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Ovarian cancer is one of the most common gynecological cancers. Recently, there is
increase in incidence of ovarian cancer not only India but also worldwide. Ovarian cancer
patients exhibit nonspecific symptoms during early course of disease. As a consequence,
70% of these patients are diagnosed in advanced stages. Ovarian cancer treatment includes
cytoreductive surgery followed by platinum-based chemotherapy. However, these patients
develop fatal recurrence due to development of platinum resistance. Cisplatin, (platinum
analog) resistance is multifactorial and complex. Earlier, resistance was mainly attributed to
conventional molecular mechanisms like decreased intracellular accumulation of cisplatin,
enhanced DNA repair and increased cisplatin detoxification. Nevertheless, emergence of
knowledge of tumor biology have lead to discovery of other contributing mechanisms. These
tumor microenvironment related factors include physical blockade, hypoxia, cancer stem cells,
cancer associated fibroblasts and many others. Understanding these mechanisms of cisplatin
resistance is crucial for development of novel strategy to combat the same. Hence, this review
summarizes all the mechanisms of resistance of cisplatin in ovarian cancer.
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Ovarian cancer is the third most
common cancer among women in India.! In
India approximately, the incidence of ovarian
carcinoma is expected to range from 1.7 to 15.2
for 2012 to 2014 in different population-based
cancer registers.! Moreover, in India, there was a
rough estimate of 59,276, as new ovarian cancer
cases in 2020.2 According to cancer stat facts, in
United states of America, estimated new cases and
estimated deaths from ovarian cancer are 21,750
and 13,940 respectively.

Ovarian cancer patients usually have
nonspecific symptoms like gaseous distention of

stomach, abdominal swelling, changes in bowel
habits and unexplained weight loss.? Hence, ovarian
cancer is often not diagnosed till advanced stages.’
Moreover, at advanced stages, five year survival
rate is as low as 30%.* Advanced stage ovarian
cancer is treated by cytoreductive surgery followed
by chemotherapy with six cycles of platinum
containing drug either cisplatin or carboplatin
in combination paclitaxel.* Majority (i.670%) of
ovarian cancer patients respond to a platinum
and taxane based chemotherapy.” However, 50%
of these patients will develop recurrence. ® This
recurrence is due to development and persistence
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of drug-resistant cells in peritoneal cavity, which
eventually grow progressively leading to death of
patient.>¢

Development of resistance to cisplatin
can be acquired or intrinsic.” The conventionally
described mechanisms of drug resistance are
decreased uptake, enhanced efflux, increased
DNA repair, augmented detoxification by GSH
conjugation.”® Relatively novel discoveries
include cisplatin resistance due to autophagy
induction, tumor microenvironment related
factors like hypoxia, cancer associated fibroblasts,
macrophages, activation of the EMT pathway.”* !

Understanding all the mechanisms of
resistance is crucial in order to develop novel
strategies to combat cisplatin resistance. Moreover,
understanding of cisplatin resistance mechanisms
is important to identify and detect biomarkers.
Biomarkers are macromolecules that can be
measured and indicate pharmacological response
in the body. In this paper, we will review all
mechanisms of resistance including those due to
tumor microenvironment.
Epidemiology of ovarian cancer

Ovarian carcinoma is fifth major cause
of malignancy related mortality in females. It
usually affects women over 65 years of age. In
2018, 295,414 cases were identified across the
world.'? However, ovarian cancer is more common
in developed nations than developing world."
According to cancer stat facts, in United states
of America, estimated new cases and estimated
deaths from ovarian cancer are 21,750 and 13,940
respectively. In India approximately, the incidence
of ovarian carcinoma is expected to range from 1.7
to 15.2 for 2012 to 2014 in different population-
based cancer registers.! Moreover, in India, there
was a rough estimate of 59,276, as new ovarian
cancer cases in 2020.2
Pathogenesis of ovarian cancer

