
(Figure 1). Recently, advances in proteomic 
screens have allowed identification of PARyl- 
ation targets of PARP-1, PARP-2 and PARP-3, 
revealing new and specific functions of these 
modifications in cellular processes [20-22] 
including cell fate, genomic integrity, replication 
and metabolism [17, 23-26] and thus PARP inhi-
bition may offer wide-ranging therapeutic utility 
(Figure 1).

PARP-1 and PARP-2 activity are intricately inter-
woven and double knockout Parp-1-/-Parp-2-/- 
mice exhibit early embryonic lethality [27]. 
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Although at present, PARP inhibitors display 
promiscuous inhibition among the PARP super-
family [28, 29], it is becoming increasingly clear 
that PARP-2 regulates an overlapping but dis-
tinct target set to that of PARP-1 [20-22, 30]. 
New PARP-2 specific roles are being uncovered 
in diverse functions ranging from DNA repair 
[17] to telomeric integrity [15] and PARP-2, 
through physical interaction with or PARylation 
of partner proteins, impinges on various cellu-
lar processes dysregulated in tumorigenesis 
(Figure 1). Here, we review emerging roles of 
PARP-2 in many of the hallmarks of cancer and 
how this may impact the design and therapeu-
tic potential of PARP-2-selective inhibitors in 
cancer treatment.

Parp-2 gene and protein organization

The Parp-2 gene, mapping to position 14q11.2 
and 14C1 [6, 31] in the human and murine 
genome respectively, consists of a sequence of 
around 13 kb comprising 16 exons and 15 
introns (Figure 2A). Eleven transcripts, gener-
ated by alternative splicing, have been 
described (www.ensembl.org), of which some 
encode PARP-2 protein isoforms (Figure 2B). 
However, the biological significance of these 
protein variants is largely unknown. The 62 kDa 
PARP-2 protein is composed of a modular struc-
ture, conserved across the DNA damage-depe- 
ndent PARPs, comprising an N-terminal region 
(NTR), a central WGR (Trp-Gly-Arg) domain and 

Figure 1. Poly(ADP-ribose) polymerase-2 (PARP-2) executes its biological functions via physical interaction with or 
PARylation of target proteins. PARP-2 is rapidly recruited to sites of DNA breakage leading to its enzymatic activa-
tion (left panel). Activated PARP-2, as well as other bona fide PARPs, hydrolyse NAD+ to nicotinamide (Nam) and 
one proton (H+), in doing so transferring an ADP-ribose moiety onto specific residues of protein substrates. The 
subsequent homopolymerisation of ADP-ribose molecules forms variable, long and branched chains of ADP-ribose 
polymer (PAR). Acceptor proteins subject to PARP-2-dependent PARylation are implicated in a wide range of biologi-
cal processes, including genome maintenance, transcription, cell cycle regulation, cell death, cell signalling, and 
metabolism. The reverse reaction involves the rapid degradation of the PAR polymer by poly(ADP-ribose) glycohy-
drolase (PARG) and poly(ADP-ribose) hydrolase-3 (ARH3) which hydrolyse poly(ADP-ribose) into ADP-ribose units. 
Biochemical approaches and proteomics show that PARP-2 also physically associates with various protein partners 
(right panel) involved in different biological processes [9-19].
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a C-terminal catalytic (CAT) domain composed 
of a helical subdomain (HD) and the ADP-
ribosyltransferase (ART) subdomain, which 
allow coupling of catalysis to DNA break detec-
tion [32] (Figure 2C). The PARP-2 NTR is native-
ly unstructured [32] and bears homology with 
the SAP domain of other nuclear proteins 
involved in DNA repair and chromosomal struc-
ture such as Ku70 and APE-1 [7, 32]. Residues 
1-65 contain a highly basic DNA-binding domain 
(DBD) with lysine or arginine residues constitut-
ing 27% of its sequence [6], a bipartite nuclear 
localisation signal (NLS) and a nucleolar locali-
sation signal (NoLS) [3, 19]. In contrast, the 
PARP-1 DBD contains three zinc finger DNA-
binding motifs and a BRCA C-terminus (BRCT) 
domain [33]. These architectural differences 
between the PARP-1 and the PARP-2 DBDs 
translate into disparate DNA structure recogni-
tion. Although PARP-1 and PARP-2 exhibit simi-
lar binding affinity for nicked DNA, PARP-1, 
unlike PARP-2, also binds strongly to double-
strand breaks (DSBs) and to a lesser extent, 
undamaged DNA, revealing greater specificity 
of PARP-2 for single-strand break (SSB) recog-
nition [34]. Post-translational modifications on 
the NLS by the nuclear histone acetyltransfer-
ases P/CAF and GCN5L acetylating K36 and 
K37 serve to decrease DNA binding and enzy-
matic activity in vitro by an unknown mecha-
nism [35]. Recent mutational analysis has 
shown that the PARP-2 NTR is, unexpectedly, 
not required for DNA-binding but is critical for 
PARP-2 activation on SSBs. Indeed, the WGR 
and CAT domain display cooperative binding to 
DNA damage substrates [32]. Interdomain con-
tacts between the WGR and CAT domains 
appear to be particularly important for this 
interaction, with mutational disruption thereof 
reducing DNA-binding activity and abrogating 
PARP-2 DNA-dependent allosteric activation 
[32]. Furthermore, while the NTR confers nucle-
ar and nucleolar localisation, it is not neces-
sary for recruitment of PARP-2 to sites of DNA 

damage, a function mediated instead by a com-
bination of the WGR and CAT domains [32].

The PARP-2 WGR domain is homologous in 
structure to that of PARP-1 but mediates 
homodimerisation, DNA damage-dependent 
autoPARylation and protein-protein interac-
tions-functions attributed to the BRCT motif-
bearing domain D of PARP-1 [17]. The WGR 
domain of PARP-2 is interposed between a cas-
pase-3 cleavage site 58-DNRD-61, and a cas-
pase-8 cleavage site 183-LQMD-186 just proximal 
to the border with the C-terminal catalytic 
domain. The effect of caspase-8 cleavage is to 
inactivate PARP-2 but both PARP-1 and PARP-2 
are also cleaved by caspase-3, which may 
enhance DNA damage and allow for swift chro-
matin degradation in apoptosis by inhibition of 
PARylation [36]. Moreover, apoptosis is ATP-
dependent [37] and PARP inactivation prevents 
ATP depletion from NAD+ salvage reactions, 
thus also ensuring the seamless execution of 
cell suicide [36].

