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Abstract

Treating breast carcinoma gets tedious due to its invasive molecular subtypes and their various
molecular genotypes. Depending upon genotype and phenotype of breast tumor types, they
manipulate their survival arms in the form of DNA repair protein player including base excision
repair (BER) pathway. Currently, avenues to treat breast cancer ate genotoxic drugs inflicting inter
and intra-strand cross links, base modification and changes in the genome combined with inhibitors
of BER pathway. This review summarizes the updated information on the relevance of BER
response in breast carcinoma phenotypes and their potential therapeutic interference in the last

decade.

Key words: Base excision repair, Breast carcinoma, Chemotherapy, DNA damage response, Genotoxic Drug,

Genomic instability, Radiation therapy

Introduction

Breast carcinoma, a heterogeneous cancer is
caused due to various entities comprising genotype,
functionality, reproductive, environmental and
lifestyle. The clinical behavioral changes of the breast
carcinoma cell types arise from the change in their
genetic aberrations, epigenetic modifications and
transcriptional regulation [1-6]. In growing evidences,
breast carcinoma and other types of cancer are linked
with the swinging balance between DNA damage
build up and DNA repair failure. The DNA repair
umbrella in breast cancer involves several molecular
players and their set basic signal transduction
pathway [4-6]. These set of DNA damage response
players are often found to act as tumor suppressor
and hyperactive repair systems to confer survival
advantage to breast cancer against genomic insults

[7].

Currently, the problem in genotoxic and
radiation therapy responsiveness and resistance in
breast carcinoma is highly witnessed. One of the
plausible mechanisms behind above caveats is the role
of abnormal and compensatory DNA repair among
genotypically different breast carcinoma cells [8-12].
Chemotherapy and radiotherapy are widely opted
mode of treatment for breast carcinoma but they do
have setbacks [10, 11, 13, 14]. Genetic materials of the
normal and breast carcinoma cells encode for purpose
of multiplying and proper incorporation of functional
proteins in development, proliferation and external
insults survival. Besides outside genomic insults,
replication and inherent process lead to many
unintentional and unavoidable changes including
incorrect nucleotide base incorporation or deletion,
breakage of DNA strand and chemical modifications
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[10-12, 14-16]. There are growing thoughts that both
normal and carcinoma cells instigate strategies to
thwart such unfavorable genomic instability. These
changes in the genetic material viciously play a role in
wake up and surveillance in normal and breast
carcinoma cells. Both type of cells work with
programmed rules to check such modifications and
damages by repair or removal process [10, 11, 17].
DNA repair machinery is an in-built weapon of the
cell to maintain the genome integrity by repairing the
damage, inducing apoptosis and leading to arrest in
cell cycle [10, 11, 14, 17-20]. DNA damages are found
due to many extracellular and intracellular chemical
factors like free reactive oxygen species, base
hydrolyzing agents or by exposure of cells to harmful
rays. Rigorous accumulation of such mutations
caused by DNA damage plays a role in cancer
progression [10, 11, 14, 21, 22]. Several
inhibitors/drugs/interference approaches are
considered to target specific repair proteins of DNA
repair pathways such as BER, nucleotide excision
repair (NER), homologous recombination (HR) and
non-homologous end joining (NHE]) pathways in
breast carcinoma [17,18,23,24]. In this review, the
authors attempt to encapsulate status on promising
potential of combinatorial therapy of
chemo/radiotherapy and specific BER protein
inhibitors in the last five years related to breast
carcinoma.

DNA Repair Response and Breast
Carcinoma Phenotypes

Breast carcinoma is classified as complex and
heterogeneous disease [25]. Despite limitless efforts to
combat breast carcinoma, there are rise of incidences
in the past few years. The rising statistics of breast
carcinoma among women are due to various factors
like mutations, genetic factors, hormone imbalance,
pregnancy in later age and late menopause [1-4, 6,
25-27]. The breast cancer phenotypes are mainly
classified clinically. However, to emphasize the
classification based upon the DNA damage repair
genomic and proteomics look promising for future
individualized therapy [26]. In recent, several studies
are reported about breast cancers and neoplasms
linked to DNA damage repair defects, cell-cycle
checkpoints alterations and strategies to thwart
genomic attack. It is widely viewed that modulation
of DNA damage response pathways is commonly
accepted strategies by most of breast cancer
phenotypes [1, 6, 28].

