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Introduction
In 2005, two groups of Bryant HE, et al[1] and Farmer H, et al[2] 

reported their discovery of highly selective anticancer activity 
of poly(ADP-ribose) polymerase (PARP) inhibition in BRCA1- 
and BRCA2-deficient cancers in the same issue of Nature.  
Subsequent successful clinical trials with PARP inhibitors for 
cancer therapy have proved that the discovery made a major 
breakthrough at least at two aspects: raising a very promis-
ing selective anticancer strategy and vigorously boosting 
the research and development of PARP inhibitors as cancer 
therapeutics.  This current review will be focused on these two 
aspects, especially on the new advances and existing questions 
in the field of anticancer PARP inhibitors due to several bril-
liant comprehensive reviews available[3–5].  

Targeting PARPs, a promising selective anticancer 
strategy
PARPs related to the activity of DNA 
The first member of the PARP superfamily, PARP1, was 
reported in 1963[6] and up to now, this superfamily has 
expanded to at least 17 members including PARP1, PARP2, 
PARP3, PARP4/vPARP, PARP5a/tankyrase 1 (Tank1) and 
PARP5b/tankyrase 2 (Tank2)[4].  Although all are charac-

teristic of a common conserved catalytic domain, only five 
members (PARP1, PARP2, PARP4, Tank1, and Tank2) possess 
the bona fide poly(ADP-ribosyl)ation activity of transferring 
and polymerizing ADP-ribose from nicotinamide adenine 
dinucleotide (NAD+) onto acceptor proteins[3, 7, 8].  The others 
reveal only the transferase activity of transferring mono(ADP-
ribose) (MAR), with the exception of PARP9 and PARP13, 
two of which show no identified enzymatic activity[7].  In fact, 
poly(ADP-ribosyl)ation and mono(ADP-ribosyl)ation of pro-
teins have been shown to function differently.  The former 
forms long branched polymers of PAR on targeted proteins, 
which provide scaffolds to further molecular reactions, to 
regulate the actions of the modified proteins, or to promote 
their degradation; the latter adds a single MAR to its targeted 
proteins, the activity of which may thus be changed[7, 8].  As an 
example, PARP3 mono(ADP-ribosyl)ates PARP1 and activates 
the latter even at the condition of no DNA binding that is 
required for the autoactivation of PARP1 itself[8].  

The members in the PARP superfamily related to the activ-
ity of DNA mainly include PARP1, PARP2, Tank1, and Tank2.  
Within the cell, PARPs exert differential functions due to their 
different abundance, targeting proteins and cellular locations.  
PARP1 accounts for at least 80% of total cellular PARP activ-
ity[9], and together with its nearest relative PARP2, constitutes 
the DNA-damage-dependent PARPs[9, 10].  Mainly located in 
the nucleus, PARP1 poly(ADP-ribosyl)ates various nuclear 
proteins including histones H1 and H2B, XRCC1, CENP-
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A, CENP-B, BUB3, and itself, whereas PARP2 adds PAR to 
XRCC1, CENP-A, CENP-B, BUB3, and itself[11–13].  Most of 
those proteins are involved in the activities of DNA and cen-
trosomes, especially in DNA-damage repair, specifically the 
base excision repair (BER).  PARP1/2 function as DNA single 
strand break (SSB) sensors.  Once one strand of DNA breaks, 
PARP1/2 bind to the nicked site, which activates their own 
enzymatic activity, causing the poly(ADP-ribosyl)ation of 
PARP1/2 and other nuclear proteins including histones and 
XRCC1 at the expense of NAD+.  Consequently, DNA poly-
merase β and the ligase III-XRCC1 complex are recruited to 
the poly(ADPribosyl) ated PARP1/2 to repair the SSB[14, 15] .

Though associated with genomic stability, Tank1 and Tank2 
act in a different way from PARP1/2.  Both tankyrases are 
found at telomeres where they facilitate telomere elongation 
by poly(ADP-ribosyl)ating the negative regulator of telomere 
length, TRF1, and then releasing it from the telomeres[16, 17].  
Tank1 associates with TRF1 and regulates telomere length.  In 
fact, cells deficient in Tank1 suffer a block in resolution of sis-
ter telomeres and arrest in early anaphase due to a persistent 
telomere association[18].  Tank1 is thus believed to disrupt a 
“telomere cohesion complex” that holds telomeres together till 
separation at anaphase[18].  Consistent with the in vitro observa-
tions, both Tank1 and Tank2 are found to be essential though 
redundant for mouse embryonic development[19].  In addi-
tion, Tank1/2 are also found to regulate the Wnt/β-cantenin 
pathway (see the following).  These findings highlight a novel 
important function of poly(ADP-ribosyl)ation.