The C-terminal catalytic domain of PARP-2 
bears 69% homology with PARP-1 [38] and 
operates by a similar mechanism of PARylation. 
Some structural differences, which may be of 
importance to the design of isoform-selective 
inhibitors, are evident from structural compari-
sons of the catalytic domains of human PARP-1 
and PARP-2 in complex with the PARP-1/2 
inhibitor BMN 673 [39]. Crystallographic analy-
sis of these PARP-inhibitor complexes reveal 
similar modes of binding of BMN 673 to the 
PARP-1 and PARP-2 nicotinamide-binding pock-
et, mediated by a conserved network of hydro-
gen bonding and π-stacking forces [39]. In con-
trast, residues at the periphery of the NAD+ 
recognition site exhibit least conservation be- 
tween the catalytic domains. Unique interac-
tions between the PARP active site N-terminal 
helical bundle and D-loop with the di-branched 
scaffold of the inhibitor suggest new targets for 
the design of PARP-2-selective inhibitors [39].

Figure 2. Gene and protein organization of PARP-2. (A) Schematic representation of the genomic DNA organization 
of the human PARP-2 gene showing exons numbered 1-16 (B) Schematic representation of the transcript variants 
of PARP-2 (www.ensembl.org). (C) Schematic representation of the domain structure of the human PARP-2 protein. 
NTR, N-terminal region; WGR, Trp-Gly-Arg domain; HD, helical domain; ART, ADP-ribosyltransferase domain; NoLS, 
Nucleolar localization signal; NLS, Nuclear localization signal. (D) Graph showing the frequency of PARP-2 muta-
tions in different cancers (www.intogen.org). PAMs, Protein affecting mutations; STAD, stomach adenocarcinoma; 
SCLC, small cell lung carcinoma; ESCA, esophageal carcinoma; CM, cutaneous melanoma; LUSC, lung squamous 
cell carcinoma; HC, hepatocarcinoma; BLCA, bladder carcinoma; AML, acute myeloid leukemia; LUAD, lung adeno-
carcinoma; OV, serous ovarian adenocarcinoma. (E) Distribution of mutations along the PARP-2 protein identified in 
different types of tumour (www.intogen.org).
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New evidence is emerging revealing PARP-2 
polymorphisms and mutations (www.intogen.
org) associated with different cancers (Figure 
2D and 2E), suggesting a role of PARP-2 in 
tumorigenesis (Table 1).

PARP-2 and the hallmarks of cancer

Carcinogenesis is a multistage process which 
involves the stepwise accumulation of various 
mutations, some of which confer tumour cells a 
survival advantage. Many of the resulting phe-
notypes acquired are shared between different 
tumours and are considered ‘hallmarks of can-
cer’ (Figure 3) [47]. Among these hallmarks are 
genomic instability, sustained growth signal-
ling, dysregulated cellular metabolism, angio-
genesis, inflammation, tumour invasion and 
immune evasion [47]. As we continue to uncov-
er specific biological functions of PARP-2, it is 
becoming increasingly clear that PARP-2 is vari-
ously involved in many of these hallmarks of 
cancer (Figure 3), thus raising the possibility of 
targeting specific PARP-isoforms in cancer 
therapy.

Role of PARP-2 in maintaining genomic stabil-
ity

The genome is vulnerable to a multitude of 
genotoxic insults, both exogenous (ionising 
radiation, mutagenic chemicals) and endoge-
nous (reactive oxygen species, recombination 
intermediates, replicative errors). Thus, mecha-
nisms exist in cells, globally termed the DNA 
damage response (DDR), to detect damage, 
signal its presence to effectors and repair the 
lesion, coordinated with apoptotic or cell cycle 
arrest responses. Defects in these processes 
result in genomic instability, which is a major 
factor in tumorigenesis [48]. High-fidelity repli-

cation, intact DNA repair pathways, accurate 
chromosome segregation in cell division and 
proper coupling of these processes to cell cycle 
progression are the major factors driving 
genome surveillance and maintenance [48]. 
Genome instability is thus found to arise from 
various factors including replication stress, 
aberrant DNA repair, disruption of chromatin 
architecture, chromosome segregation defects, 
cell cycle dysregulation and telomere dysfunc-
tion [49]. New data are increasingly revealing 
specific functions of PARP-2 in these biological 
processes, information critical to the rational 
development and use of PARP-2-specific inhi- 
bitors.

The first indication of PARP-2 involvement in 
genomic stability came from the observation 
that Parp-2-/- mice are highly sensitive to ionis-
ing radiation (IR) and alkylating agents, alth- 
ough to a different extent to PARP-1 deficiency, 
with PARP-2 but not PARP-1 deficiency also pro-
ducing hyperradiosensitivity to low-dose IR (<2 
Gy) [50]. Parp-2-/- murine bone marrow cells 
irradiated with 2 Gy IR exhibit increase chromo-
some breakage, particularly in centromeres 
and treatment with the alkylating agent, N- 
methyl-N-nitrosourea (MNU), results in incre- 
ased sister chromatid exchange events [27]. 
While PARP-2 deficiency is not alone tumorigen-
ic, if combined with loss of p53 (Table 2), the 
rate of spontaneous tumour formation is accel-
erated [51] and this coupled with the aforemen-
tioned sensitivities to genotoxicity and known 
DNA-damage induced DNA-binding of PARP-2 
[6], point towards a role of the molecule in the 
DDR. Mouse models deficient in both PARP-2 
and other DDR proteins (Table 2) are increas-
ingly revealing specific functional interactions 
of PARP-2, information both critical to under-
standing its role in the maintenance of genomic 

Table 1. PARP-2 polymorphisms in human cancer
Reference 
cluster ID (rs#)

Chr Pos* Nucleotide 
change

Conse-
quence

Amino acid 
change

Cancer association Ref.

rs200603922 14:20811843 c.43A>G Missense R15G Prostate†   [40]

rs3093926 14:20354893 c.848G>A Missense R283Q Prostate
Ovarian (BRCA2 mutation carriers)

[41]
[42]

rs878157 14:20356854 c.1329+165C>T Intron variant - Breast [43]
rs1713413 14:19891955 c.601-129C>G Intron variant - Bladder [44]

rs3093938 14:20356935 c.1330-116A>G Intron variant - Colorectal adenoma [45]

rs878156 14:20356700 c.1329+11T>C Intron variant - Breast‡ [46]
*Chromosome position. †Partial segregation with prostate cancer in 5 individuals lacking mutations in BRCA1/2. ‡Carriers of rs878156 with 
breast cancer exhibit differential prognosis dependent on type of chemotherapy with improved survival with anthracycline-based chemotherapy.
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stability and the development and use of PARP-
2-specific inhibitors.