The breast cancer is commonly classified
according to hormone receptor (in particular estrogen
and progesterone receptors) and epidermal growth

factor receptor ErbB2/HER?2 presence [1, 6, 26, 27].
According to this classification, breast carcinoma is
named as hormone receptor positive; hormone
receptor negative with HER2 over-expression; triple
negative breast cancer which does not express any of
the three receptors. Triple-negative breast cancers
often contain inactivation of the DNA repair gene
BRCA1 [29]. According to survey data, 30% of breast
cancers are supposed to have some degree of BRCA1
inactivation, where triple-negative breast cancers are
often detected with BRCA1 inactivation. It is accepted
that hormone receptor positive cancers are preferably
treated with hormone modulators drugs, radiation
therapy and surgery. But, discernible bottleneck is the
less response towards genomic insults due to the
acquired survival strategy by breast carcinoma [1, 3,
25]. Specifically, triple-negative breast cancers (TNBC)
referred as hormone receptor negative (hormone
insensitive) and HER-2 negative display inactivation
of BRCA1 and DNA repair defects [4, 25, 26, 27].
Besides tumor grade, molecular subtypes are
preferentially used in the research settings, where
Luminal A is classified as ER-positive and/or
PR-positive, HER2-negative with Low Ki67. Another
breast carcinoma molecular subtype is referred as
Luminal B defined by ER-positive and/or
PR-positive, HER2-positive (or HER2-negative with
high Ki67) with prevalence around 10-20%. Another
molecular subtype as Triple negative/basal-like is
noted as ER-negative/PR-negative/HER2-negative
with prevalence of around 15-20% [1, 3, 4, 6, 25-27].
Besides another molecular subtype as HER2posses
ER-negative/PR-negative/ HER2-positive characteris-
tics with prevalence of 5-15%.

Several subtypes of breast cancer are recognized
for their abnormalities in DNA damage repair and
BRCAT1 inactivation through mutation or epigenetic
modification. Breast cancer phenotypes are broadly
classified as inherited vs sporadic in nature. The
genetic contributions to breast cancer are elucidated
as presence of several autosomal dominant cancer
syndromes mostly with highly penetrant germline
mutations in BRCA1 and BRCAZ2 [4, 6, 26, 27]. Breast
cancers around 5-10% are classified as hereditary
breast carcinoma and known gene players such as
BRCA1, BRCA2, CHEK2, BRIP1, RAD51 and ATM
linked with breast cancers with moderate penetrance
[6, 30]. Among the DNA repair response players,
BRCA1 and BRCA2 are key players in homologous
recombination type of error-free repair system. The
BRCA1 and BRCA2 are known for their role in
transcription, double  strand break repair,
recombination, tumor suppressor and maintenance of
genomic stability [31]. In past decade, findings
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support that breast cancer due to germ line mutation
in BRCA1 and BRCA2 genes display distinct
morphology, immunophenotype and molecular
characteristics from age-matched sporadic breast
cancer cases [1, 3, 4, 6, 25, 26, 27].

