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Abstract Today, the number of cancer patients throughout
the world is increasing alarmingly and as per the World
Health Organisation (WHO) data and statistics the predic-
tion for the year 2020 will be 15 million new cases as
compared to only 10 million cases in year 2000 leaving us
dumbfounded. A lot of effort has been put in by researchers
and scientists over decades to find drugs helpful in the
treatment of cancers for the benefit of patients—The latest
being the Poly ADP-ribose polymerase (PARP) and the
Poly ADP-ribose glycohydrolase (PARG) inhibitors. This
review highlights their mechanism of action under the
rationale of their use and current development in the field of
cancer.

Keywords PARP- PARG - PARP inhibitors -
PARG inhibitors

Abbreviations
PARP Poly ADP ribose polymerase
PARG Poly ADP-ribose glycohydrolase

Introduction

Poly ADP-ribose polymerase (PARP) is an enzyme impor-
tant for genomic stability in our body; usually in a normal
cell it arrests cell death. In brief, it is a nick-sensor that
signals the presence of DNA damage and facilitates DNA
repair. The first PARP enzyme was discovered more than
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40 years ago by Chambon et al. [1] and it is the prototype
for a superfamily of 18 members [2] whereby only PARP-1
and PARP-2 are known to act in DNA damage [3]. It also
catalyses long branched homopolymers of ADP ribose e.g
PAR (poly ADP-ribose) from molecules of NAD+. The
above cellular suicidal mechanism has been reported in the
pathomechanism of stroke, shock, myocardial ischemia,
arthritis, colitis, traumatic central nervous system injuries,
allergic encephalomyelitis, diabetes and diabetes associated
with cardiovascular dysfunctions as well as other inflam-
matory processes. Another interesting feature is its involve-
ment in the regulation of several transcription factors like
Nuclear Factor Kappa-B in the expression of chemokines,
adhesion molecules, inflammatory cytokines and mediators
[4].

PARG (Poly ADP-ribose glycohydrolase) is the main
enzyme in catabolising PAR to ADP-ribose. To date, only
one single PARG gene has been detected in mammals [5]
encoding for 3 cDNAs which generates 3 isoforms namely
110 kDa, 102 kDa and 99 kDa [6], amongst which its major
form is 110 kDa. The latter has been localized to the
nucleus, the cytoplasm [7]; co-localised with cytochrome C
[8] and during mitosis has been identified in the spindle
body and centrosomes too [9]. However, human PARG
known as full length 111 kDa is confined to the nucleus due
to a NLS (nuclear localization signal) encoded by exonl
[10]. It has been found that PARG is not only expressed in
different subcellular compartments of the neuronal tissues
but also heart, testis and kidneys; mainly in their mito-
chondrial/cytosolic fraction [8]. Since, the poly ADP-
ribosylation of nuclear proteins is an ongoing process; so,
nuclear-cytosolic shuttling of PARG is constant and at the
same time, the endo-glycosylase activity of PARG which is
physiologically important continuously generates protein
free ADPr polymers that can interact with histones and
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other nuclear proteins useful in intracellular pathways [1].
PARG has proved itself in various post-traumatic inflam-
matory reactions, in mediation of oxidative and excitotoxic
neuronal death, intestinal injuries, stress challenges like
streptozotocin induced hyperglycemia and endotoxin in-
duced septic shock [5]. However, here we will mostly
discuss about PARP and PARG inhibitors in relation to
cancer.

Mechanism of Action of PARP and PARG in the Body
PARP Catabolism

Poly ADP-ribosylation is a dynamic process where poly
(ADP-ribose) polymer- PAR is rapidly degraded by PARG
and ADP ribosyl protein lyase [4]. The half-life of ADP-
ribose polymers estimated to be less than 1 min is due to
PARG that cleaves the ribose-ribose bonds [11, 12] of both
linear and branched portions of the polymer, specifically
the glycosidic and glycosidic linkages of pADPR [13] and
on the other hand, it is the ADP-ribosyl protein lyase which
removes the protein proximal to the ADP-ribose monomer
[11]. After the polymer is split and inactivated, there is the
release of PARP so that it can now bind to a new site of
DNA damage and the whole process starts over again.