Role of PARP-2 in replication stress

DNA replication must be tightly regulated to 
prevent genomic instability and therefore carci-
nogenesis [53]. Indeed, impaired replication 
fork progression and increased replication-
dependent DNA damage have been observed 
in early stages of tumour development [54, 55]. 
Furthermore, oncogene activation has been 
found to induce replication stress by various 
mechanisms [53]. Perturbations in replication 
can give rise to mutagenesis, genomic rear-
rangements and chromosome segregation 
defects [53]. Thus, a variety of checkpoints and 
DDR pathways act to detect and respond to 
replicative abnormalities [53, 56]. Replication 
stress is prevalent among cancers and it has 
been proposed as an additional hallmark of 
carcinogenesis, driving genomic instability and 
evasion of apoptosis [57].

While PARP-1 is known to protect stalled repli-
cation forks against degradation and acts to 

recruit the DNA repair machinery required for 
fork restart [58-61], there is growing evidence 
for a role of PARP-2 therein. PARP1-/- and/or 
PARP-2-/- in SW480SN.3 human cells, abolish-
es homologous recombination (HR)-mediated 
restart of hydroxyurea-stalled replication forks 
[58]. Combined with a role of PARP-1 in Mre11 
recruitment to stalled forks, it has been pro-
posed that PARP-1 and PARP-2 cooperate in 
stalled fork detection and restart via Mre11-
dependent initiation of HR [58].

Recent work in mouse erythroblasts reveals a 
specific role of PARP-2 in the replication stress 
response in erythropoiesis. Parp-2-/-, but not 
Parp-1-/-, mice display chronic anaemia in ste- 
ady-state conditions and Parp-2-/- erythroblasts 
exhibit various biomarkers of replication stress, 
including micronuclei formation, elevated γH- 
2AX formation in S-phase, increased CHK1 
phosphorylation and RPA phosphorylation and 
newborn lethality with Parp-2/p21 double-
knockout (Table 2) [25]. PARP-2 appears to play 
tissue-specific roles in processes character-
ised by high proliferation rates, similar to pat-
terns observed in other mouse models defec-

Figure 3. PARP-2 in the hallmarks of cancer. Schematic representation of the involvment of PARP-2 in biological 
processes commonly dysregulated in tumorigenesis.
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Table 2. PARP-2-deficient mouse models
Genotype Developmental defects Fertility defects Spontaneous tumorigenesis Ref.
Parp-2-/- Impaired thymopoiesis, adipogenesis, spermatogenesis, fetal liver erythropoiesis Hypofertility, testicular hypopla-

sia, oligospermia
None [13, 23-25, 51]

Parp-2-/-Parp-1-/- Early embryonic lethality NA NA [27]

Parp-2-/-Atm-/- Early embryonic lethality NA NA [7]

Parp-2-/-p53-/- Partial embryonic lethality None Early onset of T cell lymphoma [51]

Parp-2-/-p21-/- Newborn lethality due to impaired fetal liver erythropoiesis NA NA [25]

Parp-2-/-Xrcc5-/- Partial newborn lethality and growth retardation NA NA [52]

Parp-2-/-Prkdc-/- Shortened lifespan and accumulation of telomere fusions similar to Parp-2+/-Prkdc-/- Unknown 50% thymic lymphoma similar to Parp-2+/-Prkdc-/- [52]

Parp-2-/-H2afx-/- Early embryonic lethality NA NA [52]
NA, not applicable.
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tive in the replication stress response, such as 
ATR hypomorphism [62]. Indeed, PARP-2-
specific roles have been uncovered in sper-
matogenesis [23], thymopoiesis [24, 51] and 
haematopoietic stress responses [50] and 
PARP-2 was recently identified in a genome-wi- 
de RNAi screen for replication stress response 
genes [63]. Interestingly, PARP-2 plays an 
important role in hydroxyurea-induced replica-
tion stress in plants [64]. Together these recent 
findings point towards specific functions of 
PARP-2 in the replication stress response.

Role of PARP-2 in DNA repair

With the panoply of intrinsic and extrinsic 
sources of genotoxicity faced by cells everyday 
comes a similarly diverse gamut of lesions, 
ranging from base modifications and conver-
sion to single- and double-strand breakage. In 
turn, cells have evolved a large range of DNA 
repair mechanisms, broadly classed as single-
stranded DNA repair or double-stranded break 
repair [65]. Mutagenesis is critical for carcino-
genesis and dysfunction of DNA repair mecha-
nisms is an important source of genomic insta-
bility in cancer [66]. Conversely, these path-
ways also act to repair damage from chemo- 
and radiotherapy and thus cancer therapies 
have been developed to target cancer DNA 
repair defects, halt proliferation and induce 
apoptosis via DDR activation or potentiate 
existing treatments [67].