BRCA1-associated cancers are often regarded as
ER negative and triple negative (ER-, PgR—, HER2-).
At the same time, a high proportion shows a ‘basal’
phenotype. The BRCA1l-associated carcinomas are
associated with the cell cycle proteins such as E2F6,
cyclins A and SKP2 [31, 32]. The BRCA2 associated
tumors are documented to show higher expression of
the cell cycle proteins such as cyclin D1, cyclin D3,
p27, pl6, p21, CDK4, CDK2 and CDK1 [6,26,27]. The
BRCAT1 gene is associated with DNA repair, cell-cycle
regulation, transcriptional regulation and epigenetic
chromatin remodeling. On the other side, BRCA2
gene is devoted to DNA recombination and repair
processes [1, 3, 6, 25, 26, 27]. It is documented that
BRCA1 or BRCA2 loss result into lack of DNA
double-strand breaks repair by the error-free
mechanism of homologous recombination (HR). The
deficiency in HR repair ensue compensatory and
alternative error-prone, and potentially mutagenic,
repair of DNA lesions by mechanisms such as
non-homologous end joining and single-strand
annealing [6, 26, 27].

The most common demarcation of breast cancer
is based upon inherited susceptibility to breast cancer
vs sporadic occurrences. It is widely accepted that
genetic alterations increase susceptibility due to
inherited heterozygous gene defect in BRCA1, TP53
and PTEN [1, 3, 25]. The supporting evidences
substantiate that gene factors such as tumor
suppressor genes associated with genome fidelity as
BRCA1 (DNA damage repair), TP53 (cell cycle
checkpoint) and PTEN (blockage of cell-cycle
progression in G1 and participation in DNA repair).
According to literature, 5%-10% of breast cancer cases
are originated due to germ-line mutations, but similar
genetic abnormalities observed in individuals without
genetic pre-dispositions [1, 3, 4, 6, 25, 26, 27]. There is
clear view that presence of an acquired mutation or
epigenetic inactivation occurs in case of sporadic
breast cancer comprises of key genes involved in
DNA damage repair process.

Hereditary breast cancers are considered as a
part of several cancer syndromes encompassing the
Li-Fraumeni syndrome (TP53) [33] and Cowden's
syndrome (PTEN) caused by high-penetrant genes.
The hereditary breast cancer represents small
contribution to familial breast cancer. The reason
behind the manipulation and subversion of DNA
repair response on breast carcinoma is explored in the

perspectives of hormonal signaling. There are sound
evidences that certain steroid hormones alter the
double strand break repair mediated by BRCA1 in
case of hereditary type of breast cancer [34]. In BRCA1
and BRCA2 mutation associated cancer,
overexpression of HER2 is seldom. Conversely,
BRCA1 tumors frequently show mutations in TP53.
Such observations are not featured in BRCA2 cancers.
Based on the previous genetic and pathological study,
BRCA1-associated breast cancers are more likely to be
estrogen (ER) and progesterone receptor (PgR)
negative (~90%) matched with sporadic breast cancers
(~30%). In contrast, the occurrence of ER and PgR for
BRCA2- and BRCAX-associated cancers is not
considerably different to sporadic cancers [1, 3, 6, 34].

By subverting HR based repair system, base
excision and single-strand break repair system get
started and help breast carcinoma to survive and
elude external genotoxic threats. Therefore, there are
perceptions and attempts made to impede these
pathways in breast carcinoma types harboring BRCA
mutation to produce loss of the repair mechanisms
leading to cell death [1, 3, 25]. TNBC breast cancers
tend to be sensitive to traditional chemotherapeutic
agents and response may be due to their aberrant
DNA damage responses generating massive
spontaneous DNA damage and causing catastrophic
chromosomal abnormalities in cancer cells with
defective repair genes such as BRCA1 [4, 6, 25, 26, 27].
The normal and cancer cells employ defined pool
DNA repair pathways specific for plethora of DNA
lesions  using  dedicated and  specialized
proteins/enzymes. = However,  questions  are
interrogated to know the DNA repair response
difference between hereditary and sporadic breast
cancer. It is conceived that differential expression in
hereditary breast cancer for DNA repair proteins as
poly ADP-ribose polymerase (PARP) 1 (non-cleaved),
BARD1 and RAD51 compared to sporadic breast
cancer. DNA repair markers show differential
expression in BRCA-mutated tumors with a
substantial degree of disruption of DNA repair
pathways in sporadic breast cancer [27].