In DNA Repair PARP and PARG go Hand in Hand

PARP has multiple intra-cellular functions such as: syn-
chronising repair enzymes, operating as a modulator of
BER capacity, recruiting repair enzymes at damaged sites,
signaling DNA damage, recognizing and binding to DNA
strand break generated by genotoxic agents (monofunc-
tional alkylating agents, oxygen radicals, and ionizing
radiation) [14]. Activation of PARP is one of the earliest
DNA damage responses amongst other DNA sensing
molecules such as DNA-PK, ATM and p53 which is a
tumor suppression protein activated after DNA damage;
closely related to PARP-1[15]. In the sense that, an absence
of PARP-1 leads to an accumulation of P53 which activates
specific DNA binding and favors transcriptional activity for
DNA damage.

DNA base excision repair (BER) constitutes a major
mechanism for genomic stability. It is well established that
BER is facilitated by poly ADP-ribosylation whereby, in
the ligation step PAR serves as a source of ATP.
Recombinant BER proteins including Pol, XXRCI, Lig
III, FEN1 and APE-1 show that both PAR and DNA
synthesis are enhanced due to lack of energy i.e ATP; hence
showing their importance in some pathological states [16].
On the other hand, it has been shown that deficiency of
several proteins (ATR, ATM, NBS1, CHK1 and CHK2) in
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the Homologous Recombination (HR) system useful in
DNA damage signaling, tend to increase cellular sensitivity
to PARP inhibitors therefore, demonstrating their respective
importance in the combat against cancer [17].

Moreover, PARG also plays an important and effective
role in DNA repair. It has been found to be re-localised at
sites of DNA breaks induced by UV-A laser micro-
irradiation in HeLa cells [9] and its interaction with
XRCC1, a DNA repair factor that is recruited during
DNA damage activates PARP-1.

Evidence shows that together, through a series of steps
both PARP and PARG repair DNA [1]. When PARP binds
to DNA strand breaks, it activates an enzyme causing
shuttling of PARP and subsequently, opening of the
chromatin. PARG enters nucleus, moves to the PARP
substrate and DNA strand breaks are repaired. Due to
excessive PARG, PAR decreases and thus, chromatin
adopts back its original structure.

Role of PARP and PARG in Cellular Death

Two main pathways of cell death related to PARP-1 are
apoptosis and necrosis. Apoptosis is an active process
requiring energy while necrosis is a passive process. DNA
damage causes an over activation of PARP which depletes
intracellular ATP irreversibly leading to necrotic cell death
rather than an apoptotic one. Therefore, PARP activation
seems to control the mode of cell death by influencing ATP
levels [18] but, several lines of study and research have
concluded that PARP-1 is dispensable for apoptosis [4].
During apoptosis, it is noted that both PARP and P53 are
released [19] along with the activation of a cascade of
cystein proteases called caspase. So, PARG and PARP
cleaved by caspase-3 during apoptosis suggest a primordial
function of PAR metabolism during cell death [20] unlike
in many neurodegenerative conditions [21] where there is
the release of apoptosis inducing factor (AIF) [11]. Poly
ADP-ribosylation has an important role in modulating
cellular responses in both mild and moderate stress
conditions but, in severe stress following acute injury or
ischemia, there is over activation of PARP-1 resulting in
abnormal PAR synthesis and subsequently widespread cell
death. Thus, PAR signaling regulated by either PARP-1 or
PARG is a mediator of cell death. Furthermore, it has been
noted that in glioma cells there are both pathways of cell
death as well as an indication for the existence of
intermediate forms of cell death [22]. A new function of
PARP-1 brought to light in cell death mediation is the
promotion of autophagy in oxidatively stressed cells [23].
PARP inhibitors are known to block necrotic cell death
but not apoptosis; like in Burkitt’s lymphoma [24],
endothelial cells [25] and LLC-PK1 renal epithelial cells
[26]. However, in ischemic-reperfusion models, PARP
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inhibitors have shown to preserve NAD+ and ATP through
activation of P13/Akt pathways leading to cytoprotective
effects in heart [27] by minimizing size of infarcts; in the
brain [28] during stroke by restoring mitochondrial respi-
ration; in vascular diseases by improving endothelial cell
functioning [29]; in hemorrhagic shock ameliorating liver
microcirculation [30], having neuroprotective effects on
NMDA induced retinal injury [31] and furthermore,
prevention of Type 1 diabetes in mice models has been
underlined [32]. PARP inhibitors reversing the mode of cell
death from necrosis to apoptosis have also been reported
[33] and hence, PARP inhibitors might be of therapeutic
use in the future in cases of inflammatory conditions,
stroke, cardiovascular insufficiency and other major
diseases.