Single-stranded DNA repair is largely mediated 
by three major pathways: base excision repair 
(BER)/single-strand break repair (SSBR), nucle-
otide excision repair (NER) and mismatch repair 
(MMR). BER involves the recognition and exci-
sion of a damaged base by a DNA glycosylase 
to produce an apurinic/apymidinic (AP) site, fol-
lowed by AP endonuclease 1 (APE1) mediated 
strand incision to produce a single-strand 
break (SSB). Pol β then catalyses gap filling and 
the nick is sealed by a ligase, either ligase I or 
the DNA ligase III/XRCC1 complex [68]. 
Although both PARP-1 and PARP-2 are consid-
ered to contribute in SSBR/BER, they exhibit 
specific interactions with the BER pathway and 
their roles appear to be spatiotemporally dis-
tinct. While both PARPs can bind to AP sites, 
DNA binding of PARP-2 is not regulated by 
autoPARylation [69]. Parp-2-/- MEFs exhibit sig-
nificantly slower repair of MNU-induced DNA 
strand breaks, similar to PARP-1-deficient cells 

suggesting a non-redundant overlapping func-
tion of PARP-2 in BER [17]. In contrast, human 
A549 cells deficient in PARP-2 displayed only a 
slight reduction in initial SSBR rate upon hydro-
gen peroxide exposure, compared to a signifi-
cant delay observed with PARP-1 deficiency, 
calling into question the role of PARP-2 in 
SSBR/BER [70]. While PARP-1 is recruited early 
and transiently to laser-microirradiated DNA, 
PARP-2 exhibits delayed persistent recruitment 
in a PARP-1 and PARylation-dependent manner 
[71]. Recent single-molecule AFM imaging stud-
ies of PARP-2 DNA binding have confirmed pref-
erential recruitment to SSBs over DSBs and 
undamaged DNA [34] and Kd values measured 
for a range of DNA structures have shown that 
PARP-2 has highest affinity for flap-containing 
DNA [72]. In addition PARP-2, like PARP-3, is 
preferentially activated by 5’ phosphorylated 
DNA breaks [73, 74]. Together, these findings 
argue for a role of PARP-2 in the recognition of 
later repair intermediates in SSBR.

PARP-1 and -2 have been found to differentially 
interact with multiple SSBR/BER factors (Figure 
1) including the non-enzymatic scaffold protein 
XRCC1 [75]. XRCC1 is recruited to microirradi-
ated DNA in a PARP-1, but not PARP-2 depen-
dent manner [71, 76], acting to inhibit the dis-
sociative automodification activities of both 
molecules and being PARylated itself on its 
BRCT1/2 domains by PARP-2 [17]. PARP-1 and 
2 also interact with Pol β, FEN1 and DNA Ligase 
III (Figure 1) [17, 72], inhibiting the DNA synthet-
ic and endonuclease activities of the former 
two proteins respectively. This inhibition can be 
relieved by PARP-1 but not PARP-2 PARylation 
but PARP-2 acts to abrogate the restorative 
polymerisation of PARP-1 [72]. Together these 
results suggest spatiotemporal segregation but 
mutually modifiable functions of PARP-1 and 
PARP-2 in SSBR/BER.

While recent data are uncovering a role of 
PARP-1 in NER and MMR [77-79], the role of 
PARP-2 therein remains unknown.

Double-strand break repair (DSBR) proceeds 
via two main pathways, non-homologous end-
joining (NHEJ) and homologous recombination 
(HR). The presence of DSBs is signalled by the 
protein Ataxia telangiectasia mutated (ATM), a 
serine/threonine kinase, phosphorylating tar-
gets such as p53, CHK2, NBS1 and BRCA1 to 
initiate repair and cell cycle responses [80]. 
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Double knockout mouse models of PARP-1 or 
PARP-2 with ATM (Parp-1-/-Atm-/- and Parp-2-/-

Atm-/-) both result in early embryonic lethality 
(Table 2) [7, 81]. This may be due to the conver-
sion of unrepaired spontaneous SSBs in hyper-
proliferative embryonic cells, into DSBs during 
replication and again going unrepaired due to 
ATM deficiency. GST-pulldowns of GST-ATM 
fusions have, however, revealed a physical 
interaction with PAR molecules and PARylated 
PARP-1 via putative PAR-binding domains on 
the ATM N-terminus (amino acid residues 
99-120) and overlapping with the C-terminal 
PI3K domain [82]. The N-terminal PAR-binding 
domain contains a protein interaction domain 
critical for interaction with and phosphorylation 
of p53 [83] which suggests coupled functions 
of PARP-1 and downstream effectors of DSBR. 
Within the HR pathway, PARP-1 has been shown 
to interact with MRN complex components 
Mre11 and NBS1 [84] and combined with the 
aforementioned interactions of PARP-1, PARP-2 
and Mre11 in replication stress, this could 
implicate PARP-2 in a new role in HR [58].

PARP-1 is known to act in conjunction with the 
ligation activity of the DNA ligase III/XRCC4 
complex [85], in an alternative Ku-independent 
end-joining pathway, complementary to classi-
cal NHEJ, with competition between Ku and 
PARP-1 for DNA binding thought to mediate the 
switch between pathways [86]. Furthermore, 
class-switching recombination (CSR) of immu-
noglobulin genes has been demonstrated to 
involve activation-induced cytidine deaminase 
(AID)-induced PARP-1 activity. Here, PARP-1 is 
thought to promote joining of switch regions in 
a non-classical microhomology-mediated path-
way [87], favoured in the absence of NHEJ pro-
teins e.g. XRCC4 and DNA ligase IV [88]. AID-
induced DSBs are a critical component of CSR, 
without which short-range recombination is 
abnormally frequent and chromosomal translo-
cations with proto-oncogenes such as c-myc 
may arise [89]. Monitoring the frequency of 
IgH/c-myc translocations in Parp-1-/- or Parp-2-

/- murine B-lymphocytes showed suppression 
of translocations by PARP-2 but not PARP-1 
[87]. However, a mechanistic involvement of 
PARP-2 in NHEJ is at present unclear.

The recent development of new double-knock-
out mouse models has allowed the identifica-
tion of interconnections between PARP-1 and 
PARP-2 with the DSBR machinery (Table 2). The 

histone variant H2AX serves an important role 
in DSB detection and signalling and neither 
Parp-1-/-H2AX-/- nor Parp-2-/-H2AX-/- mice are 
viable [52, 90, 91]. In contrast, unlike PARP-1, 
PARP-2 deficiency combined with loss of the 
NHEJ factors Ku80 or DNA-PKcs, does not 
reveal any considerable exacerbation of pheno-
type [52].