BER and Their Molecular Actors

The DNA damage repair machinery of the both
normal as well as breast carcinoma is responsible for
maintenance of the genome integrity and stability
along with needed manipulations during the state
genomic insults imposed from outside [12, 14, 19]. The
well-crafted DNA damage repair machinery inside
the cell is tightly regulated and according the division
of work inside the cellular periphery, a specific family
of repair team agent is recruited when particular
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lesion is sensed. Onset of carcinoma changes the DNA
damage response which can be the cause of enhanced
genotoxic stress which can be considered as targeted
therapeutic agents [34].

Normal and carcinoma cells utilize complex and
well-regulated DNA damage response (DDR)
pathways to protect genome from DNA damage
induced by DNA replication, cellular metabolism and
exogenous genomic insults. The repair pathways
comprise several well-connected pathways to repair
single-strand breaks (SSBs) through BER, DNA
double strand break (DSBs) by means of either
homologous recombination (HR) or non-homologous
end-joining (NHE]), bulky DNA adducts via
nucleotide excision repair (NER) and
mismatches/insertions-deletions via mismatch repair
(MMR) [8, 35, 36, 37, 38]. Alterations in the DDR
machinery increase cancer susceptibility by creating
potentially transforming mutations, cell death.
Understanding about DDR  contribution to
carcinogenesis and pinpointing for therapeutic benefit
is highly warranted.

The DNA continuously gets damaged due to
endogenous and exogenous damaging agents. The
BER protects the genome of the organism from
various DNA damages caused by oxidation,
alkylation and deamination [39]. BER system is a
highly conserved system employed from bacteria to
humans responsible for the removal of a large number
of endogenous DNA damages which include
deamination, depurination and alkylation [39]. There
is unequivocal understating that any defect in BER
pathway may ultimately lead to cancer. On other face,
manipulation or alterations to BER mechanisms may
prove to act as tools to survive during genotoxic
threat.

The BER pathway is a complex interplay of
many enzymes. The detailed schematic representation
is given in Figure 1 [40, 41, 42]. The first enzyme in
BER pathway is the DNA glycosylase and specific for
different types of DNA damage [41]. Different lesions
are treated by lesion specific DNA glycosylases.
Presently, eleven different DNA glycosylases are
known. The major role of these glycosylases is to
excise the bond between deoxyribose and incorrectly
placed nitrogenous base creating apurinic or
apyridiminic site [42]. The mode of action of DNA
glycosylases are monofunctional or bifunctional. The
monofunctional glycosylases use water as nucleophile
to remove the damaged base whereas later uses amine
moiety for nucleophilic attack. The monofunctional
glycosylases is a Uracil DNA Glycosylase (UDG)
superfamily which has further four lesion specific
DNA glycosylases like uracil DNA N-glycosylase

(UNG), thymine DNA glycosylase (TDG),
single-strand-selective mono-functional uracil-DNA
glycosylase 1 (SMUG1) and methyl-CpG-binding
domain 4 (MBD4). The DNA duplex due to reactive
oxygen species is acted by DNA glycosylases as MutY
homolog (MYH), 8-oxoguanine glycosylase 1 (OGG1),
endonuclease three homolog 1 (NTH1) and Nei
endonuclease VIII-like 1, 2, and 3 (NEIL1, NEIL2, and
NEIL3) [41]. BER is an evolutionary conserved
process to maintain the genomic integrity by removal
of damage bases generated by genotoxicants.