In addition, some members of the PARP superfamily may 
also indirectly affect the activity of DNA via the mono(ADP-
ribosyl)ation of PARP1 as by PARP3 or of histones as by 
PARP3 and PARP10[7, 8] .  However, the precise biological func-
tions of most of the other PARPs remain largely unclear.  

Targeting PARP as a selective anticancer strategy
Targeting PARP 1/2 
PARP1/2 are essential to repair SSB.  Deficiency in the 
PARP1/2 activity leads to the accumulation of SSB.  When col-
liding the progressing replication forks, the SSB are converted 
to DNA double-strand breaks (DSB)[20, 21].  To repair such DSB, 
the homologous recombination (HR) pathway and the ATM-
Chk1 signaling pathway must be activated[22].  Deficiency in 
both the pathways, ie functional mutations in their critical 
components (for example, BRCA1/2, ATM and Chk1) disables 
the HR repair, which confers lethality to those DSB.

This forms the basic principle for cancer therapy by target-
ing PARP1/2.  Apart from the inhibition of PARP1/2, in this 
principle, another two prerequisites are SSB and aberrant HR 
repair.  SSB can be endogenous and exogenous.  Each day, 
about 20 000 DNA lesions per cell result from all endogenous 
DNA damage such as spontaneous DNA depurination, dam-
age from reactive oxygen species, deamination of bases and 
alkylation damage[23].  Among those lesions, a significant frac-
tion is or will be converted to SSB that requires PARP1/2 for 
repair.  Exogenous SSB can be generated with ionizing radia-
tion, alkylating agents (for example, temozolomide, methyl-

methanesulfonate (MMS), cyclophosphamide), platinum (cis-
platin, carboplatin, oxaliplatin) and topoisomerase I inhibitors 
(topotecan, irrinotecan)[3, 24].  Generating the endogenous and 
exogenous SSB forms the basis for selective and combination 
anticancer treatments, respectively.  

On the other hand, aberrant HR repair mainly results from 
the defects in the HR pathway and the ATM-Chk1 pathway.  
Both BRCA1 and BRCA2 are an essential component of a core 
HR complex[14].  Their inactivated mutations make the HR 
repair lose its function and predispose individuals to cancers 
due to genomic instability.  In fact, the inactivation of BRCA1 
and BRCA2 is responsible for nearly 10% of all invasive breast 
cancers[20] and for a fraction of ovarian and prostate cancers.  
Moreover, a life risk of breast cancer is greater than 80% in 
those carriers of BRCA1 or BRCA2 mutations[25].  But not only 
that, the abnormality in BRCA1 is also related to colorectal 
cancer and in BRCA2, even more extensively, to cancers at 
buccal cavity and pharynx, stomach, pancreas, melanoma of 
the skin, and gallbladder and bile ducts[26–28].  In contrast, both 
ATM and Chk1 are important kinases in DNA damage signal-
ing, responsible for damage sensing and modulating cell cycle 
progression in order to facilitate the HR repair.  Consistently, 
deficiency in ATM and Chk1 impairs the HR repair and is 
associated with leukemia and various other cancers[22, 24].  

Therefore, inhibition of PARP1/2 in BRCA1- and BRCA2 
-deficient cancers results in synthetic lethality due to the dis-
abled repair for daily endogenous DNA damage[1–3, 29] (Figure 
1).  In this situation, targeting PARP1/2 elicits selective anti-
cancer effects by only killing the cancer cells with two mutated 
copies of those genes but sparing the normal cells with one 
good copy of them[1, 2, 29].  This strategy thus distinguishes 
malignant cells from normal cells based on their differential 
BRCA, totally different from the current strategies in clinic by 
using cytotoxic drugs or molecular-targeted drugs.  In fact, 
cytotoxic drugs non-selectively kill cancer and normal cells 
due to targeting the essential biological components including 
DNA, topoisomerases and tubulin to both cell types.  Similarly 
though a little slightly, the present molecular-targeted drugs, 
targeting biological molecules such as EGFR, VEGFR, and 
PDGFR that are differentially activated in both cancer and nor-
mal cells, also afflict the normal cells because those molecules 
are essential to the cells, especially in those rapid-turnover tis-
sues.  Another different point is that all BRCA1, BRCA2, and 
ATM function as tumor suppressors while the molecules (ie, 
EGFR, VEGFR, PDGFR, etc) [30] targeted by the present molec-
ular-targeted drugs generally play a role of oncogenes in can-
cers.  Therefore, targeting PARP1/2 is, in nature, to indirectly 
target the defects of cancers, and in theory, faces much lower 
risk of systematic toxicity than using conventional cytotoxic 
drugs or the present molecular-targeted drugs.  