While, PARG though having a low cellular abun-
dance, has a high sensitivity as its deficiency enhances
cellular death after genotoxic stress. Hydrolysis of PAR
by PARG has a protective role; as the accumulation of
PAR leads to apoptotic cell death [21]. Disruption of
PARG leading to peri-implantation lethality appears to be
mostly apoptotic in PARG null TS (embryonic tropho-
blastic stem cell) cells but however, non-apoptotic mech-
anisms cannot be ruled out [6]; in D. Melanogaster
inactivation of PARG resulted in severe PAR accumula-
tion in neuronal cells and consequently apoptotic lethality
at the larval stage [34] while in XRCC1 deficient cells, the
combined activities of PARP-1 and PARG led to non-
apoptotic cell death [35]. PARG down regulation does not
somehow interfere with the cascade of events leading to
apoptotic cell death but instead, it increases the threshold
activation of programmed cell death [10].

Action of PARP and PARG in Cell Proliferation
and Differentiation

Normal cells undergo a series of proliferative steps so that
they can acquire multiple functions and in the long run are
differentiated into specialized cells but, some cells like
lymphocytes, fibroblasts, and hepatocytes conserve their
ability to proliferate [4]. However, combined co-expression
of PARP-1, PARP-2 and PARG is known to favour normal
cell growth; like PARP-1 along with ATM has been shown
to be essential in early embryonic development [36].

The inactivation of PARP by chemicals or genetic
mutations slows down cell replication, proliferation, differ-
entiation; increases sister chromatid exchange (SCE);
micronuclei formation; chromosome instability and short-
ens telomeres [1, 37]. Chromosome associated proteins
[38], centromere proteins [39] and replication factors such
as DNA polymerase alpha, topoisomerase I, II and
proliferating nuclear antigen [4] implicated in cellular
differentiation in tumor genesis are usually poly ADP-

ribosylated [38]; hence, over expression of PAR promotes
cell cycle arrest in NB4 acute pro-myelocytic leukemia
cells [40], in acute myeloid leukemias [41] and down
modulation of PARP in human TUR leukemia cells [42],
trophoblastic cell differentiation [43] and mouse embryonal
stem cell differentiation in teratocarcinomas [44] also halts
cellular proliferation.

PARG has also been found to be necessary in cell
proliferation and differentiation. An arrest of the embryo-
logical development phase in PARG-/- embryos was due to
an increase in PAR which prevented cellular replication
characterized by unhatched blastocysts [6] and in C6
glioma tumor dividing cells there was a high PARG activity
therefore, lack of PARG could anticipate cell growth arrest
[45], showing that PARG protein deficiency may have a
crucial role in tumor treatment.

Regulation of Gene Expression

PARP transcriptional history began at the time when
Roeder and his collaborators [1] identified a factor TFIIC
which increased specificity of RNA polymerase II tran-
scription initiation and was later identified as PARP, which
has 2 main roles in transcriptional regulation; namely the
modification of histones and as a component enhancer in
regulatory complex mechanisms, both needed for gene
regulation in vivo [46]. PARP in reconstituted systems
eliminates any non- specific transcription resulting from
the presence of SSBs (Single Stranded Break) in the
transcription template without alteration of the specific
promoter driven transcription at least in vitro; hence, not
requiring enzymatic activation, as observed by Slattery et
al. [1]. PARP may play additional roles such as transcrip-
tional co-activator and enhancer when interacting with
transcription factors like activator protein-2 (AP-2) [1],
retinoic acid receptor (RAR) for Rarf3 gene [47],
[3-catenin/ TCF4 complex dependent transcription [48]
and in EWS (Ewing’s Sarcoma cells) transfected with ETS
1 antisense cDNA [49]. PARP-1 is known to maintain
basal expression levels and transcriptional regulation of a
wide variety of genes on a wide scale genome like in ES
(embryonic stem) cells, in livers of mice [50], in myeloid
differentiation [41] and human dendritic cell function [51].
Nevertheless, with transcriptional activator Spl, PARP-1
has had a dual regulatory function in gene expression [52]
whereas, PARP-1 together with P53 is known to maintain
genomic stability whereby mutation or inactivation of p53
gene has lead to soft tissue tumors (liposarcomas),
lymphomas, leukemias [53] and medulloblastomas in
mice [54]. Compiled evidence showed that PARP regu-
lated gene expression of several transcriptional factors
such as YY1 [55], Oct-1 [56], NF-kB [57], E47 [58] and
TEF-1 [59]. Besides, it appears possible that poly ADP-
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ribosylation can even regulate transcription during DNA
damage [60].