Next, AP Endonucleases are the next enzyme
carrying the in BER pathway. The enzyme APE1 is
described as the major AP-endonuclease in
mammalian cells and essential for the survival [41].
The role of this enzyme is to generate the 5-sugar
phosphate group (dRP) and 3’-OH ends by incising
the phosphodiester bond of DNA in the presence of
Mg?* ions [41,43]. The major class of AP endonuclease
is APE 1 and referred as HAP 1 and Alex [42]. The
APE 1 do not only functions for endonuclease activity
but also it serves redox functions for activation of
several transcription factors. Other than these
functions, it possess proof reading role and catalyzes
the removal of 3’-blocking agents generated by
bifunctional DNA glycosylases [41].Several studies
are linked with the differential expression profiles of
BER enzymes such as (redox factor 1/apurinic
apyrimidinic endonuclease 1 (REF1/APEX1), NTH
endonuclease Ill-like 1 (NTHL1), 8-oxoguanine DNA
glycosylase (OGG1), PARP-1 and scaffold protein
XRCC1 (X-ray repair complementing defective repair
in Chinese hamster cells 1) in familial and sporadic
breast cancer. Based on expression study, there are
reports on the upregulation of APEX1/REF1 in
familial BRCA-wild-type and sporadic breast cancer
cases indicating potential therapeutic role.

The process of repair is further followed by DNA
polymerase and DNA ligase (for nick sealing) [40].
DNA Polymerases are defined as essential part of BER
pathway to lyse the blocking 5'- dRP site and further
synthesizes the new nucleotides at 3" end of the nick
[44]. DNA polymerase P is noted as the major
polymerase type in BER. This enzyme is reported to
contain two catalytic domains: one is N terminal
domain for 5 dRP lyase and C- terminal as DNA
binding domain [45]. The BER Pathway are
mentioned as two types as nucleotides added to the
abasic site i.e. short patch repair pathway (addition of
1-2 nucleotides) and long patch repair pathway
(addition of 2-8 nucleotides) [44,46]. During BER
pathway, different polymerases are used for both
pathways. DNA polymerase B is used in short patch
repair pathway. But in long path BER, 5-dRP is
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resistant to cleavage by pol p. Therefore, switch from
pol B to pol 6/¢ takes place. But first nucleotide is
synthesized by pol P. Then, 2-8 nucleotides are
synthesized by pol 8/¢ thereby generating a flap like
structure which is removed by FEN 1 [45]. Other than
these DNA polymerases, there is report on another
polymerase as pol A which plays backup role in BER.
It is 32% homologous to pol p and plays role in
repairing oxidative lesions and intrinsic 5’- dRP lyase
activity [47].

After the synthesis of new nucleotides, DNA
ligases perform the sealing process. DNA ligase
encoded by gene LIG 3 generates a covalent
phosphodiester bond between 3’- OH and 5 -POs
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explain their tetrameric quaternary complex. It is also
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some N-terminal linker region [48]. Casein kinase 2
(CK2) keeps XRCC1 phosphorylated owing to the
stability of XRCC-Lig III complex [49]. The DNA
Ligase III shows damage sensing ability attributed by
its Zn domain at N- terminus homologous to PARP1.

Deaminated, Alkylated or
mismatched base

<
D NA
Glycosylase

Monofunctional Glycosylases:
UNG, MBD4, SMUG, TDG, MPG

Bifunctional Glycosylases:
NEIL1. NEIL2, NEIL3, OGG1, NTH

C

Long patch BER

e »;n A SL £ \"-\‘Az" ™

il »rf\ (B

displacement

C
< AAS-

G
G gl T e
Ligation l Ligl, PCNA

C .. G [

e fa e

CNLS G
& ce " T T

Figure 1. This illustration depicts Base excision repair (BER) pathway. DNA glycosylase recognizes damaged lesion. Further, AP endonuclease cleaves
damaged base. Followed by gap filling step in short patch BER is executed by Pol B, X-ray repair cross-complementing protein 1 (XRCC1) and PARP. For
Long patch BER, the gap filling and strand displacement are performed by Pol B, Pol €, Pol delta, Proliferating cell nuclear antigen (PCNA), Flap endonuclease
| (Fenl) and poly ADP-ribose polymerase (PARP). The last ligation step is carried out by DNA ligase Ill (Lig3) in short patch BER. In long patch BER, the