In BRCA1- and BRCA2-proficient cancers, inhibition of 
PARP1/2 may potentiate anticancer effects of inducing exog-
enous SSB, for example, with ionizing radiation, oxaplatin or 
irinotecan[3, 24].  In this occasion, too many exogenous SSB are 
accumulated in the cell subsequent to PARP1/2 inhibition and 
are converted to DSB, which probably overwhelm the normal 
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HR repair and finally become lethal (Figire 1).  Because both 
PARP1/2 inhibition and exogenous SSB induction are nonse-
lective for cancer and normal cells, this approach renders a rel-
atively high risk of systematic toxicity though likely achieving 
significant chemopotentiation[31].  Consistent with this theory, 
accumulating nephrotoxicity of cisplatin was observed when 
in combination with the PARP inhibitor AZD2281[32].

Targeting Tank1/2 
Although the functions of Tank1/2 remain to be thoroughly 
clarified, both have revealed a possibility to act as anticancer 
targets at least in two different ways: one is via the telomere-
telomerase system and the other is via the Wnt/β-catenin 
pathway.  In the former, the telomere-specific DNA binding 
protein TRF1 is a critical mediator of the effect of targeting 
Tank1/2.  Normally, TRF1 binds to the telomere, which pre-
vents telomerase from its access to the telomere[33, 34].  Tank1/2 
poly(ADP-ribosyl)ate TRF1 and release it from the telomere 
and force it to degradation via the ubiquitin-proteasome path-
way, consequently facilitating the telomerase-mediated elon-
gation of the telomere[16, 35, 36].  Inhibition of Tank1/2 increases 
the binding of TRF1 to the telomere and thus accelerates the 
telomere shortening[37].  Therefore, Tank1/2 inhibition may 
potentiate the telomere shortening due to telomerase inhi-
bition and circumvent the cellular resistance to telomerase 
inhibitors.  

In the latter, the β-catenin suppressor Axin plays a role in 

relaying the effect of targeting Tank1/2 to the Wnt/β-catenin 
pathway, very similar to the role of TRF1 in mediating the 
effect of targeting Tank1/2.  Axin is the scaffold of the Axin 
complex consisting of GSK3α/β and CKIα and APC, which 
phosphorylating β-catenin and making it degraded through 
the ubiquitin-proteasome pathway[38].  Recently, Axin has been 
shown to be poly(ADP-ribosyl)ated by Tank1/2 followed by 
being ubiquitinated and degraded also via the proteasome 
pathway[39, 40].  As a result, Tank1/2 may, through promot-
ing the degradation of the suppressor (Axin) of β-catenin, 
enhance the activity of the Wnt/β-catenin pathway.  Inhibi-
tion of Tank1/2 prevents Axin from the poly(ADP-ribosyl)
ation-mediated degradation, increases its own levels, and thus 
reduces β-catenin by promoting its destruction, finally inhibit-
ing the Wnt/β-catenin pathway[39, 40].

Because both the telomere-telomerase system and the Wnt/
β-catenin pathway are abnormally overactivated in various 
cancers, targeting Tank1/2 could achieve, to some extent, 
selective anticancer effects.  In this case, there are at least 3 
impressive features in targeting Tank1/2.  Firstly, both path-
ways are controlled negatively by a corresponding specific 
factor (ie, TRF1 or Axin) that is further regulated negatively 
by Tank1/2.  Therefore, targeting Tank1/2 is, in essence, to 
remove its own inhibition on a negative regulator and thus to 
enhance the latter’s suppression on the relevant overactivated 
pathway.  Such a mode of targeting “dual-inhibition” is inter-
esting and unique though its anticancer effectiveness remains 

