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The DNA repair process protects the cells from DNA damaging agent by multiple
pathways. Majority of the cancer therapy cause DNA damage which leads to apop-
tosis. The cell has natural ability to repair this damage which ultimately leads to
development of resistance of drugs. The key enzymes involved in DNA repair pro-
cess are poly(ADP-ribose) (PAR) and poly(ADP-ribose) polymerases (PARP). Tumor
cells repair their defective gene via defective homologues recombination (HR)
in the presence of enzyme PARP. PARP inhibitors inhibit the enzyme poly(ADP-
ribose) polymerases (PARPs) which lead to apoptosis of cancer cells. Current clini-
cal data shows the role of PARP inhibitors is not restricted to BRCA mutations but
also effective in HR dysfunctions related tumors. Therefore, investigation in this
area could be very helpful for future therapy of cancer. This review gives detail
information on the role of PARP in DNA damage repair, the role of PARP inhibitors

and chemistry of currently available PARP inhibitors.
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INTRODUCTION

Cancer is one of the major human health problems
worldwide. The discovery of new target based
therapy has opened a new window in the treatment
of cancer. One major problem in current cancer
chemotherapy is resistance development and severe
toxic effects. Resistance may occur through several
different cell mechanisms. Therefore, the challenge
is to identify new less toxic drugs and to improve
the existing cancer therapy. There is active research
going on to identify targets whose expression or
activation increases cancer growth. The cell DNA
repair mechanism may provide important information
on the above stated problem.! PARP is the enzyme
which is involved in the DNA damage repair process.
Inhibition of PARP may induce apoptosis (Fig. 1).
PARP enzymes are important for many cellular func-
tions? which includes inflammatory gene? in smooth
muscles to response tumor necrosis factor (TNF).*

DNA damage

from endogenous and exogenous source
DNA damage to cells with Proliferative capacity
Errors of Replication or repair

Mutation conferring selective a!/antage for clonal expansion &
premalignant field defect

|

Cancer

Figure 1. Link between DNA damage repair and cancer.
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PARP inhibitors inhibit the enzyme poly(ADP-
ribose) polymerases (PARP). The most important
role of PARP inhibitors is in treatment of cancer.!
Some types of cancers (ovarian and breast) depend
on PARP inhibition.>7 PARP inhibitors can also be
useful in other diseases like stroke, myocardial in-
farction and long term neurodegenerative diseases.®

This review gives detailed information of the
link between DNA damage repair and cancer, the
role of PARP in DNA damage repair, the medicinal
importance of PARP inhibitors and its role in the
treatment of different cancers.

PARP STRUCTURE

PARP structure is made up of four different units.
1. DNA binding domain: it contains two zinc finger
motifs. In case of DNA damage, this domain binds
with DNA and induces conformational shift.

Linear attchment point

2. Auto-modification domain: it releases protein
from DNA.

3. Caspase cleaved domain: this cleavage inhibition
induces cell death program.

4. Catalytic domain.

Fig. 2 shows the catalytic activity of PARP. The
cleavage of NAD+ moiety liberates ADP ribose
monomer (blue) and nicotinamide moiety (red)
in presence of PARP. This chain supplies DNA
repair proteins.’!?

ROLE OF PARP IN DNA REPAIR

PARP is located in the cell nucleus. The main
function of PARP is to detect and signal single
strand DNA breaks (SSB) and give message to the
machinery section which is involved in the repair
of SSB. Several factors like metabolic, chemical or
radiation undergo SSB which activates the PARP.
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Figure 2. Catalytic activity of PARP.
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Figure 3. Mechanisms of PARP inhibitors to produce cell death without affecting normal cells.
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After detection of SSB, PARP binds with DNA,
does structural modification and starts the synthesis
of poly(ADP-ribose) chain (PAR) to provide signal
to DNA repairing enzymes like DNA ligase III (Li-
glll), DNA polymerase beta (polp), and scaffolding
proteins such as X-ray cross-complementing gene
1 (XRCC1). Once repair is done PAR chains is
degraded by the enzyme glycohydrolase.!! NAD*
is required to generate ADP-ribose monomers. It
has been found that overactivation of PARP leads
to disturbance in glycolysis due to the reduction of
cellular NAD* and ATP. PARP is inhibited by DNA
caspase-III cleavage which produces cell death.