ligation step is completed by DNA ligase | (Ligl).
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In the pool of several key DNA repair response
proteins, Poly (ADP- Ribose) Polymerases (PARP) are
described as a superfamily of seventeen proteins.
They play a key role in cellular processes such as
telomere homeostasis, chromatin dynamics, cell
differentiation and cell death [50]. The PARPs are
reported as essential proteins required in BER. They
play crucial role in sensing DNA damage and
promoting repair [51]. The enzyme PARP is
extensively referred for its role in
Poly(ADP-ribosylation) (PARylation process as a
post-translational modification of proteins engaged in
DNA damage repair. This enzyme recognizes the
damage and bind to damaged site by cleaving NAD*
and addition of ADP- ribose to form long and
branched chains of Poly (ADP-ribose) [PAR]. The
PAR is covalently bonded to acceptor proteins
forming polymers around the damage thereby
recruiting other essential proteins of BER. The
detailed biochemical and functional characterization
of the DNA-dependent PARP family members are
explained as three members as PARP 1, PARP 2 and
PARP 3. Among these members, PARP1 and PARP2
are accentuated for their participation in the
resolution of single-strand breaks as part of the
BER/SSBR process [52]. The PARP 1 is reported to
possess three domains as NH» terminal DNA binding
domain having 3 Zn fingers (2"d Zn finger with
strongest affinity to DNA break), automodification
domain and C-terminal catalysis domain [53]. The
hyperactivation of PARP 1 leads to depletion of NAD*
reserves thus leading to necrosis or apoptosis of cell.
This property of PARP is used to attack cancer cells.
Some PARP inhibitors bind to catalytic domain
inhibiting auto modification thereby removing
enzyme from site of DNA damage [52]. However,
PARYylation is also reported to contribute to the repair
of double-strand breaks [54, 55].

BER and Epigenetic at Crossroad in
Breast Carcinoma

Several types of cancer including breast
carcinoma are depicted as combined landscape
created by both genetic and epigenetic events [56]. In
recent view, the epigenetic factors are suggested to
play critical role in the DNA damage response
regulated by multiple elements. Epigenetic landscape
is maintained by the concerted efforts from
epigenome molecular payers linked with DDR in
normal and carcinoma cells. Further, therapeutic
approaches are considered to target epigenetic
machinery components [57, 58]. By dissecting out BER
response and epigenetic landscape cross talk, there
are appreciable suggestions that BER pathway

influenced by chromatin disruption and remodeling
[59]. The DNA methylation is known as a stable
epigenetic modification. In recent, the existing role of
DNA methyl transferase transferases 3A and 3B
(DNMT-3A and 3B) is considered to carry out DNA
methylation and also being extended to demonstrate
active DNA demethylation. Further, BER pathway
has been suggested to facilitate demethylation C-5
methyl cytosine (5mC) by DNMT-3A and -3B might
be in the absence of S-adenosyl methionine (SAM)
[60].

There is consensus that epigenetic landscape in
cancer cells are highly aberrant and suggested to act
as the promoter for the malignancy. In recent, data
accumulated from genomic approaches point out that
several miRNAs are deregulated in breast cancer [61,
62]. Besides, a player involved in the miRNA
maturation as endoribonuclease Dicer is also reported
to be down regulated in breast carcinoma [61, 62]. The
Gadd45a (growth arrest and DNA-damage-inducible
protein 45 alpha) is reported as nuclear protein to
maintain genomic stability, DNA repair, cell growth
retardation and DNA demethylation. Their findings
substantiate that active demethylation may be
facilitated via DNA repair response mechanisms,
where Gadd45a interacts with DNA repair
endonuclease XPG [63].Recently, evidence indicates
that in breast carcinoma, histone deacetylase (HDAC)
inhibitors bring rapid alterations in the expression of
MYC controlled miRNAs, including let-7 family
[64].There is reports on the implications of two repair
enzymes, thymine DNA glycosylase (TDG) and
methyl-CpG binding domain 4 (MBD4) against the
mutagenic role of methyl-cytosines in mammalian
system. Further, authors have established about the
convergence between DNA repair and re-methylation

at the methyl-cytosine deamination chromosomal loci
[65].