Figure 1.  A schematic presentation of the 
rat ionale of target ing PARPs for cancer 
therapy.  Inhibition of PARPs impairs the 
repair for DNA single-strand breaks (SSB), 
which then accumulate in the cell.  When 
colliding the progressing replication forks, 
those SSB are converted to DNA double-strand 
breaks (DSB) that are generally repaired 
through the homologous recombination (HR) 
pathway.  Defects in the HR pathway such 
as the functional mutations of BRCA1 or 
BRCA2 disable the repair for those DSB and 
confer lethality to them.  This is so called as 
“synthetic lethality”.  On the other hand, if the 
HR pathway functions normally under PARP 
inhibition, additional introduction of exogenous 
SSB as induced by irradiation or certain DNA 
damaging drugs may produce excessive DSB 
that overwhelm the HR repair.  Consequently, 
those excessive, unrepaired DSB kill the cell. 
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to be further evaluated.  Secondly, targeting Tank1/2 pre-
vents TRF1 or Axin from being degraded via the poly(ADP-
ribosyl)ation-dependent ubiquitin-proteasome pathway.  This 
Tank1/2-executed poly(ADP-ribosyl)ation triggers the degra-
dation (of TRF1 or Axin) but not activates them, prettily differ-
ent from targeting PARP1/2.  Finally, targeting Tank1/2 con-
currently inhibits two important pathways, which may elicit 
enhanced anticancer effects in the cancers with overactivation 
of those pathways.

PARP inhibitors as cancer therapeutics
Since 2005, the rapid development of PARP inhibitors for can-
cer therapy has brought at least 7 PARP inhibitors into clinical 
anticancer investigations, and 2 of them have entered phase 
III clinical trials for cancer therapy.  The encouraging results 
from those clinical studies further reveal a promising future of 
targeting PARP as an anticancer strategy.  

PARP inhibitors: classification and their molecular modes of 
action
The current PARP inhibitors can be classified based on the 
type of the targeted PARPs and on their chemical structure 
and mode of action.  According to the targeted PARPs, PARP 
inhibitors can be divided into the inhibitor of PARP1, PARP2, 
Tank1, Tank2, and so on.  Among them, only PARP1/2 inhibi-
tors are in clinical trials for cancer therapy, and only two 
Tank1/2 inhibitors[40] are shown a preliminary potential as 
cancer therapeutic agents.  
PARP inhibitors fall into competitive and noncompetitive 
inhibitors according to whether they contain the nicotinamide 
pharmacophore and compete the catalytic site of the enzyme 
with nicotinamide[5].  The reported inhibitors, with very few 
exceptions, belong to the competitive inhibitors.  In fact, only 
two, BSI-201 [4-iodo-3-nitro-benzamide, (INO2BA)] and BSI-
401 [6-iodo-5-amino-1,2- benzopyrone], containing no nicoti-
namide pharmacophore, represent the noncompetitive ones.  
Both eject the zinc from the first zinc-finger of the PARP1 
protein and thus inactivate the enzyme[41, 42].  In addition, BSI-
201 inactivates PARP1 by completely digesting the PARP1 
protein itself via activating a PARP1 protease[41, 43].  BSI-201 
is one of the most specific and effective C-nitroso-derivative 
PARP1 inhibitors so far, showing a significant tumoricidal 
effect against different cancer cell lines, especially when in 
combination of the glutathione-synthesis inhibitor buthionine 
sulfoximine[41, 43].  BSI-401 also exhibited prominent antitumor 
activity when used alone or in combination with oxaliplatin[44].  

The competitive PARP inhibitors, most of which are 
PARP1/2 inhibitors, play a leading role in current drug devel-
opment programs.  Such inhibitors are designed to mimic nico-
tinamide and compete for the catalytic domain of PARPs[5, 45–48].  
For PARP1 inhibitors, as yet, more than 30 scaffolds have been 
reported, including isoquinolinones, dihydroisoquinolinones, 
quinazolinediones, quinazolinones, benzimidazole and benzo-
xazole carboxamides (detailed in the comprehensive review by 
Ferraris DV)[5].  Based on them, thousands of derivatives are 
produced.  The X-ray cocrystals of the chicken PARP1 and its 

inhibitors revealed the binding modes of those lactams[45].  The 
amide group of each inhibitor forms three hydrogen bonds in 
the nicotinamide binding pocket of the enzyme protein, one 
from Ser904 and two from Gly863 in the nicotinamide binding 
site[45].  Any substitution close to the amide usually impairs the 
potency of its PARP1 inhibition due to disrupting those critical 
hydrogen bonds.  In contrast, two aryl residues, Tyr896 and 
Tyr907 in the same pocket, form π-π stack with the flat aryl-
amide of the inhibitor, which potentiates its PARP1 inhibition; 
for this reason, inhibitors with saturated amides generally pos-
sess reduced activities.  