PARP-2 in chromatin architecture and epigen-
etic modifications

Chromatin remodelling is actively involved in 
the DDR via modulation of accessibility of dam-
aged sites to signalling and repair machinery. 
This has obvious implications for genome integ-
rity as well as cellular senescence and cancer 
which involve DDR activation and alterations in 
chromatin architecture [92, 93]. Furthermore 
chromatin architectural changes, such as by 
histone modifications, form part of the nominal 
‘epigenetic landscape’, the dysregulation of 
which is a hallmark of cancer [94]. Indeed, epi-
genetic therapy targeting reversible epigenetic 
marks, as opposed to irreversible tumorigenic 
mutations, is increasingly becoming a potential 
therapeutic strategy against cancer [95].

Early experiments found that nucleosomal 
PARylation resulted in chromatin decondensa-
tion, pointing towards a role of PARPs in chro-
matin architecture [96, 97]. PARP-1 and PARP-2 
have both been shown to differentially PARylate 
the nucleosome with PARP-1 preferentially tar-
geting the linker histone H1 while core histones 
H2A/H2B serve as a preferential substrate of 
PARP-2 [35, 98]. PARP-2-dependent PARylation 
also appears to have a role in facultative het-
erochromatin maintenance such as that in mei-
otic sex chromosome inactivation in male germ 
cells. Indeed, Parp-2-/- murine pachytene sper-
matocytes display histone H4 hypoacetylation 
and H3K9 hypomethylation throughout the 
nucleus compared to wild-type cells [23].

PARP-2 has also been shown to be involved in 
heterochromatin reorganisation in endodermal 
differentiation via interactions with non-histone 
proteins heterochromatin protein 1 (HP1) pro-
teins and transcriptional intermediary factor 1β 
(TIF1β) [9]. The HP1 family of proteins is in- 
volved in chromatin packing and heterochro-
matinisation-mediated gene repression [99]. 
TIF1β is a co-repressor for the KRAB-transcri- 
ptional repression domain-containing family of 
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Zn-finger proteins and promotes transcriptional 
silencing involving HP1 binding and histone 
deacetylation [100-103]. PARP-2 has been 
shown to bind directly to HP1α and HP1β and 
with high affinity both directly to TIF1β and indi-
rectly via HP1α. In comparison, PARP-1 demon-
strates only weak binding to TIF1β and HP1β. 
Both PARP-1 and PARP-2 PARylate HP1α but 
shRNA knockdowns demonstrate distinct roles 
in endodermal differentiation [9].

Together, these results point towards specific 
roles of PARP-2 in chromatin structure and 
function and establishment of the histone code 
and subcodes, distinct from PARP-1. Further 
studies are needed to elucidate the precise 
role of PARP-2 in these processes, which will 
allow the evaluation of PARP-2 as a potential 
target of epigenetic therapy for cancer.

PARP-2 in chromosome segregation

Centromeric and kinetochore integrity are cru-
cial to faithful chromosome segregation in 
mitosis [104] and aneuploidy secondary to 
chromosomal instability and segregation 
defects is a common feature of cancers [105]. 
Both PARP-1 and PARP-2 exhibit cell cycle-
dependent association with mammalian cen-
tromeres, albeit with different localisation. 
While PARP-1 occupies a diffuse centromeric 
distribution extending to the surrounding peri-
centric region, PARP-2 demonstrates sequence-
independent accumulation at the centromere 
periphery, which increases with microtubule 
inhibitor treatment [14, 106]. Both PARP-1 and 
PARP-2 co-immunoprecipitate with the consti-
tutive centromere proteins Cenpa and Cenpb 
and the spindle assembly checkpoint protein 
Bub3 (Figure 1), which are PARylated with DNA 
damage [14, 107]. Furthermore, Parp-2-/- MEFs 
treated with the alkylating agent MNU exhibit 
G2/M arrest marked by polyploidy and chromo-
some mis-segregation, indicative of centromer-
ic and kinetochore dysfuntion [23, 27]. These 
findings argue for a role of PARP-2 distinct from 
but overlapping with that of PARP-1 in centro-
meric structure and function as well as check-
point activation.

In addition to the aforementioned effects on 
mitotic cells, PARP-2-deficiency in mice also 
produces chromosome segregation defects at 
meiotic metaphase I in male gametogenesis 
[23]. The fidelity of meiotic chromosome segre-

gation is dependent on the integrity of chiasma 
formation between homologous chromosomes 
[108]. Concurrently, the accumulation of univa-
lents in Parp-2-/- metaphase I spermatocytes 
and in turn, aneuploid metaphase II cells was 
found against a backdrop of a 59% reduction in 
Mlh1 foci formation, a marker of chiasmata 
sites, compared to wild-type controls. While 
mechanistically unclear, this segregation fail-
ure could be ascribed to PARP-2 deficiency 
marring centromeric heterochromatin integrity 
[27], as in somatic cells, or to putative roles of 
PARP-2 in resolution of recombination interme-
diates or meiotic spindle assembly [23].

PARP-2 in cell cycle regulation

The coupling of the aforementioned processes 
involved in the maintenance of genomic integ-
rity with cell cycle progression and checkpoint 
controls, ensures the timely execution of events 
in cellular proliferation. Cell cycle dysregulation 
gives rise to the uncontrolled proliferation 
observed in cancers and checkpoint dysfunc-
tion can lead to inheritance of damaged DNA 
and chromosome segregation defects, thus 
producing genomic instability [109].