BER and microRNA Regulation in Breast
Carcinoma

Recently, microRNAs (miRNAs) defined as
non-coding regulatory players are acknowledged for
their decisive role in numerous normal biological
processes  besides  cancer  progression and
development [66, 67]. In the perspectives of miRNAs
action in cancer pathophysiology, miRNAs are
suggested as potentials biomarkers for diagnostic and
prognostic approaches in cancer treatment. There is
view that therapeutic approaches in the form of
bringing down or elevating levels of specific miRNAs
by designing anti-sense oligonucleotides or
pre-miRNAs may be useful for the cancer therapy [67,
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68]. In recent, obstacles in the form of highly resisting
cancer stem cells are reported in several carcinomas.
Therefore, search of selective agents such as natural
compounds curcumin or epigallocatechin-3-gallate
(EGCG) are reported for their role to modulate
miRNAs in such type of cells [69].

There is growing evidence to support that
approximately 50% of miRNA-encoding genes are
situated in the chromosomal loci associated with
cancer pathophysiology [70, 71, 72]. These diverse set
of miRNAs sometimes referred either as oncogenic
miRNAs (oncomiRNAs) in case upregulated or tumor
suppressors of repressed in a specific type of cancer.
Among reported cancer related miRNAs, miRNA-15a
and miRNA16-1 are suggested to play as the tumor
suppressor’s role in solid tumors including ovarian
and breast cancer [72, 73]. In recent, investigations are
reported that miRNAs screening could be an effective
means of detecting down regulation of gene products
associated with DNA damage response and breast
cancer phenotypes [74].

Recently, MiR-155 is reported to act
asoncomiRNAs, which is highly elevated in breast
cancer and linked to the estrogen receptor (ER) and
progesterone receptor (PR) level. The author Zhang
and colleague report that that tumor protein
53-induced nuclear protein 1(TP53INP1) could be
potential targets of miRNA-155 in case of ERalpha (+)
MCE-7 cancer cell lines. Furthermore, their findings
confirm that overexpression of miRNA-155 can block
TP53INP1lin MCF-7 cells and possibly help in cellular
proliferation and blocking apoptosis. In addition,
findings indicated that miR-155 can obstruct the cell
cycle and apoptosis-related gene caspase-3, -8, -9, and
p21 expression [75]. There are finding to support that
overexpression of miR-21 in breast cancer can lead to
invasiveness and lung metastasis [76, 77].

Therapeutic Intervention of Drugs/
Inhibitors against BER in Breast
Carcinoma

BER is highlighted as the main process to
maintain the integrity of the genome inflicted due to
genotoxic agents [10-12,14]. The primary step in
repairing a single base damage in DNA is glycosylase
activities. Abasic sites are generated following
glycosylase removal of a damaged base followed by
the action of APE1/Ref-1 enzyme. Recently, Donley et
al (2015) reported about the potent and specific
inhibitors to OGG1 DNA glycosylase and most of
them classified as hydrazides or acyl hydrazones.
There are suggestions that APEl is a better
therapeutic target [78]. Aberrant BER responses