DNA REPAIR MECHANISMS AND ROLE OF PARP
INHIBITION

DNA is unstable, alterations of DNA mechanism
occur through different factors like environmental
or by-products of normal cellular metabolism or
disruption of chemical bond in DNA..!? This activity
causes single strand breaks (SSBs), double strand
breaks (DSBs) and intra- or inter-strand cross-links.

This DNA damage is repaired by four differ-
ent DNA repair mechanisms: base-excision repair
(BER), nucleotide-excision repair (NER), mismatch
repair (MMR), homologous recombination (HR)
and non-homologous end-joining (NHEJ). SSBs
are repaired by BER, NER, and MMR while DSBs
are repaired by HR and NHEJ. Some DNA can
be repaired directly.

NORMAL DNA REPAIR MECHANISMS AND
ROLE OF PARP IN SSBS AND DSBS REPAIR

Modification of single DNA strand including SSBs
is the most common deviation. Repairing by BER,
NER, and MMR provides remaining uninjured strand
as complementary which act as a template.!” Ap-
proximately 10,000 spontaneous SSBs occur every
day in each cell.!3 The BER pathway generates PARP
enzyme which is involved in repair mechanism.!?
For the first time PARP was described in 1963 which
involves 17 members and amongst them PARP-1
is the most important.!* The PARP function is to
bind to SSBs in BER pathway.!3-!7 PARP can also
get involved in the NER pathway.!® Thus, PARP
plays an important role in DNA damage repair and
stabilization.

DSBS REPAIR

SSBs convert to DSBs via replication. DSBs damage
can be induced by X-rays, chemical or other fac-

PARP Inhibitors in Cancer Therapy

tors and repaired by HR pathway which is an error
free repair. Due to unavailability of complementary
DNA strand, it is potentially more problematic than
SSBs. If it is repaired by NHEJ, it causes error and
leads to change in DNA sequence at break site.!?

ABNORMAL SSBS AND DSBS REPAIR AND PARP
DEFICIENCY

DNA damage leads to activation of PARP-1 and
PARP-2. PARP-1 deficiency doesn’t create any
problem in non-malignant cells though PARP-1
have an important role in SSBs repair.!%!%2 The
loss of PARP-1 guides DNA damage repair with
different pathways. Unrepaired SSBs convert into
DSBs which is repaired by HR in the presence of
BRCAT1 and BRCA2 is an error free pathway.!%-2!-23
PARP inhibition blocks the conversion of SSBs to
DSBs. PARP-1 inhibition blocks the repair of SSBs
but the repair of DSBs proceeds further.???3

Deficiency of BRCA functions forces cells to
repair DSBs via NHEJ or single strand annealing
sub pathway of HR but both mechanisms produce
errors. BRCA deficient cell either dies or produces
DNA mutations if it survives. Clinically, it has
been observed that BRCA deficiency increases the
risk of some cancers such as breast cancer and
ovarian cancer.’*?> It was also reported that the
clinical role of PARP inhibitors is not restricted
to BRCA deficient cancer but also in tumors oc-
cur due to dysfunction of HR pathway with less
toxicity.?* (Fig. 3)

ONGOING RESEARCH IN PARP INHIBITORS

The first identified PARP-1 inhibitor was based on a
composition of NAD" moiety. They were designed
structurally similar to the nicotinamide moiety.
5-methyl nicotinamide derivatives were developed as
competitive inhibitor of PARP. Similarly benzamide
derivatives were also synthesized but they show
weak inhibition.! With the help of X-ray crystal-
lography, the crystal structure of catalytic domain
of PARP with inhibitor is established.?® After this
new PARP inhibitors developed which have more
selectivity and potency towards PARP-1.27-?% The
structure activity relationship of various PARP
inhibitors is illustrated in Fig. 4.

Penning et al.?° have reported of a novel series
of cyclic amine-substituted benzimidazole analogs!
and developed SAR. They have found that intro-
duction of amine group at the second position in
benzimidazole improves potency. These compounds
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Figure 4. Structure activity model of PARP-1 inhibitors derived from the nicotinamide core structure.
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Figure 5. Examples of PARP inhibitors reported with good inhibitory activity.
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help to potentiate the efficacy of radiation therapy
and several cytotoxic agents like temozolomide
(TMZ) and cisplatin.