New data are beginning to shed light on poten-
tial roles of PARP-2 in the eukaryotic cell cycle. 
Loss of PARP-2 in mouse erythroid progenitors 
results in cell cycle arrest at the G2/M transi-
tion [25] and PARP-2 overexpression in human 
HEK293 cells delays G1 exit [10]. PARP-2 is 
found to cause PARylation-independent tran-
scriptional repression of the promoters of vari-
ous cell cycle-related genes including p21, RB, 
E2F1 and c-MYC and this co-repressor activity 
involves recruitment of the histone deacety-
lases HDAC5 and HDAC7 and the H3K9 tri-
methyltransferase G9a [10]. p21, a cyclin-
dependent kinase inhibitor, is an important cell 
cycle regulator, acting at both G1/S and G2/M 
transitions [110] and double knockout of PARP-
2 and p21 causes newborn lethality in mice 
suggesting a functional interaction between 
the two molecules [25]. Together with the inter-
action of PARP-2 with the spindle assembly 
checkpoint protein Bub3 [14], these findings 
point towards a role of PARP-2 in the coordina-
tion of cell cycle progression and checkpoint 
regulation. Further studies are necessary to 
elucidate the precise action of PARP-2 in these 
processes.
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PARP-2 in telomere maintenance

Telomeres are double-stranded DNA tracts of 
short tandem repeats at chromosome termini 
and are maintained by telomerase [111]. In 
mammals, the repeat sequence is TTAGGG 
[112] and forms a length of around 10-15 kb at 
birth with a single-stranded 3’ overhang of 
50-150 nucleotides which may invade the telo-
meric duplex to form a lariat structure called 
the T-loop as well as a locally displaced single-
stranded DNA tract called the D-loop [113]. The 
TTAGGG repeats associate with the multisub-
unit shelterin complex which protects the telo-
mere from recognition as a DNA strand break 
and is also involved in maintaining the integrity 
thereof [114]. TRF2 is a core component of the 
shelterin complex and is involved in T-loop for-
mation [115] as well as recruitment of proteins 
involved in telomeric protection and mainte-
nance [111]. PARP-2 has been shown to physi-
cally interact with TRF2 (Figure 1) and inhibits 
TRF2 DNA-binding by both PARylation of its 
dimerisation domain and non-covalent compet-
itive binding of PAR polymers to the TRF2 DBD 
[15]. Such regulation may serve to open the 
T-loop lariat to ease access of DNA repair 
machinery and/or modulate TRF2 binding part-
ner interactions, pointing to a role of PARP-2 in 
telomeric integrity [15]. Indeed, PARP-2-defici- 
ent MEFs display hallmarks of telomeric dys-
function including increased frequency of me- 
taphase chromosomal and chromatid breaks 
and TTAGGG-free ends despite normal telo-
mere length [15].

Lagging strand replication occurs by a series of 
short DNA Okazaki fragments downstream of 
RNA primers, the most terminal of which is not 
replicated - the nominal ‘end-replication prob-
lem’ and thus with repeated rounds of replica-
tion, a cell’s telomeres will gradually shorten 
[116] until a certain critical threshold is reached 
and a potent DDR is induced by the uncapped 
chromosomes which results in cellular senes-
cence, thus setting a cap on the replicative 
potential of a cell [93, 117, 118]. However, 
some cells with dysfunctional checkpoints, 
such as inactivated Rb or p53 pathways in can-
cer cells, may continue to divide with marked 
genomic instability and accumulation of rear-
ranged DNA, largely resulting in cell death in a 
period termed ‘cellular crisis’ [119]. A subset of 
these cells may reactivate telomere mainte-
nance mechanisms via telomerase expression 

[120] or ALT pathway activation [121], effec-
tively immortalising the cell, an important hall-
mark of cancer [47]. Through its role in telo-
mere integrity, PARP-2 may be an important 
therapeutic target in cancer.

Role of PARP-2 in proliferative signalling

The TGFβ signalling pathway is an important 
‘tumour suppressor’ pathway with roles in 
embryonic development and differentiation, 
morphogenesis and tissue homeostasis [122]. 
Regulation of downstream Smad signal trans-
ducers is an important point of control in the 
pathway. Proximity ligation assays and im- 
munoprecipitation experiments revealed the 
induction of PARP-1/Smad3 and PARP-2/
Smad2/3 complexes upon TGFβ signalling [11]. 
Activation of the TGFβ pathway was found to 
promote Smad3 PARylation and PARylated 
Smad3 and Smad4 co-precipitate with both 
PARP-1 and PARP-2 (Figure 1) [11]. PARP-2 
overexpression has been found to repress the 
Smad3/4 promoter and PARP-2 siRNA knock-
down results in increased expression of TGFβ 
gene targets fibronectin and Smad7, concur-
rent with an inhibitory role of PARP-2 in the 
pathway [11]. Through regulation of TGFβ sig-
nalling, these results point towards a role of 
PARP-2 in the control of proliferation and cell 
fate, but further studies are required to eluci-
date the functional role of PARP-2 in TGFβ-
dependent cell behaviour and tumorigenesis.

Role of PARP-2 in metabolism

The role of PARP-2, as of PARP-1, in metabolic 
regulation is becoming increasingly apparent. 
Both PARPs mediate diverse regulation of oxi-
dative metabolism and mitochondrial biogene-
sis via the NAD+-dependent deacetylase SIRT1 
of the Sirtuin family of proteins. SIRT1 regulates 
a range of transcription factors and cofactors 
including PPARγ, p53, PGC-1α and the FOXO 
family of transcription factors to regulate meta-
bolic homeostasis in response to changing 
NAD+ levels in states of energetic stress such 
as fasting and exercise [123]. While loss of 
either PARP produces increased SIRT1 activity, 
PARP-1 and PARP-2 regulate SIRT1 via different 
mechanisms. PARP-1 deletion acts to relieve 
competition for intracellular NAD+, while shR-
NA-mediated depletion of PARP-2 produces lit-
tle effect on NAD+ balance [124]. Instead, 
PARP-2 is found to bind directly to the SIRT1 
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proximal promoter where it acts to negatively 
regulate SIRT1 expression [26]. Due to SIRT1 
derepression, Parp-2-/- mice exhibit elevated 
SIRT1 expression with decreased acetylation of 
SIRT1 targets FOXO1 and PGC-1α which are 
transcriptional regulators of mitochondrial bio-
energetics and biogenesis [26]. Indeed Parp-2 
deletion in mice produces increased mitochon-
drial biogenesis with a shift towards oxidative 
metabolism and upregulation of genes involved 
in mitochondrial function and lipid oxidation 
such as tpn1, SDH, UCP2, MCAD and PGC-1α 
[26]. Concurrently, PARP-2 knockout mice dis-
play a leaner phenotype marked by a predomi-
nance of lipid catabolism as an energy source 
and interestingly, are more protected against 
diet-induced obesity and insulin resistance 
with a high-fat diet [26]. This protection is at 
least in part due to increased energy expendi-
ture but may also be due to a direct effect of 
PARP-2 on white adipose tissue (WAT). Like 
PARP-1, PARP-2 acts to positively regulate 
PPARγ-dependent promoters to promote ad- 
ipogenesis [13, 125]. Parp-2-/- mice exhibit 
impaired adipocyte differentiation with reduced 
adipocyte size and decreased WAT deposition 
concomitant with downregulation of PPARγ tar-
get genes [13]. PARP-2 mRNA is additionally 
regulated by the miR-149, producing upregula-
tion of SIRT1 activity to promote mitochondrial 
function and biogenesis via PGC-1α activation 
[126]. Related to the role of PARP-2 in mito-
chondrial bioenergetics, cellular redox balance 
also appears to be regulated by PARP-2. 
Syngeneic lung adenocarcinomas from Parp-1-