contribute to malignant transformation. However, an
inter-individual variation in DNA repair capacity
plays a key role in modifying breast cancer risk and
possible success or failure of genotoxic approaches
[79]. There are reports on emerging evidences about
the aberrant expression of several BER proteins and
among those adenomatous polyposis coli (APC) and
Flap endonuclease 1 (Fenl) expression in breast
tumors [80]. It is considered that increasing the
concentration of APC may enhance the efficacy of the
cytotoxic drugs that will enhance cell death by
producing DNA damage. In actual pathway, APC
interacts with and blocks Fenl activity in
Pol-B-directed LP-BER, and abrogation of LP-BER
linked with transformation of normal breast epithelial
cells [79]. The APE is explained as one of the main
enzymes in the BER pathway and creates nearly all of
the abasic site cleavage activity. The APE1 expression
is distinct in variety of cancer and a high APE1
expression associated with poor result towards
chemo-radiotherapy [81]. Many APEl chemical
inhibitors are isolated among as CRT0044876 a potent
and selective APE1 inhibitor. In silico modeling
studies suggest that CRT0044876 binds to the active
site of APE1 [82]. Methoxyamine is revealed as a small
molecule  that  specifically  inhibits = BER.
Methoxyamine inhibits the repair of AP sites by
binding to and modifying the AP site, rather than
directly inhibiting the enzyme APEI1 [83]. Inhibition of
AP-endonuclease (APE) lead to increased sensitivity
of cancer cells to alkylating chemotherapeutics [84].
When AP-sites are oxidized or reduced, they become
resistant to elimination and cannot be excised by the
dRP lyase activity of pol [85]. Many genes play a key
role in BER like X-ray repair cross-complementing
group 1 (XRCC1), OGGI1 gene, PARP-1 and APEl
genes [55]. The XRCC1 interacts with several BER
proteins such as DNA polymerase §, APE1, OGG1,
PARP-1 and LIGII ([86]. X-ray Repair Cross
Complementing 1 (XRCC1) is thought to function as a
scaffolding protein in BER pathway [87]. XRCC1 is a
multidomain protein that interacts with nicked DNA
and participates with at least three enzymes PARP,
DNA ligase III, DNA polymerase [88]. XRCC3 is a
member of the Rad51 DNA repair gene family; it
functions in the HRR pathway for repairing
double-strand breaks, which plays important roles in
maintaining genome stability [89, 90]. XRCC1 protein
make complex with the PARP-1 enabling their
recruitment in damage site [91]. In view of
combinatorial drug therapy prospects, authors have
demonstrated that pan-histone deacetylase inhibitor
(HDI) treatment in combination with PARP inhibitor

http://www.oncm.org



Oncomedicine 2017, Vol. 2

49

against TNBC cells resulted into enhanced lethality
[92].

In recent, efforts are available to delineate
alkylating agent responsiveness in TNBC to interfere
the level of hPMC2 leading to diminished cell survival
[93]. The combinatorial effect of Doxorubicin (Dox)
and Methylamine (MX) on MDA-MB-231 depicts a
sensitizing effect. In this report, Dox helps in inducing
an oxidative DNA damage whereas MX acts an
apurinic/apyrimidinic =~ endonuclease 1 (APE1)
inhibitor [94]. Recently, combinatorial
drugs/inhibitors treatment regiments are described
involving PARP and PI3K pathway inhibitors. The
human breast cancer cell lines demonstrated
heightened cell death and apoptosis in case of
combined use of PARP and PI3K inhibitors [5, 20, 95].
Recently, olaparib (Lynparza), PARP inhibitor are
directed towards cancer types with debilitating DNA
repair pathways as BRCA1 and BRCA2 mutation [10].
The cellular effects of PARP inhibitors are reported to
vary according to the cellular environment. In
particular, the presence and nature of DNA damage
and/or metabolic stress leave impact on the
consequences of PARP inhibition [96]. The inhibitors
of PARP-1 (a nuclear enzyme involved in the
signaling of DNA damage and BER) in conjunction
with radiation or cytotoxic drug as topoisomerase
(TOPO) type I or Il inhibitors can induce severe
genomic instability [97].

Conclusion

In conclusion, current regimens of genotoxic
drug and radiation therapy based treatment are
successful in some cases. At the same time, failures
widely witnessed in breast carcinoma. It is true that
several carcinomas including breast cancer are blessed
with modulated dedicated pool of DDR pathways
including BER pathway. The efforts to use the
knowledge about BER proteins and their interference
in breast carcinoma will offer opportunities for
cocktails of precise genotoxic drugs/inhibitors.
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