However, such an approach to mimic nicotinamide gener-
ally yields inhibitors with relatively low specificity for differ-
ent isoforms, specifically PARP1 and PARP2, for the binding 
environment between these PARPs is virtually identical[45, 46, 49].  
In this case, off-target effects are almost unavoidable.  Never-
theless, to decrease the off-target effects and also to investigate 
the specific effect of each PARP isoenzyme, some isoenzyme-
specific PARP inhibitors have been developed and reported, 
for example, PARP2 inhibitors (UPF-1035, UPF-1069)[50] .  
Undoubtedly, these isoform specific inhibitors can become 
sharp tools in exploring the differential functions of PARP 
isoenzymes in the cell.  But their potential implications in 
cancer therapy remain to be further evaluated because of the 
redundant functions between those isoforms, just as PARP1 
and PARP2 in the SSB repair and Tank1 and Tank2 in the 
telomere-telomerase system and in the Wnt/β-catenin path-
way.

Clinical development of PARP inhibitors as cancer therapeutics
Before 2005, PARP inhibitors were mainly tested in combina-
tion with other anticancer agents such as irradiation, temozo-
lomide and oxaliplatin for their radio- or chemo-potentiation.  
But after 2005, the concept of sythetical lethality conceived 
from the studies of Bryant HE, et al[1] and Farmer H, et al[2] 
forcefully stimulated the trials of PARP inhibitors alone for 
their selective anticancer activity in BRCA1- and BRCA2-defi-
cient cancers.

Clinical trials with single-agent PARP inhibitors in treating 
BRCA1- and BRCA2-deficient cancers
Using genetic interference and PARPA1/2 inhibitors, Bry-
ant HE, et al[1] and Farmer H, et al[2] independently found that 
PARP1/2 inhibition resulted in 100–1000 times greater killing 
in BRCA-deficient cancers than in BRCA-proficient cells.  This 
finding directly conceived the concept of sythetical lethal-
ity and targeting the defects of cancers, which moved the 
focus of the PARP-inhibitor development from other diseases 
(ie, cardiac ischemia, inflammation) onto cancers, especially 
those with the HR-repair deficiency.  All current traceable 
clinical trials with 7 PARP inhibitors [BSI-201(BiPar/Sanofi, 
phase III*), AZD2281 (KuDOS/AstraZeneca, phase III*), ABT-
888 (Abbot, phase II*), AG -014699 (Pfizer, phase II*), INO-
1001 (Inotek, phase II*), CEP-9722 (Cephalon, phase I*) and 
MK-4827 (Merck, phase II*)] are designed to treat cancers (* 
represents the most advanced stage)[5].  Several of them, ie, BSI-
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201, AZD2281, ABT-888, and AG-014699, are being evaluated 
for their single-agent therapy in BRCA-deficient breast and/or 
ovarian cancers, showing encouraging therapeutic effects with 
least systematic toxicity.  

As a novel, potent, and orally bioavailble PARP inhibitor, 
AZD2281 as monotherapy was reported to achieve prominent 
therapeutic results in BRCA-associated cancers in a phase I 
study[51].  Among 60 evaluated patients, 23 carried the BRCA1- 
or BRCA2- mutated cancers but only 19 (15, ovarian; 3, breast; 
1, prostate) had evaluable clinical responses.  Among them, 
treatment with AZD2281 at 400 mg or 600 mg produced a 
clinical benefit of 63% (12/19) characteristic of stabilization or 
tumor regression, and 47% (9/19) had a partial or complete 
response with the response in one patient persistent for over 
76 weeks[51].  Notably, AZD2281, at the conditions of pro-
ducing the objective therapeutic responses, only led to very 
limited, reversible toxicities, which were basically grade 1–2 
adverse events[51].  Following this phase I study, its phase II 
clinical trials have also been completed (but the results have 
not been reported yet) and now AZD2281 is undergoing its 
phase III clinical evaluations[5].