/- or Parp2-/- mice are smaller and exhibit 
reduced proliferation rates imputed to an 
observed increase in autophagy and apoptosis 
secondary to increased oxidative stress. Indeed 
loss of either PARP produces downregulation of 
key antioxidant enzymes such as catalase 
[127].

PARP-2 has been to found to regulate both 
hepatic and systemic lipid homeostasis and 
negatively regulates the promoter of SREBP1, 
an important transcriptional regulator of sterol 
biosynthesis [128]. Parp-2-/- mice exhibit in- 
creased hepatic cholesterol levels and Parp-2 
shRNA knockdown in HepG2 cells shows upreg-
ulation of SREBP1-dependent genes [128]. 
Parp-2 deletion also produces reduced serum 
HDL (high-density lipoprotein) levels, a known 
risk factor for cardiovascular disease [128, 

129]. This may be ascribed to an observed 
decrease in expression of the ATP-binding cas-
sette transporter ABCA1, which is involved in 
reverse cholesterol transport from peripheral 
cells to the liver [128, 130].

Cancers are marked by a characteristic meta-
bolic reprogramming producing a switch from 
oxidative bioenergetics to a regime of aerobic 
glycolysis (Warburg effect) which balances 
energy requirements with biogenesis [131]. 
Tumour metabolism is also marked by exten-
sive lipid anabolism and redox balance chang-
es to regulate the generation of tumorigenic 
reactive oxygen species (ROS) [131]. From the 
above it is clear that PARP-2 has a net antago-
nistic action on mitochondrial function and 
thus pharmacological PARP-2 inhibition may 
produce a shift away from glycolytic tumour 
metabolism towards an oxidative programme. 
Furthermore, increased lipid catabolism and 
oxidative stress-induced apoptosis and autoph-
agy may intensify the putative antitumorigenic 
effect of PARP-2 loss.

While Parp-1-/- and Parp-2-/- mice display similar 
metabolic changes, unlike Parp-1 deletion, 
Parp-2 knockout mice exhibit increased glu-
cose intolerance due to pancreatic dysfunction 
marked by reduced islet size and fasting blood 
insulin [26]. Parp-2-/- mice have a substantial 
loss of expression of the pancreatic transcrip-
tion factor pdx1, imputed to upregulated pan-
creatic SIRT1 expression and consequent 
FOXO1 activation [26]. Thus, any consideration 
of selective PARP-2 inhibition will require better 
understanding of the exact mechanisms of 
PARP2-dependent metabolic regulation.

Role of PARP-2 in angiogenesis

Neovascularisation of tissues is a physiological 
response to tissue damage but is also an 
important process in tumour expansion, serv-
ing to adequately oxygenate and nourish the 
tumour, remove waste and to function as a 
route for metastasis [132]. The angiogenic 
effect of PARP-1 is well established [133-135]. 
Moreover, PARP inhibition using the PARP-1/
PARP-2 inhibitor GPI 15427 [133] results in 
impaired endothelial cell proliferation, migra-
tion, adhesion and tube-formation in response 
to angiogenic growth factor stimulation by vas-
cular endothelial growth factor (VEGF) [136] 
and placental growth factor (PIGF) [133, 137] 
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suggesting that some of the antiangiogenic 
effect of inhibition was ascribable to loss of 
PARP-2. The role of PARP-2 in the regulation of 
proangiogenic genes such as Pecam-1, OPN 
and Hif-1α, known to be upregulated by PARP-1 
[134, 138], has not as yet been investigated.

However, as aforementioned, loss of PARP-2 
produces upregulation of SIRT1 activity in mice 
[26]. Aside from known metabolic roles, the 
NAD+-dependent deacetylase exerts a proan-
giogenic effect via multiple mechanisms includ-
ing repression of the antiangiogenic transcrip-
tion factor FOXO1 [139] and activation of the 
proangiogenic transcriptional regulator PGC-1α 
[140, 141]. SIRT1 also regulates the Notch sig-
nalling pathway, an important controller of 
blood vessel patterning and growth [142], both 
by deacetylation and inactivation of signalling 
intermediates [140] and epigenetic changes in 
Notch target genes [143]. Further investiga-
tions will be necessary to characterise the 
effects of PARP2-selective inhibition in neovas-
cularisation through its role in SIRT1 modula- 
tion.

Role of PARP-2 in inflammation

The tumorigenic role of the proinflammatory 
microenvironment of a cancer is being increas-
ingly understood and is an important feature of 
cancer development [47]. A role of PARP-1 in 
the inflammatory response has been estab-
lished for a range of disease models [144, 
145], imputed to either a functional interaction 
with NF-κB, an important transcriptional regula-
tor of inflammation, or NAD+ depletion second-
ary to PARP overactivation [146, 147]. In con-
trast, far less is understood of the potential 
roles of PARP-2 therein and mechanisms th- 
ereof.

Current evidence demonstrates differential 
importance of PARP-2 in different inflammatory 
disease models. In secretagogue-induced mur- 
ine models of acute pancreatitis, PARP-1 but 
not PARP-2 deficiency attenuates disease 
severity [145], whereas Parp-2 knockdown, like 
non-specific PARP inhibition, reduces inflam-
mation in IL-10-deficient mouse models of 
chronic colitis [148, 149]. More recently, it was 
shown that Parp-2 deletion, like non-selective 
PARP-1/2 inhibition, abates neuroinflammation 
and neurological dysfunction in mouse models 
of multiple sclerosis [150, 151]. Further studies 

are required to elucidate roles of PARP-2 in 
other inflammatory diseases and the mecha-
nisms thereof.