“Ovarian cancer” is multiple group of
malignancies affecting ovary. Cancer of ovary
may arise from one of three types of cell, those
are surface epithelial cells, sex cord stromal cells,
germ cells. (Fig.1) However, tumors with more than
one type of cell are also encountered and these are
designated as “mixed” tumors.'* 90% of malignant
ovarian cancers are surface epithelial-tumors. Also,
referred as epithelial ovarian cancer or carcinoma.
Furthermore, WHO classifies surface epithelial-
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tumors into serous, mucinous and endometroid
depending upon cell type. Serous, mucinous,
endometroid resemble fallopian tube endometrium,
endometrial glands and endocervical epithelium
respectively.'® Also, depending on atypia, these are
further classified into benign, malignant, borderline
and depending upon tumor subtype into low-grade
(type I) and high-grade (type II)."* High grade
serous ovarian carcinoma (HGSOC) accounts for
70% of cases.'¢

The exact etiology of ovarian cancer
is not known yet.* However, two hypothesis
for ovarian cancer pathogenesis are proposed —
incessant ovulation and fallopian tube theory. In
1971, Fathala, observed that human female have
incessant ovulation from puberty till menopause.
It was further proposed that during ovulation,
trauma occurs to surface epithelium and also
damage to DNA, which is ultimately responsible
for neoplastic transformation.'*!” However, this
theory fails to explain pathogenesis in patients
with polycystic ovarian disease in which there is
no incessant ovulation.

Later, cloning of BRCA 1&2 genes led to
women undergoing prophylactic bilateral salpingo-
oophorectomies to reduce risk of ovarian cancer.
Furthermore, study of histology of fallopian tube
of these women, revealed surface epithelium of
tubes may play an important role in pathogenesis
of ovarian cancer.'*'S. Recent studies have
revealed, that 60-70% of high grade serous ovarian
carcinoma (HGSOC) arise from lesions in fallopian
tube.'

Molecular Features of HGSOC

Approximately 20 % of high grade serous
ovarian cancer have BRCA1 & BRCA2 gene
mutations. BRCA1/BRCA2 proteins are tumor
suppressor proteins involved in DNA damage
repair process through homologous recombination
(process is explained in detail later in text). One
more mutation common in HGSOC is T53, almost
97% of cases. This gene is responsible for DNA
repair (homologous recombination), the cell cycle
and apoptosis upon irreparable DNA damage.'® In
50% of HGSOC, T53 and /or BRCA1/2 mutations
along with other mutations can result in total
deficiency of homologous recombination.'®
Pharmacotherapy of ovarian cancer

Current treatment strategy of ovarian
cancer involves surgical debulking, chemotherapy
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and radiation treatment. Chemotherapy is most
critical of all. Chemotherapeutic agents include
taxane group (paclitaxel or docetaxel) and platinum
containing compounds (cisplatin or carboplatin).
Chemotherapy is administered through intravenous
route (IV), intraperitoneal route (IP) or both (IV/
IP). Although intraperitoneal route offers range of
advantages, it is not widely accepted.'**

At advanced stage, after surgical
debulking, current standard regimen is 6 cycle of
carboplatin (AUC 5) and paclitaxel (175 mg/m?) IV
over three hours, repeat after every 3 weeks.* This
regimen of carboplatin + paclitaxel is found to be
equally effective as cisplatin + paclitaxel in terms
of overall survival & progression free-survival.
Moreover, regimen containing carboplatin was
found to be more tolerable , as patients experienced
less frequently non hematologic side effects like
nausea vomiting and neuropathy.?’ However,
carboplatin and cisplatin acts by same mechanism,
have similar pharmacokinetic properties hence
their mechanism of resistance remains same.
Furthermore, cisplatin was used widely before
carboplatin, hence research till date, is more
focused on describing mechanisms of resistance
to cisplatin. Therefore, this review is focused on
describing mechanisms of cisplatin resistance in
ovarian cancer.