Clinical trials of PARP inhibitors in combination with DNA 
damaging agents
Though the monotherapy as with AZD2281 in clinical trials 
shows an inspiring prospect in populations with cancers of 
specific defects, but such specific populations are too small, 
limiting the clinical development of PARP inhibitors.  On the 
other hand, the efficacy of the monotherapy based on the lim-
ited daily endogenous DNA damage may be actually potenti-
ated by introduction of additional exogenous DNA damage as 
generated with irradiation and some DNA damaging antican-
cer drugs[32, 52, 53].  To expand the potential clinical indications 
and also to enhance the therapeutic efficacy, clinical develop-
ment of some PARP inhibitors are going back to the mode 
of combination with DNA damaging agents that had been 
explored prior to the monotherapy.  Actually, most of ongoing 
clinical trials with PARP inhibitors are designed in a combina-
tion therapy manner.  

A phase II clinical trial with the PARP1 inhibitor BSI-201 in 
combination with gemcitabine/carboplatin was completed 
last year in 116 patients with triple-negative metastatic breast 
cancer (TNBC)[54].  This clinical evaluation shows a definite 
clinical benefit in the patients of roughly 62% receiving both 
BSI-201 and chemotherapy, in striking contrast to the response 
of only 21% in the patients receiving chemotherapy alone.  
Moreover, the introduction of BSI-201 greatly prolonged 
the median lifespan up to 9.2 months as compared with 5.7 
months in the control groups[53, 55, 56].  Based on these encourag-
ing data, a phase III clinical trial of BSI-201 has been started in 
July 2009 (NCT00938652).  Characteristic of negative estrogen 
receptor, progesterone receptor and HER2, of the BRCA muta-
tions and of high metastatic potential, TNBC defies almost all 
current hormone-based and HER2-targeted therapies[57].  The 
situation strongly urges new therapeutic approaches to TNBC 
that accounts for up to 10%−20% of all breast cancers[58].  And 

similar situation also exists in ovarian cancers.  Therefore, the 
clinical results of BSI-201 indeed blazed a trail in those refrac-
tory cancers with high lethality.

As a matter of fact, PARP inhibitors are also clinically 
tested for an expansion of cancer types and anticancer agents 
(http://clinicaltrials.gov).  In addition to breast, ovarian and 
prostate cancers, many other types of advanced malignancies 
are also under clinical investigation including squamous-cell 
lung cancer, non-small-cell lung cancer, malignant glioma, 
uterus tumor, peritoneal cancer, gastric cancer, colon tumor, 
pancreatic cancer, metastatic malignant melanoma, and lym-
phoma/leukemia.  The anticancer agents in combination also 
range from SSB-inducing agents including DNA alkylating 
agent (temozolomide, MMS, dacarbazine), topoisomerase I 
inhibitors (topotecan, irinotecan), DNA cross-linking agents 
(cisplatin, oxaliplatin and carboplatin) and ionizing radia-
tion, to other DNA damaging agents such as topoisomerase II 
inhibitors (doxorubicin), nucleoside analogues (gemcitabine), 
and antifolates (pemetrexed), and to non-DNA-damaging 
agents just as microtubulin inhibitors (paclitaxel, vinorelbine) 
and even bevacizumab, a monoclonal antibody against vascu-
lar endothelial growth factor.  Those clinical trials may, if suc-
cessfully, remarkably expand the future application of PARP 
inhibitors.  So the results are urgently waited for by all the 
related parties including researchers, physicians and pharma-
ceutical companies.

Existing questions in the field of PARP inhibitors and 
their possible answers
Though a very explicit promise are emerging from the clini-
cal trials, there still exist numerous questions remaining to be 
solved in order to accelerate the development of PARP inhibi-
tors as cancer therapeutics, especially related to the functions 
of PARPs, designing and application of their inhibitors.

On the functions of PARPs
At least 17 members of the PARP superfamily have been 
reported.  However, only PARP1 has been relatively thor-
oughly investigated for its distribution at subcellular, cellular 
and tissue levels, its modes of action, its functions and its roles 
in diseases.  In particular, its essential role in the SSB repair 
has been clarified well and for this reason, the field of target-
ing PARP for cancer therapy has been opened.  PARP2 is the 
second most understood member in this superfamily that is 
redundant with PARP1 in their function of DNA repair but 
distinct from the latter in some other aspects.  For example, 
PARP2 is deeply involved in the regulation of the immunolog-
ical system[21, 59, 60].  Additionally, Tank1 and Tank2 are found 
to have redundant functions in regulating the telomere-telom-
erase system and the Wnt/β-catenin pathways[36, 39].  Many 
other members of this superfamily have been least reported 
for their biological functions, needless to say their roles in dis-
eases.