PARG being the main enzyme in PAR metabolism is
essential in gene expression. Whereby, poly ADP-
ribosylation is involved in chromosomal separation [9],
DNA processing, cellular defense mechanisms via tran-
scriptional regulation and PARG isoforms produced at
transcriptional level are either by alternative splicing or
promoter selection [61]. Lack of PARG activity led to
transcriptional dysregulation altering circadian periodic
length in Arabidopsis [6] and use of a PARG inhibitor
(gallotannin-GT) in A549 cells suppressed expressions of
cytokines and chemokines blocking the activation of
transcription factors NFgB and activator protein-1 (AP-1)
showing that GT has an impressive suppressive action in
inflammatory gene expression [62].

PARP-1 and PARG, even with opposing enzymatic
activities, can localize to target promoter sequences and
act in a similar way to regulate gene expression [63],
concluding that coordinated action of PARP and PARG is
required for proper cellular response and maintenance of
genomic stability [13, 64]. So, both selective inhibitors may
ultimately be used to improve cancer regression.

PARP and PARG in the Angiogenesis of Tumor Growth
and Metastasis

Tumor angiogenesis is the proliferation of new blood
vessels within the cancerous tissues, providing oxygen
and nutrients to the latter and this process is achieved upon
the signaling of certain genes in the host thus, making
proteins encourage new growth. It is an important point of
control in cancer progression and its inhibition is of
valuable approach in cancer therapy.

Among the main activators of angiogenesis are VEGF
(vascular endothelial growth factor) and bFGF (basic
fibroblast growth factor) released from tumor cells which
on encountering endothelial cells bind to their receptors,
activating a cascade and promoting new endothelial cell
growth. Usually, for tumors to increase in size and have
some metastatic potential there should be over-expression
of pro-angiogenic factors (i.e VEGF) allowing the angio-
genic switch; nevertheless, its inhibition leads to suppres-
sion of angiogenesis [65]. Thus, hampering of growth
factors VEGF and placental growth factor by PARP
inhibitor did have an anti-angiogenic effect in knockout
mice [66]. PARP inhibitor abolished VEGF-triggered
phosphorylation of ERK1/2 (Extracellular Signal Regulated
Kinase), p38, Akt, providing a molecular basis of its anti-
angiogenic effects [67]. Reduction of VEGF actions also
inhibited proliferation of human umbilical vein endothelial
cells (HUVEC) in vitro [68] and sprouting of aortic rings
[69] when, usually PARP is known to promote capillary
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morphogenesis in vitro and neovascularisation in vivo.
cDNA microarray analysis during skin carcinogenesis
showed that PARP-1 modulates expression of several genes
such as HIF-alpha, Pecam-1 and OPN important in
angiogenesis [11] and that inhibiting PARP-1 activity can
also attenuate certain pathologies associated with hepato-
cellular carcinoma, cervical cancer, non-Hodgkin’s lym-
phoma, CLL (chronic lymphocytic leukemia), adenomatous
polyps and colorectal carcinoma [70-74]. Recently, Gallo-
tannin used as PARG inhibitor in colorectal carcinoma
proved that PARP and PARG expressions associated with
VEGF and bFGF were lower in treated cells, so probably
preventing growth and metastasis [75].