Cisplatin
Chemistry & Pharmacokinetics
Cisplatin, chemically cis-

diammenedichloroplatinum (II) (CDDP), is
available in one of three colors — white, yellow,
yellow orange. It is crystalline powder at room
temperature and is administered intravenously in a
saline solution. It binds to albumin and transferrin
in blood.” Retention half-life of cisplatin is 1-5
-3.6 hours. Further, cisplatin is metabolized by
GSH-S-transferase d and conjugates formed in the
process are eventually excreted.”
Pharmacodynamics

Cisplatin binds to DNA and forms inter
and intra strand cross links, thereby leading to
inhibition of DNA synthesis and function.

It is transported into cancer cell by
copper membrane transporter (CTR1 & CTR2).%
Once inside the cell, it forms cisplatin-DNA
adducts by binding to N7 atoms of guanine or
adenine. Later, this results in formation of inter,
intra-strand DNA crosslinks and double strand
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breaks.”!® Furthermore, these DNA damages
are recognized by proteins like mismatch repair
(MMR) proteins, nonhistone high mobility groups
1 and 2 (NHHMG) proteins. ''** After recognition
of DNA damage, there occurs activation of p53,
p73 (pro-apoptotic proteins) pathway, which
ultimately induce apoptosis. Cisplatin causes
activation ataxia telangiectasia-mutated (ATM)
protein and ATM & Rad-3 related (ATR) protein
kinase which further induce p53.2*%6 p73 is also a
p53 family pro-apoptotic protein. DNA damage
caused by cisplatin is recognized by MMR proteins,
which in turn activates, Cyclobutanedicarboxylate
(c-Abl). Ultimately, c-ABL activates p73.% Both
p53 and p73 pathways activate caspases. Further,
caspases can be divided into two types: initiator
caspases like caspase 8 & 9, and executioner
caspases such as 3 & 7. (Fig.1).” These caspases
carry out apoptosis. This results in arrest of cell
growth in G2/M phase.

Another mechanism of action of cisplatin
is generation of superoxide.”” This generation of
oxidative stress can result in damage to DNA,
protein and lipids, eventually mediate apoptosis.?®
Oxidative stress also cause damage to mitochondria
by declining state 3 mitochondrial respiration
and reducing calcium accumulation.” However,
these reactive oxygen species are scavenged by
glutathione and other antioxidants.

Mitochondrial DNA is also a target for
cisplatin action. Cisplatin forms crosslinks with
mitochondrial DNA. Moreover, mitochondrial
platinum DNA adducts levels are higher than
nuclear platinum DNA adducts level.*® This is due
to larger N7 guanine content of the mitochondrial
DNA.

As described earlier, 50% of HGSOC
cases are deficient in homologous recombination
(HR), this pathway repairs double stranded breaks
in DNA. Cisplatin causes DNA double strand
breaks these cannot be repaired in HR deficient
cases, thus providing rationale for its use.

Role of cisplatin in other cancer treatments
Small cell lung cancer

This is an aggressive cancer with elevated
potential for metastasis. Majority (70%) of patients
are detected at advanced stage. However, those
who are detected at early stages are recommended
surgical resection along with cisplatin/ carboplatin
based chemotherapy. Whereas metastatic disease
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is incurable, cisplatin/etoposide combination
provides symptomatic relief for patients, and
recommended as first line therapy.?' Current
guidelines for advanced non-small cell lung
cancer, recommend cisplatin based combination
chemotherapy.*

Head and neck squamous carcinoma

It is a common malignant disease. Most of the
patients present with locally advanced disease
and require surgery followed by chemotherapy
and radiotherapy. Cisplatin based combination
chemotherapy is preferred in such patients.*
Other cancers

Cisplatin is used in recurrent brain tumors
in pediatric population. It is also used in gastric
cancer, anal cancer and leukemia.?

Mechanisms of cisplatin resistance in ovarian
cancer

As mentioned earlier, majority of ovarian
cancer patients are detected in advanced stage
of disease. Furthermore, these patients develop
recurrence after first line of chemotherapy
treatment. Recurrent disease is chemo resistant
hence fatal to the patient. Therefore understanding
the mechanism of development of resistance to
overcoming the same is crucial.