This scenario brings forth the following two critical ques-
tions that are necessary to be answered in developing better 
PARP inhibitors as cancer therapeutics.  (1) Do we need spe-
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cific PARP inhibitors, say, specific PARP1, PARP2, or Tank1, 
Tank2 inhibitors?  The embryonic lethality of double (but not 
single) knockout mice of PARP1/PARP2 or Tank1/Tank2 
indicates their redundant functions and suggests a necessity of 
concurrently targeting PARP1 and PARP2 or Tank1 and Tank2 
for effective cancer killing.  In contrast, inhibition of PARP1, 
but not PARP2, specific killed BRCA2-deficient tumors, sug-
gesting specific PARP1 inhibitor may be fewer side effects 
than co-inhibitors of PARP1/2[1].  Indeed, the non-specific 
PARP1/2 inhibitors AZD2281, AG014699, and ABT-888 were 
reported to cause the dose-limiting toxicity of myelosuppres-
sion whereas the specific PARP1 inhibitor BSI-201 revealed its 
lack of normal tissue toxicity though similar anticancer effects 
were achieved[31].  This difference seems to suggest that specifi-
cally targeting PARP1 is a better choice though it is difficult to 
exclude the impact of the different administration regimens in 
those studies[31].  So it becomes important to developing inhibi-
tors of specific PARPs to comparatively test their therapeutic 
effects and systematic toxicity in clinic.  (2) Can any other 
members in this superfamily except for PARP1 and PARP2 be 
targeted for cancer therapy? According to very preliminary 
experimental evidence[39, 40], Tank1 and Tank2 could be such 
ones but need to be further validated.  For the other members, 
more studies are required.  

On the designing of new PARP inhibitors
Most of the PARP inhibitors under clinical trials reveal very 
potent in vitro activity of PARP1/2 inhibition with IC50 rang-
ing from 1 nmol/L to 6 nmol/L, and in humans, result in 
more than 90% inhibition of the PARP1/2 enzymatic activ-
ity[31, 51].  Therefore, efforts just focused on how to enhance the 
potency or efficacy of enzymatic inhibition may only achieve 
limited success in improving the benefit of patients though 
such a strategy has continuously been ameliorated[31].  So what 
can we do?  To answer this question, we first need to examine 
what the problems of the current PARP inhibitors are.  Practi-
cally, the current PARP inhibitors are mainly faced with two 
problems: one is the therapeutic effectiveness due to its strict 
dependency on the deficient HR and endogenous DNA dam-
age when used alone, and the other is the possible increase in 
the systematic toxicity when in combination with DNA dam-
aging agents.  So, these two must be borne in mind in design-
ing new PARP inhibitors.  To tackle the first problem, one may 
design agents concurrently targeting PARP1/2 and the critical 
components in the HR repair or in the DSB signaling pathway, 
for example, ATM or Chk1, and such inhibitors can be called 
“dual functional inhibitors” of the SSB and DSB repairs.  This 
strategy may be feasible because PARP inhibitors and ATM 
or Chk1 inhibitors are actually synergistic[29, 61, 62].  The latter 
appears to be more difficult to deal with, and thus we may 
turn to more careful selection of the DNA damaging agents or 
even the non-DNA damaging agents in combination accord-
ing to the specific types of cancers.  

Additionally, the mode of action of the PARP1 inhibitor BSI-
201 seems very special and notable.  According to the earliest 
report on this agent[41], BSI-201 only showed relatively weak in 

vitro enzymatic inhibition of PARP1 with an IC50 of about 100 
µmol/L.  However, it shows excellent anticancer effects with 
very low systematic toxicity either preclinically or clinically[5].  
Distinct from other competitive PARP inhibitors, BSI-201 
does not compete the catalytic domain of the PARP1 enzyme 
with nicotinamide[41].  Otherwise, it is possible that BSI-201 
may inhibit the binding of PARP1 to the DNA single-strand 
broken ends that are known as the activator of the enzymatic 
activity of PARP1.  If this is true (though needing additional 
experimental evidence), targeting the allosteric site of PARPs 
or the binding of PARPs to the DNA and thus preventing their 
activation by SSB may be another selectable strategy in design-
ing new inhibitors.  In addition to directionally designing new 
compounds, for this purpose, it could be valuable to introduce 
natural products (because of their diversity of chemical struc-
tures) and their derivatives into the corresponding drug-dis-
covery programs, thus obtaining some unexpected active com-
pounds for further optimization.  This may require modifying 
the current mode of PARP inhibitor screening and evaluation 
mainly based on determining enzymatic activity.  