PARP and PARG Inhibition

PARP inhibition is an important approach in sensitizing
cancer cells to both monotherapy or along with chemother-
apy and radiotherapy [14]. PARP inhibitors are lethal in
BRCA deficient cells due to persistence of DNA lesions
that would normally be repaired by BRCA mediated HR
pathways or in a BRCA dependent fashion [76]. Not only
BRCA1 or BRCA2 cells showed extreme sensitivity to
PARP inhibitors but also any disruption in the components
of the HR system (ATM, ATR, PTEN, Rad51 and others)
conferred selective PARP inhibitor sensitivity. This phe-
nomenon of synthetic lethality is the key to ongoing clinical
trials and it is supported by recent publications of Ash-
worths Laboratory on a siRNA screen which identified
genes for DNA repair and kinases extending the list of
enzymes showing synthetic lethality when applied with
PARP-1 inhibitors [77-79]. A highly specific clinical
treatment for the BRCA deficient tumor cells could be
delineated on PARP-1 pathway becoming essential in HR
deficient cells [80] or in pathways lacking HR proteins [17]
and so further studies are to be encouraged in this line.
Carriers of heterozygous mutations in BRCA1 or BRCA2
[11] are strongly predisposed to both breast and ovarian
cancers [81]; observations suggest that PARP inhibitors
might be an effective monotherapy in these cancers. In non-
neoplastic BRCA2 deficient cells in heterozygous females
and in post operative patients in whom BRCA2 deficiency
has led to the spread of the tumor, PARP inhibitors could be
considered to be a potent prophylactic treatment. As
clinically speaking, it is not the potency of a drug that is
most important but its efficacy [82]. Some studies have
indicated that mouse BRCAIl—/—mammary cancer cells
showed only mild specificity while, on the other hand,
PARP inhibitors seem to uniformly inhibit the growth of
human breast cell lines regardless of the BRCA1 genotype
[82]. Since BRCA associated tumor genesis constitute of a
stage of sensitivity to PARP inhibition followed by a stage
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of insensitivity, strategic therapies for hereditary breast
cancer with mutant cells relies strongly on their suscepti-
bility to the PARP inhibitors [83].

Now, concerning the role of PARP inhibition involved in
the potentiation of radiation (e.g ionizing radiation) and
cytotoxic chemotherapeutic agents such as DNA alkylating
agents (temezolomide and cyclophosphamide); platinium
analogues (cisplatin, carboplatin and oxaliplatin); and top-
oisomerase I poisons (irinotecan and 9-topotecan) [2, 84].
The main difference is that cells that are exposed to
ionizing radiation lead to a hydroxyl radical-mediated
DNA injury whereas alkylating agents directly damage
DNA [4]. In radiosensitisation of PARP inhibitors only
certain cell cycles for example S and G2 phase are affected
[11, 85]. Inhibition of SSBs (Single Strand Break) repair
resulted in radiosensitization of cells and an accumulation
of SSBs led to conversion of DSB (Double Strand Break)
during the S phase hence, increasing levels of DSBs
correlating to higher levels of cytotoxicity [85]. The
following is supported by cells with dysfunctional BRCA2
that are characterized by an increased sensitivity to
y-irradiation or DNA damaging agents because of the
absence of error free DSB repair mechanisms [76]. PARP
importance in cytotoxic response to alkylating agents [15]
has been highlighted by PARP-1 deficient cells which led to
an increase accumulation and activation of P53 known to
down regulate both spontaneous and DSB induced HR for
suppression of tumor genesis [86]. In brief, studies have
proved that PARP inhibition potentiates the cytotoxicity of
anti-cancer drugs and ionising radiation.

PARG inhibition could also be one of the pathways
selected for cancer management due to its increase
sensitivity to both radio and chemotherapy. Deficiency of
full length isoform PARG enhanced cytotoxic sensitivity
induced by MNNG, Menadione in PARG-/- cells [6], MMS
and <y-irradiation in PARG-/- ES cells and augmented
sensitivity of mice to DNA damaging agents [7]. PARG
inhibition also led to a down-regulation of cellular adhesion
molecules (CAM) expressions, such as ICAM-1, P-selectin,
VCAM-1 which play a role in inflammatory processes [87]
and knockout PARG led to neuronal death in Drosophilia
M [34]. PARG inhibition was found to suppress the
expressions of both PARG and PARP [13].

PARP and PARG Inhibitors- The Saga

First generation of PARP inhibitors were identified 30 years
ago, these included nicotinamide, benzamide, and
3-aminobenzamide (3-AB) [87], 5-Aminoisoquinolinone
(5-AIQ) were shown to be competitive inhibitors of PARP.
Initially they lacked both specificity and potency but, a
second generation was developed in the 1990s, producing

170 specific inhibitors. All were classified as analogues of
benzamide and acted in the reaction between PARP and
NAD+ [88]. A third generation of inhibitors; benzamida-
zoles, were discovered later which resolved many mysteries
around the inhibition of PARP and its activity. Among them
was AG014699, an important inhibitor currently being used
in clinical trials [14]. Nowadays, various pharmaceutical
laboratories have put some forward, including libraries of
benzimidazoles (Abbott), pthalazinones (Kudos), ideno[l,
2-clisoquinolinones (Inotek), and tricyclic indoles (Pfizer).