Cisplatin resistance is multifactorial and
complex. In addition, ovarian cancer cells develop
resistance to cisplatin by various mechanisms
including conventionally described molecular and
tumor microenvironment related mechanisms.
Conventional molecular mechanisms

From conventional perspective, three
mechanisms of cisplatin resistance are put
forward and those are — reduced intracellular
accumulation, increased DNA repair, increased
cisplatin metabolism. Table no.1 summarizes these
mechanisms.

Reduced accumulation of cisplatin

The most important mechanism of
cisplatin resistance is reduced accumulation
of cisplatin intracellularly which cause further
reduction of cisplatin-DNA adducts formation.
Reduction in number of copper transporters 1 &
2,(CTR1 & 2) which transports cisplatin, is seen
in ovarian cisplatin resistant cells.” Two copper
exporters, copper transporting ATPase 7A & 7B
(ATP7A & ATP7B) cause sequestration of cisplatin
from intracellular components, thus reducing its
accumulation.”* It is observed that there is increase
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in expression of these transporters in cisplatin
resistant cells.”

Multidrug resistant proteins (MRP) also
play a role in cisplatin resistance. It is seen that
increased expression of MRP1 and MRP4 was
associated with resistance to cisplatin, with marked
reduction in its accumulation.**

Increased cisplatin conversion to inactive
metabolite

Cisplatin is metabolized by GSH-
S-transferase 0 and conjugates formed in the
process are eventually excreted.”-** Increased
levels of intracellular glutathione -s- transferase
and metallothionine (MT) is seen in cisplatin
resistant cells.’*¥7 Moreover, in some patients,
polymorphism of glutathione S-transferase P1
(GSTP1) Ile105Val gene, results in overexpression
of GSH-S-transferase and increased cisplatin
inactivation.’® Another study has also found
increased expression of long integrated non coding
RNA (Linc RNA ) H19, in cisplatin resistant
ovarian cancer cells. H 19, is previously known
to be involved in tumor development, progression
and metastasis. However, this study by Zheng et
al, also reveled that H19 increases GSH levels,
thereby increasing cisplatin detoxification.*
Increased DNA repair mechanisms

There are four main DNA repair
mechanisms and those are, nucleotide excision
repair (NER), mismatch repair (MMR),
homologous recombination (HR), nonhomologous
recombination (NHR).?

Nucleotide excision repair (NER)

As mentioned previously, cisplatin acts
by forming platinum DNA adducts. NER removes
these platinum adducts. This is the major repair
mechanism involved in DNA repair. Excision
repair cross-complementing 1 (ERCC1) and
xeroderma pigmentosum complementation group
F (XPF) are proteins involved in carrying out
removal of platinum DNA adducts. This is the
rate limiting step in the repair mechanism.®364°
However, the increase in expression of ERCC1 is
seen in cisplatin resistant ovarian cancer.*!
Mismatch repair (MMR)

This pathway is strand specific and
involves in correction of single-base mismatches.
This pathway consists of 3 steps - initiation,
excision, and re-synthesis and it involves various
proteins like MLH1, MSH2, MSH3, MSH6, and
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PMS2. However, MMR pathway is unable to
eliminate DNA-platinum adducts and thus keeping
the source of mismatch intact. This will further lead
to initiation of MMR pathway and continuation
of this futile cycle. This constant procedure of
excision and re-synthesis of DNA strand can
eventually lead to the formation of double-strand
breaks (DSBs).*” As described earlier, this leads
to activation of DNA damage signaling factors,
including p53, p73, ultimately triggering apoptosis
through caspases. Hence unlike other repair
mechanisms, deficiency in the MMR pathway can
result in cisplatin resistance. This deficiency can
occur due to either by epigenetic modification or
gene mutation.*® Moreover, promoter methylation
of MMR genes, have shown to cause deficiency of
this pathway and thus cisplatin resistance.*'
Homologous recombination (HR)

Cisplatin causes double strand breaks
in DNA, which are most dangerous lesions.
These lesions can only be repaired by HR and
nonhomologous end joining (NHEJ) pathway. HR
is a highly conserved system, generally regarded as
error-free, that requires an intact sister chromatid
to act as template for correct repair of the break
without loss of sequence information. As such, HR
takes place in G2 and S phases of the cell cycle.