On the application of PARP inhibitors for cancer therapy
Preclinical and clinical anticancer investigations show that 
PARP inhibitors, though promising, have questions yet to be 
answered as follows.  (1) To what degree of PARP inhibition 
can the ideal anticancer therapeutic effects be achieved in the 
cell and especially in the human body? The precise answer to 
this question will lay a solid basis for determining how potent 
the inhibitors are really required and what dosage regimen 
(dose, frequency, duration, cycle, route, etc) is proper in clinic.  
(2) How to prevent, diminish and/or circumvent tumor resis-
tance to PARP inhibitors?  In fact, PARP inhibitors have been 
reported to cause drug resistance via secondary mutations 
in BRCA-deficient cancers[63, 64].  Therefore, it is necessary to 
intensify the study on the drug resistance, in particular, on 
its molecular mechanisms, its relevance to the clinical dosage 
regimens, its preventive measures and the approach to over-
coming it.  (3) What are the proper biomarkers for surveillance 
over therapy, drug resistance and toxicity?  Because PARP 
inhibitors elicit anticancer effects in an indirect manner (ie  
required for the involvement of the HR pathway), only using 
the enzymatic activity of the PARP(s) as the biomarker is not 
enough.  Specific defects of the HR pathway and the DSB sig-
naling pathway (for example, BRCA1/2, ATM, ChK1, PTEN, 
Rad51, etc) may also be considered.  More efforts are needed 
to establish accurate links between the potential biomarkers 
and the therapeutic responses, drug resistance and toxicity.  
(4) How to expand the clinical indications?  Due to only small 
population of patients with cancers carrying BRCA mutations, 
either genetic or sporadic[65], researchers are endeavoring to 
search for gene mutations related to malignancies, including 
ATM, Rad51, Chk1, and PTEN[29, 61, 66, 67] in hopes to expand the 
potential clinical application of PARP inhibitors.  Except for 
DNA damaging agents, new types of anticancer agents such 
as certain molecular-targeted drugs could also come into the 
arsenal of drug combination for PARP inhibitors.  (5) How is 
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the long-term toxicity of PARP inhibitors?  Though only low 
short-term toxicity is observed when the inhibitors are used 
as a single agent, the long-term toxicity remains to be clarified 
in clinic.  The answer to this question is practically critical in 
determining whether and how to use the inhibitors, especially 
in young patients.  (6) How to balance the benefit and toxic-
ity risk when PARP inhibitors are used in combination?  The 
current clinical data show that it is almost unavoidable to 
increase the systematic toxicity risk of DNA damaging agents 
when used in combination with PARP inhibitors.  So carefully 
choosing the drugs and making rational drug administration 
regimens are necessary.  (7) Whether is the administration 
schedule of a PARP inhibitor related to its toxicity?  Clinical 
results revealed that the oral PARP inhibitor AZD2281 when 
dosed continuously caused dose-limiting myelosuppression 
whereas the intravenous PARP inhibitor BSI-201 did not when 
given in an intermittent twice weekly schedule though both 
were in combination with platinum drugs and gemcitabine[31].  
So the data appear to suggest that the drug administration 
regimens (including the route, interval, duration, etc) of PARP 
inhibitors may be relevant to their systematic toxicity.  (8) How 
to avoid the off-target effects?  In addition to PARPs, ADP-
ribose transferase (ARTs), cADPR-ribose synthases (CD38 and 
CD157) and sirtunins all consume NAD+ as a substrate[68].  The 
competitive PARP inhibitors designed to mimic nicotinamide 
may also affect the functions of these enzymes that would be 
required to be clarified.

Concluding remarks
Undoubtedly, the study on PARP inhibitors is one of the fast-
est moving and most exciting fields in research and develop-
ment of new anticancer drugs in recent years.  This would pro-
vide one of the most promising new therapeutic approaches to 
cancers, particularly cancers with specific defects.  Neverthe-
less, as already discussed, there still are many questions and 
problems in this area.  Whether and how to answer the ques-
tions and to tackle the problems may determine the future of 
PARP inhibitors as cancer therapeutics.  The ongoing phase III 
clinical trials with AZD2281 and BSI-201 could partially solve 
them, but considerable efforts will be definitely required for 
the final application of PARP inhibitors in clinic.  
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