PARG inhibitors have not been so well developed as
compared to PARP inhibitors. Amongst which we have
Nobotanin-B [6], adenosine diphosphate hydroxymethyl
pyrrolidinediol (ADP-HPD) as well as its permeable
derivative known as 8-octylamino ADP-HPD. GPI 18214,
a PARG inhibitor was used in septic shock treatment in
mice [89], Gallotannin a complex mixture of hydrolysable
tannins from oak gall was used as PARG inhibitor,
Pargamicin was also studied [90] and others include
Mono- galloyl glucose derivatives were found to be potent
inhibitors [91]. All PARP and PARG inhibitors have
different chemical structures, bioavailabilities and tend to
have a short half-life; so, frequent doses are required to
achieve their targets in the human body.

PARP and PARG Inhibitors in Experimental Trials

Many studies and researches have been carried out using
various cell lines in order to support the fact that PARP
and PARG inhibitors do play an important and funda-
mental role in the inhibition and treatment of cancers.
The generation and characterization of PARP and PARG
deficient mouse models have been instrumental in
defining the biological role of the molecules and their
involvement in the pathogenesis of various diseases.
Experimental trials show a much better understanding
and their applications in clinical settings are carved out
for the future.

Breast cancer—being amongst the most common can-
cers in females can either be hereditary or sporadic [92]
with high levels of metastasis. Mutations in breast cancer
susceptibility genes BRCA1 and BRCA2 are responsible
for the majority of hereditary breast cancers; however
associated mutations with BRCA1 have been identified as
50% being familial breast cancer and 90% are familial
breast and ovarian cancers. Trials on human mammary
tumor cells (4 cell lines were used) using 3 PARP
inhibitiors- NU1025, AG14361, and 3 AB showed that
they inhibit growth of cells irrespective of their BRCAL1
genotypes and have important clinical significance in
treatment [93]. A more potent PARP inhibitor used in the
investigation cell line of p53-deficient breast cancer cells
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was ANI (4-amino-1, 8-naphthalimide) whereby, usually
these cells showed resistance to chemotherapeutic agent
doxorubicin (antitumor anthracycline antibiotic) drug but
together with ANI, they potentiated drug induced cell death
in tumor cells categorizing it as a chemo and radio
potentiator [94]. It is considered to be a great step in the
field of breast cancer treatment as it involves both
chemotherapy and radiotherapy. Further, promising studies
showed that BRCA associated breast and ovarian cancers as
well as triple negative breast cancers (accounting for 15%
of breast cancers) showed sensitivity to PARP inhibitor-
AZD2281 alone as well as its association with platinium
drugs [95]. On the other hand, BRCA?2 deficient mammary
tumor cell lines were also strongly inhibited to growth with
AZD2281 or in synergistic action with Cisplatin, showing
an ideal way for treatment of cancer in the form of
monotherapy and combined therapy.

Lung Cancer—is the leading cause of cancer deaths in
the world [96]. ABT-888 is a PARP inhibitor which has
been widely used in studies concerning lung cancers, skin
cancers and brain tumors. H460 lung cancerous cells
showed a radiosensitizing effect with ABT-888 which
caused tumor growth delay and increased apoptosis.
Hence, ABT-888 and radiotherapy proved to be an
important line of treatment in non-small cell lung cancer
[97].

Colon Carcinoma—Human Colo 829 cell lines showed
decrease PAR levels with a single dose of ABT-888,
impressively relating the significance of monotherapy [98].
ABT-888 also potentiated radiation in HCT-116 colon
carcinoma model [99] while, potent non- toxic PARP
inhibitors used in LoVo human colon carcinoma cells showed
excellent chemopotentiation for relevant anti tumor therapies
[100]. Another PARP inhibitor, 5-Aminoisoquinolinone
(5-AIQ) was found to prevent adhesion of HT-29 colonic
cells to HUVEC [101] and in CT26 mouse adenocarcinoma
cells it inhibited proliferation, migration of tumor cells, down-
regulated NF-¢B as well as its expression genes in metastasis
such as integrinf1, MMP-2 and MMP-9 thus, putting
forward its use in clinical trials [102]. Gallotannin (PARG
inhibitor) used in CT26 colon carcinoma cell lines was found
to suppress tumor growth factors [75].