As mentioned previously, proteins
encoded by breast cancer gene 1 & 2 (BRCA1 and
BRCA?2) are responsible to carry out homologous
recombination. One such key component is
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partner and localizer of BRCA2 (PALB2) protein.
Mutation in BRCAI affects binding component
capacity of PALB2 and hence compromise
homologous recombination.”® However, study by
Da yang has revealed BRCA1 mutation does not
confer sensitivity to cisplatin.*?

BRCA2 controls expression of RADS51
protein, which repairs double stranded breaks in
DNA. In contrast to BRCA1 mutaions, cells with
BRCA2 mutations are incapable of repair and
sensitive to cisplatin.**

Nonhomologous end joining pathway (NHEJ)
pathway

This pathway also repairs double stranded
breaks but unlike homologues recombination,
NHEJ is error prone. NHEJ takes place in G1 and
GO phase. Enzymes involved in NHEJ are DNA-
dependent protein kinase, DNA polymerase and
DNA ligase. Inhibitors of DNA-dependent protein
kinase, have shown to increase cisplatin sensitivity,
revealing increased expression of this enzyme in
cisplatin resistant cells.*

Another mechanism contributing to
cisplatin resistance is epigenetic event like
alteration in DNA methylation. Ovarian cancer
cells which overexpress DNA methyltransferases
(DNA-MT) like DNAMT1 & DNAMT3B
are known to be cisplatin resistant.’* Altered
methylation of DNA results in chemoresistance. For
example hypermethylation mediated suppression
of cell adhesion and tight junction, leukocyte

Ovarian cancer

Sex cord stromal cells

Germ cells

Serous (resemble
fallopian tube
endometrium)

Mucinous (resemble
endometrial gland)

Endometrioid (resemble
endocervical epithelium)

Fig. 1. Classification of ovarian cancer depending upon cell type
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trans endothelial migration pathways and DNA
hypomethylation mediated activation of cell
growth pathways confers cisplatin resistance to
06115.35’45’46

CTR1 & 2 — copper transporter 1 & 2,
ATP7A & 7B- copper transporting ATPase 7A
& 7B, MT- metallothionein, ERCC1 - excision
repair cross-complementing 1, NER — nucleotide
excision repair, MMR — mismatch repair, NHEJ
— Nonhomologous end joining, ERK/MAPK-
extracellular regulated kinase/mitogen activated
protein kinase, Bcl-2 protein- B cell lymphoma 2
protein.
Tumor microenvironment

Recent studies have shown that tumor
microenvironment is involved in tumor progression,
metastasis and also chemoresistance. Tumor
microenvironment in ovarian cancer is comprised
of
a. Extracellular matrix (ECM), consisting of
proteoglycans, glycoproteins, chemokines,
cytokines, and metalloproteinases.
b. Stromal cells like tumor cells, cancer stem cells,
cancer associated macrophages and fibroblasts, and
cytotoxic T cells.
c. Blood vessels
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Some of the factors related to tumor
microenvironment which contributes to cisplatin
resistance are as following:

Physical blockade

Two forms of tumor — microenvironment
interaction can affect sensitivity to chemotherapeutic
drugs: the interaction with soluble factors secreted
by stromal cells and direct integration with
extracellular matrix (ECM). ECM gene like
COL6A3, which codes for collagen VI protein,
is upregulated in cisplatin resistant cells.”’” This
discloses the fact that tumor cells modulate their
own environment to protect themselves from
cytotoxic drugs like cisplatin.