Zhu et al.3* reported novel quaternary methylene-
amino substituent at C-2 position of benzimidazole
moiety.” They found that introduction of quater-
nary methylene-amino substituent at C-2 position
improves aqueous solubility as well as potency.

A potent series of substituted 2-phenyl-2H-
indazole-7-carboxamides were evaluated as PARP
inhibitors. After an extensive study of SAR on
indazole scaffold and the pendant phenyl ring
compound?® was identified as potent PARP inhibitor
with IC,;= 4nM (nano molar).3!

Zhu et al.3? reported series of novel cyclic
amine-substituted imidazo[4,5-c]pyridine carbox-
amide analogs as potent PARP-1 inhibitors. They
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in Fig. 6. Details of some PARP inhibitors in clinical
trials and their toxicity profiles are given in Tables
1 and 2, respectively.

CONCLUSION

PARP is an emerging target for cancer therapy.
PARP inhibitors have shown promising results in
some cancer related to BRCA mutations as well as
mutations related to HR dysfunctions. Moreover
current clinical studies of PARP inhibitors show
common adverse effects and toxicity profile is
nearly similar to current chemotherapeutic agents.
However, clinical efficacy of PARP inhibitors need
to be check for long-term therapy before making it
a part of clinical practice. New strategies are being

Rucaparib

O

CEP-9722

Figure 6. Structures of PARP inhibitors in clinical trials.

found that combination of compound* with cis-
platin is effective at well tolerated doses when
administered orally.

Abdullah et al.?3 reported novel benzimidazole
derivatives as PARP-1 and dihydroorotate dehydro-
genase (DHODH) inhibitor. Amongst them some
derivatives had shown good potencies® (Fig. 5).

CURRENT PARP INHIBITORS IN CLINICAL
TRIALS

The structures of various PARP inhibitors are shown

developed to expand application of PARP inhibitors
which show more selectivity towards PARP with
more potency and lower toxicity.
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Mpouecc penapauun JHK npegocteperaet knetkn ot Bo3gencTtama OHK paspy-
LIAtoLLero areHTa pasHbiMu cnocobamu. bonbLIMHCTBO CNOCO60B Tepanuy NPOTUB
paka Bbi3biBatoT nospexaeHna [JHK, koTopble npuBoaaT K anonTo3y. Knetka o6-
najaeT ecTeCTBEHHOWM CNOCOOHOCTbIO BOCCTaHABNMBATb MOBPeEXAeHNA, KoTopas
NPMBOAUT K Pa3BUTMIO PE3NCTEHTHOCTU K NeKapCTBEHHbIM CcpeacTBam. Kniove-
BbIMU dpepmeHTamu B npouecce penapauun OHK asnatotca nonn (AQD-pnbo3sa)
(MAP) n nonn (AO®-pn603a) nonvmepasbl (MAPI/ PARP). OnyxoneBble KNeTKn
BOCCTaHaB/MBalOT CBOV AedeKTHbIN reH B pe3ynbraTte AedeKTHON roMONIOrMYHOMN
pekombuHauuu (MP) npw Hanuuum NAPIM dpepmenTa. MAPI MHIMGUTOPBLI NOAaBAA-
toT depmeHTHble nonun (AAD prnbo3a) nonmmepassl (MAPI), uTo B CBOK ouepeab
NPMBOAUT K ananto3y OMyxoNieBbiX KNeToK. TeKylne KNMHU4Yeckre nokasartenu
[T OCHOBaHMe cYnTaTh YTo , YTo Porsib MAPI MHIMOUTOPOB He OrpaHNYMBaETCA
B pamkax BRCA myTaumii, a OHU ABNAIOTCA OCTaTOUYHO SGPEKTUBHBIMU NPU OMy-
XonaAx, cBA3aHHbIX ¢ XP ancdyHKumen. B cBA3M C 3TM MOXHO yTBepXAaTb, UTO
nccnepnoBaHvie B AaHHOW 061acTu ABNAETCA UCKMIOUNTENBHO NePCNeKTUBHbIM AN1A
6ynyLiero neveHna paka. HactoAawmin 063op paccmatpusaert B feTanax MHbopma-
uuio o ponu MAPT npu penapaunn nospexaeHuii JHK, o ponu MAPI nHrnéuto-
POB 1 0 XUMWK HanUuHbIX MAPT nHrMbrTOPOB.
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