Melanoma—is a common cancer affecting a great number
of people with a high incidence of distant metastasis. The
potentiation of TMZ (a methylating agent) by ABT-888 [85]
and melanoma cell lines susceptible to TMZ by PARP
inhibitor 3AB had a better antitumor activity against
metastatic melanoma and other incurable forms of cancer.
This combination is really effective as it is neither sensitive
to differences in the tumor repair capacities nor to tumor
growth rates [103]. Even monotherapy with ABT-888 was
appreciated in human melanoma cell lines A375 [98].
GP15427 a novel PARP-1 inhibitor which has the ability to
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cross blood brain barrier (BBB) was used in malignant
melanoma which has serious brain involvement. It has been
shown that the combination of the inhibitor and TMZ
decreased tumor growth; minimised melanoma cells infiltra-
tion in the brain tissues and lowered incidence of pulmonary
metastasis as compared to TMZ used alone and survival rate
was prolonged in lymphoma cases [104]. However, only few
PARG inhibitors have been put to experimental trials
amongst them is (a PARG inhibitor N-bis-(3-phenyl-propyl)
9-oxo-fluorene-2, 7-diamide also called GPI 16552) used in
relation to malignant melanoma. Its combination with TMZ
in B16 melanoma cell line showed that there was a reduction
in tumor growth, poor extracellular matrix infiltration,
minimal lung metastasis and mice which had intracranial
lesions had a longer life span; so improving morbidity and
mortality rates. Here, PARG inhibition has proved itself in
the domain of local infiltration and metastasis of tumor in an
experimental model [105].

Glioblastoma Multiforme (GBM)—is the commonest
primary brain tumor difficult to achieve a certain treatment.
TMZ and ABT-888 combination crossed BBB thus,
causing shrinkage of the tumor up to 67% and hence, has
a favorable outcome for treatment of intracranial tumors
[85]. TMZ and GP15427 in GBM was noticed to have only
relative tumor infiltration in the ventricles as compared to
single used models, showing that combination therapy is far
more relevant [104]. Hsp90-Heat Shock Protein (17-AAG)
enhanced radio-sensitisation of AZD2281 in HR deficient
cells showed importance of combination therapy in man-
agement of GBM [106].

Others—NU1025 enhanced cytotoxicity of DNA meth-
ylating agents and ionizing radiation by inhibiting DNA
repair and further showed that PARP inhibitors may be
potentially useful in combination with topoisomerase I
inhibitor in anticancer chemotherapy [84]. AG14361
another small molecule of PARP inhibitor also showed
promises in preclinical models [97]. Somehow, more study
trials are to be forecasted for PARG inhibitors. Many
experimental models have shown that both PARP and
PARG inhibitors do have reliable pharmacological targets
for effective therapy in patients.

PARP Inhibitors in Clinical Oncology Trials

In 2009, the American Society of Clinical Oncology
(ASCO) meeting held in Orlando presented two surprise
compounds namely PARP inhibitors Olaparib (Astra-
Zeneca) and BSI-201(BiPar/Sanofi Aventis). Other PARP
inhibitors involved in clinical trials for breast cancer
(including triple negative breast cancer), ovarian cancer,
prostate cancer, lung cancer, melanomas, gliomas and
pancreatic tumor are currently on the run.
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Several trials which have already been done include:

The first PARP inhibitor used in human trial was AG-
014699 (Pfizer). A Phase 1 study of the PARP inhibitor
AG-014699, in combination with TMZ in patients with
advanced solid tumors was carried out. Part 1 was opened
to patients of all tumor types. Clinical benefit was observed
in both parts 1 and 2. There was one complete and one
partial response in patients with metastatic melanoma,
another partial response in patient with desmoid tumor
and prolonged disease stabilization for > 6 months was
observed in 7 more patients. A first and final report of a
phase II study of the PARP inhibitor; AG14699, in
combination with TMZ in patients with metastatic malig-
nant melanoma showed that 17% of patients had partial
progression and 17% more had disease stabilization for >
6 months [14].