Tumor microenvironment consist of
tightly packed cells leading to poor penetration
of drug and drug resistance.(48) Even though
molecular mechanisms are main contributing factor
for cisplatin resistance, poor penetration through
tumor microenvironment do contribute to cisplatin
resistance.*®
Hypoxia

Reduced blood supply and tight
aggregation of cells results in hypoxia, another
contributing factor for cisplatin resistance.
Plethora of pathways lead to hypoxia induced

Reactive oxygen species

Binds to mitochondrial & nuclear DNA &
inter- and intra-strand cross links

/ N\

Mitochondrial — decrease
in respiration and
calcium accumulation

Damage to proteins,
DNA and lipids

|

Recognition by Proteins like MMR proteins,
NHMGP 1 & 2

!

Activation of p53 & p73

|

Activation of Caspases 3,7,8,9
|

Apoptosis

Fig. 2. Depicts cisplatin mechanism of action.
MMR — Mismatch repair, NHMG — Non histone High mobility group
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resistance, like upregulation of ABC transporter,
which results in efflux of cisplatin.* Furthermore,
there is down regulation of several pathways like,
MAPK, cell cycle, GAP junction. However, their
role in resulting hypoxia induced resistance is
yet to be studied.* Moreover, hypoxia increases
expression of signal transducer and activator
of transcription 3 (STAT3) oncogene as well as
increase generation of reactive oxygen species.
Further, STAT3 expression results in activation
of epithelial-mesenchymal transition (EMT), a
pathway responsible for cisplatin resistance.>
Consequences of EMT pathway activation are
discussed in detail in later paragraph. Moreover,
hypoxia inducible factor -1a (HIF-14) is involved
in imparting chemoresistance to cisplatin. Proposed
mechanism is through (HIF-14) induced autophagy
which in turn decreases cisplatin induced apoptosis
in cancer cells.”’ In addition, hypoxia promotes
cancer stem cells known contributing factor for
chemoresistance.™
Cancer stem cells

As mentioned earlier, cancer stem cells
are vital component of tumor microenvironment.
They cause tumor growth, metastasis, disease
relapse and also imparts chemoresistance to
cancer cells.*® Epithelial-mesenchymal transition
(EMT) is cell reprogramming event, occurs in
embryonic stages as well as in adult life during
tissue injury. In this process, epithelial cells
acquire mesenchymal characteristics by losing cell
polarity and cell-cell adhesions. They also gain
characteristics like invasiveness and migratory
potential.** However, process involves existence of
intermediate states including hybrid phenotypes.**
Tumor cells undergoing EMT and ultimate product
of EMT, mesenchymal cells are resistant to
cisplatin induced apoptosis. Vimentin, a protein,
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present in mesenchymal cells is responsible for
cisplatin resistance.’ Furthermore, NANONG,
a transcription factor, mediates inheritance of
mesenchymal traits leading to chemoresistance in
ovarian cancer. It also promotes STAT3 expression,
a known booster for EMT pathway and hence
chemoresistance.’” Another promoter of EMT, snail
and snug pathway is also found to be upregulated
in cisplatin resistant cells.™

Cancer associated fibroblasts (CAF)

Cancer associated fibroblasts promote
tumor progression, metastasis as well as
chemoresistance. CAF increases intracellular
GSH and cysteine. As described earlier, cisplatin
is inactivated by GSH-S-transferase 0 . Cisplatin-
GSH conjugates are eliminated across the
membrane through the ATP-dependent glutathione
S-conjugate export pump. Hence by increasing
GSH, CAF decrease intracellular accumulation of
cisplatin.*® This action of CAF is counteracted by
cytototoxic T cells through interferon gamma.*

Another mechanism by which fibroblasts
confer resistance is through secretion of chemokine
stromal cell-derived factor-1 (also known as
CXCL12). CXCL12 further induce EMT, promoter
of chemoresistance, through CXCR4/Wnt/a-
catenin pathway.®%* Furthermore, CAF promote
STAT3 signaling. STAT3 increases expression
of antiapoptotic proteins like Bcl-2 and survivin,
thus counteracting cisplatin action.’*¢* CAF secrete
fibroblast activation protein 4 (FAP), hallmark of
platinum resistance.%
Microenvironment-Regulated Signaling
Pathways

Three pathways PI3K/Akt/mTOR,
NFkB, and STAT3 are instrumental in mediating
chemoresistance by various mechanisms.