Role of PARP-2 in immunomodulation and 
immune evasion

Despite considerable enthusiasm regarding 
the prospect of PARP inhibition in cancer thera-
py, little attention has been paid to the role of 
these proteins in the modulation of the immune 
response to neoplasia. In addition to tumour 
cells, the tumour microenvironment is com-
posed of stromal cells and tumor-infiltrating 
immune cells of both innate and adaptive lin-
eages [152]. These diverse cells communicate 
with one another by means of direct contact 
and/or indirect paracrine signaling mediated by 
soluble factors such as cytokines and chemo-
kines. This intercellular signaling can drive 
immune responses which may either hinder or 
facilitate tumour growth [153]. Interestingly, 
PARP-1 and PARP-2 have been shown to play a 
role in both innate and adaptive immune 
responses [154-156]. One of the major players 
in the immune response to cancer is the T cell. 
Although peripheral T cell homeostasis appears 
unaffected by either PARP-1 or PARP-2-
deficiency in mice [24], PARP-1 is implicated in 
the regulation of NFAT [157] and Foxp3 [158, 
159] expression, transcription factors impor-
tant in T cell development and function. In con-
trast, the role of PARP-2 in such immunoregula-
tion is as yet unexplored. PARP-1-deficiency is 
also found to promote Th1 cell responses [156], 
whereas PARP-2 deletion in EAE mouse models 
reduces Th1 and Th17 cell infiltration in the 
central nervous system suggesting non-redun-
dant roles of PARP-2 in modulating T cell 
responses [150]. While PARP-1 is dispensable 
for thymocyte development, PARP-2-deficiency 
is found to halve CD4+/CD8+ (double positive; 
DP) thymocyte cellularity, and produce impaired 
DP survival accompanied by a marked increase 
in DP sensitivity to apoptosis [24].

Recent studies of tumour transplantation in a 
BALB/c syngeneic tumour model demonstrate 
a reduction in lung adenocarcinoma growth in 
Parp-1-/- host mice, and to a lesser extent in 
Parp-2-/- host mice compared to wild-type [127, 
160]. This effect may be mediated, at least in 
part, by modulation of the immune response 
against the tumour in the absence of either 
PARP-1 or PARP-2. Further studies are required 
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to understand the specific function of PARP-2 in 
immunomodulation and its role in tumour 
destruction and immune evasion. Although bio-
logical strategies directing the immune system 
against tumour cells are under extensive study, 
small-molecule approaches targeting intracel-
lular signalling pathways [161] such as those 
mediated by PARP proteins, may represent a 
potential therapeutic approach to fighting can- 
cer.

Future prospects for PARP-2-selective inhibi-
tion in cancer therapy

PARP inhibition for cancer therapy has classi-
cally focused on either one of two antitumori-
genic mechanisms of action, either the poten-
tiation of DNA-damaging chemo- or radiothera-
py [162-165] or synthetic lethality in DSBR-
deficient tumours which are thus dependent on 
SSBR/BER and PARP [166-168]. However, 
most clinically trialled ‘PARP inhibitors’ show 
weak or no selectivity among the PARP super-
family and even major clinical candidates such 
as veliparib and olaparib show no discrimina-
tion between PARP-1 and PARP-2 [169]. The 
activity of such agents should thus be consid-
ered as the effect of either pan-PARP inhibition 
or in many cases, PARP-1/2 blockade. The 
search for selective inhibitors is important both 
for the specific targeting of the non-redundant 
functions of PARPs but also to reduce off-target 
effects.

The above account of the pleiotropic influence 
of PARP-2 in the hallmarks of cancer reveals a 
wide-ranging molecular network regulated by 
this ADP-ribosyltransferase. The critical role of 
PARP-2 in DNA repair and the results of double-
knockout mouse models immediately suggests 
the potential utility of PARP-2-selective inhibi-
tion in radio- or chemopotentiation or synthetic 
lethality approaches to cancer therapy. In addi-
tion, the broadening roles of PARP-2 in genomic 
stability and the bias of its action for highly pro-
liferative cells suggest that PARP-2 inhibition 
could also serve to resist tumour growth via 
exacerbation of replication stress, induction of 
chromosome mis-segregation and dysregula-
tion of cancer epigenetics, cell cycle progres-
sion and telomere integrity. Furthermore, 
emerging roles of PARP-2 in regulation of the 
tumour suppressor TGFβ signalling cascade 
may provide another means of halting tumour 
proliferation. Of great interest is also the func-

tion of PARP-2 in metabolism; the aforemen-
tioned biochemical, cellular and organismal 
effects of PARP-2 loss on metabolism point 
towards a shift in metabolic profile away from 
the neoplastic Warburg effect. It may be that in 
addition to multilateral genomic destabilisa-
tion, PARP-2 inhibition could additionally hinder 
tumour growth by establishment of a metabolic 
programme non-permissive for carcinogenesis. 
We speculate that the immunomodulatory and 
seemingly tissue-specific anti-inflammatory 
effect of PARP-2 deletion in mice combined 
with putative roles in angiogenesis could reveal 
that PARP-2 inhibition further impairs tumour 
development through deprivation of essential 
oxygenation, nutrition, immunoprotection and 
growth signals. In addition, functions of PARP-2 
in tumour invasion need to be explored. From 
these heterogeneous effects in the hallmarks 
of cancer, we propose that pharmacological 
inhibition of PARP-2 may provide a multipronged 
attack on tumour physiology on a genomic, cel-
lular and microenvironmental level. Further 
studies will be needed to characterise the 
expanding regulatory network of PARP-2 to 
inform the design of PARP-2-selective inhibitors 
and evaluate the therapeutic utility thereof. 
Greater specificity may even be achieved by 
pharmacological targeting of PARP-2 protein 
substrates, such as blockade of epitopes sub-
ject to PARP-2-mediated PARylation, permitting 
‘fine-tuning’ of target molecule functionality. 
There is thus great unexplored potential for the 
selective inhibition of PARP-2 or its targets and 
future work will be needed to guide the devel-
opment of novel therapeutics.
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