The inhibition of PARP in tumors in BRCA mutant
carriers was a phase 1 trial, whereby there was the use of
AZD2281 (Olaparib) as monotherapy, evaluated in United
Kingdom and the Netherlands. 23 patients who had BRCA
mutation were treated and clinical benefit was achieved in
63% of patients [107]. In phase II clinical trial in BRCA
deficient advanced ovarian cancer it appeared that there
was a higher response rate in platinium resistant patients
as compared to phase I trials which were beneficial for
BRCA patients with EOC (Epithelial Ovarian Cancers)
[108].

The first ABT-888 (Abbott) human study was in
advanced malignancies or hematological cancers; the first
phase 0 within 5 months rapidly lead to a phase 1 trial
where there was the combination of ABT-888 along with
DNA damaging agents. A phase I trial with TMZ in non-
hematological malignancies and metastatic melanomas has
been completed.

INO-1001 (from Inotek) along with TMZ in unresectable
stage 3 / 4 melanoma reported one patient to have tumor
regression. Tolerated or no side effects have been reported
in both experimental and clinical studies [11]. Phase II
clinical trial including either monotherapy or combination
therapy is being carried out in patients with metastatic
melanoma.

BSI-201 in Phase I study; out of 24 patients, 6 had
disease stabilisation for >2 months and 1 patient had for >
9 months. Currently, a phase II monotherapy trial in triple
negative metastatic breast cancer, BRCA deficiency in
advanced ovarian, fallopian tube and peritoneal cancers as
well as a phase II trial with Gemcitabine and Carboplatin
on metastatic breast cancer is being carried out.

Phase I studies of MK4827 (From Merck) and CEP-
9722 (From Cephalon) as monotherapy in advanced solid
tumors are currently recruiting participants

Some further studies recruiting participants for study
trials are:- (i) The study of BSI-201 in patients with newly

diagnosed malignant glioma phase I/phase II, (ii) Phase III
trials in untreated squamous cell lung cancer patients with
or without BSI-201, (iii) a phase II study with BSI-201 in
ovarian tumors previously treated with chemotherapy and
in platinium resistant recurrent ovarian cancers and a phase
II trial combination of BSI-201 with standard chemotherapy
in triple negative breast cancers, (iv) phase 1 study with
AZD2281 and Carboplatin in hereditary breast cancers,
metastatic breast cancers and ovarian tumors, (v) treatment
of triple negative metastatic breast cancer and advanced
ovarian cancer AZD2281 together with Carboplatin and
Paclitaxel is on the run as phase 1 trial, (vi) a phase II trial
Olaparib with Paclitaxel in recurrent and metastatic gastric
carcinomas and in previously treated stage 4 colorectal
carcinomas with Opalarib (vii) phase II study comparing
combination of Olaparib with Paclitaxel and Carboplatin
and Paclitaxel with Carboplatin alone in advanced ovarian
cancer, (viii) Olaparib in confirmed hereditary breast cancer
phase II trial, (ix) a phase I study ABT-888 with
Carboplatin in advanced solid tumors and ABT-888 with
TMZ in colorectal carcinoma, (x) ABT-888 with Topotecan
in refractory solid tumors and lymphomas in phase I and
phase II in patients with ovarian cancer and primary
peritoneal cancers, (xi) a phase II trial using AG014699
in treating patients with locally advanced or metastatic
breast cancer or advanced ovarian cancer, (xii) phase I
study of PARP inhibitor (PF-01367338) with several
chemotherapeutic regimens in advanced solid tumors.
(www.clinicaltrials.gov)

Yet, no such concrete use of PARG inhibitors have been
put to clinical oncology trials; but, encouragement is there
to bring them forward in clinical studies. Besides, some
tests and biomarkers have already been developed to study
the activity for therapeutic applications of these inhibitors
molecules. Hopefully, we expect the trials to go on and
bring more fruitful outcomes.

Conclusion

Researchers and pharmaceutical companies are eager to
continue both experimental and clinical trials since both
PARP and PARG inhibitors sensitivity and specificity have
been delineated as well as their radio and chemotherapeutic
potentiating effects or use along with the combination of
other drugs. Their introduction in clinical trials is new hope
for cancer patients. Further encouragement is there in for
the study of these inhibitory molecules so as to achieve our
targets in the treatment of cancers.
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