AKT/protein kinase B is an important

Table 1. Summary of molecular mechanism of cisplatin resistance

Regulator Action mechanism Effect

CTRI1 &2 Decrease in number of ~ Decrease in influx

ATP7A &7B transporters Increase in number Increase efflux

GSH & MT Overexpression Increased cisplatin degradation

ERCC1 Overexpression Increased DNA repair through NER

MMR gene Promoter methylation Deficiency of MMR, thus inhibition of apoptosis
DNA dependent protein kinase Overexpression Increased DNA repair through NHEJ

p62, ERK/MAPK, Bcl-2 Overexpression Autophagy induction, inhibition of apoptosis
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effector of serine/threonine kinase. It promotes
cell survival, suppresses apoptosis, and regulates
cisplatin sensitivity in ovarian cancer cell.®
However, Akt upon phosphorylation inhibits
apoptotic proteins like Second mitochondria-
derived activator of caspases (Smac), cytochrome
¢, caspase-9.57

STAT3 pathway is activated by mediators
like IL-6, granulocyte-colony stimulating factor
(G-CSF), epidermal growth factor (EGF) which
are released in tumor microenvironment.* ¢ As
mentioned earlier, activated of STAT3 further
promote inhibitors of apoptosis and EMT.?7-63:646
Mediators like IL-6, tumor necrosis factor-a,
epidermal growth factors secreted by tumor
associated macrophages and dendritic cells
activates NFkB pathway. NFkB plays pivotal role
in inhibition of cisplatin induced apoptosis.®"™
Besides this, p62 activates NF-éB, and counteract
oxidative damage caused by cisplatin. This is
through Kelch-like ECH associated protein 1
(Keap!l)-nuclear factor erythroid 2-related factor
2 (Nrf2) pathway.”!

Recent advances/research
Autophagy induction

Autophagy is a catabolic pathway in
which dysfunctional components, like damaged
organelles, misfolded proteins and foreign
matter, are transferred into lysosomes for their
degeneration.”” Autophagy and apoptosis are two
opposing cell signals which regulate cisplatin
sensitivity. In other words, induction of autophagy
results in cisplatin resistance.” B cell lymphoma
2 (Bcl-2), an antiapoptotic protein, is also an
autophagy regulator. BCI-2 associated oncogene
(BAG) interacts with Bcl -2 and inhibits cisplatin
induced apoptosis. Nevertheless, cisplatin itself
promotes BAG and thus confer resistance to
ovarian cancer cells.”” Another study by Juan
Wang et al has revealed that cisplatin induces
extracellular regulated kinase/mitogen activated
protein kinase (ERK/MAP kinase) pathway, which
activates autophagy.” Moreover, other study
showed multifunctional receptor protein, p62,
mediates autophagy.”

As described earlier aberrant methylation
of certain genes result in cisplatin resistance. One
such gene recently recognized is miR-199a gene.
Study by Yuoa Deng, revealed that promoter
hypermethylation of miR-199a gene results in
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overexpression of Discoidin Domain Receptor 1
(DDR 1). DDRI confers cisplatin resistance as it
is involved in regulation of crucial processes like
cell proliferation, migration, adhesion and ECM
remodeling.”

Emerging research have proved that
noncoding RNAs exert physiological and
pathological roles. Noncoding RNAs are further
classified into micro RNAs (mi RNAs), long non
coding RNAs (Inc-RNAs). Circular RNA (cir
RNA) is a novel class of long non coding RNAs.
Furthermore, altered expression of non coding
RNA including cir RNA is seen in various cancers.
In cisplatin resistant ovarian cancer cells 339 cir
RNAs are found to be aberrantly expressed. Among
these cirRNAs was the cirRNA Cdrlas, whose
downregulation was reported in cisplatin resistant
ovarian cancer.”

Micro RNAs (miRNAs), as mentioned
earlier, are also non-coding RNAs. Recent research
by Pengfei Gen et al, suggested that one such
miRNA, mi RNA — 216a is overexpressed in
cisplatin resistant cells. Study also elucidated that
miRNA -216a downregulates PTEN (Phosphatase
Tensin homolog), which is tumor suppressor, thus
confering cisplatin resistance to ovarian cancer
cells. Furthermore, it was found that miRNA-216a
is regulated by STAT3.”

Overexpression of Nuclear factor
erythroid 2 (NF-E2)-related factor 2 (NRF2) is
responsible for chemoresistance. Recent study
by Lingie Boa and et al, revealed that NRF2
results in activation of ABC (ATP binding
cassette) transporters which includes MRPs. These
transporters results in enhanced efflux of cisplatin
thus causing chemoresistance.’

DISCUSSION AND FUTURE
PROSPECTS

Platinum based chemotherapy is mainstay
of ovarian cancer treatment. Large number
of patients are diagnosed in advanced stages,
because of nonspecific symptoms during early
course of disease. However, in advanced stages,
development of chemoresistance to cisplatin results
in fatal recurrence. One solution suggested for
early detection is screening of post-menopausal
women either by measuring plasma level of Cancer
Antigen 125 (CA125), a biomarker or through
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ultrasonography. Nonetheless, evidence does not
support such screening beneficial for all women.”
Moreover, such screenings are not feasible in
resource poor country like India. Hence way
forward is either through use of alternative regimen
or combating cisplatin resistance through novel
Strategy.

Identification of ovarian cancer patients
with intrinsically cisplatin resistant tumor is crucial.
This can be achieved by identifying biomarkers of
cisplatin resistance. Chemoresistance biomarker
research is focused mainly on proteomics,
transcriptomics and genomics. These include
various mi — RNAs, cirRNAs etc. However, use
of these biomarkers to detect chemoresistance
in clinical practice is not encouraging so far.
Furthermore, research and validation of these
biomarkers through large group clinical trials will
pave way forward.*

Thorough discussion of mechanism of
resistance above, shows that cisplatin resistance is
multifactorial and complex. One of the mechanisms
is decreased intracellular cisplatin accumulation.
Cu transporter, mainly CTR1 is involved in
transporting cisplatin intracellularly. Cisplatin
competes with Cu for its transport. This discovery
have led to research in exploring use of Cu
chelators like trientine to counteract cisplatin
resistance.®! The clinical benefit rate with the use
of tiretine was 33.3 and 50.0% in the platinum-
resistant and the partially platinum-sensitive group,
respectively.® However, further Phase II clinical
trials are needed to validate the results.

Multi drug resistant proteins which cause
increased efflux of cisplatin, are also studied as
targets. Metformin has shown to reduce expression
of one of the multidrug resistant protein (MRP2)
in ovarian cancer cells.®

Studies have shown resistance mechanisms
like increased DNA repair, can be overcome by
inhibiting of proteins involved in these processes.
Molecules inhibiting ERCC1, a protein involved
in nucleotide excision repair, are being studied
currently. Also, a inhibitor of replication protein
A (catalyzes HR & NER), is being researched.*’

Earlier, these mechanism of resistance
like decreased accumulation, increase in DNA
repair or increased cisplatin degradation was only
known mechanisms. However, recent advances
have shown that tumor microenvironment plays
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an important role in development of cisplatin
resistance. Studies undertaken to analyze tumor
microenvironment in ovarian cancer have shown
tumor cells with the help of other stromal cells
modulate environment to their benefit. As discussed
earlier, cancer stem cells, cancer associated
fibroblast and macrophages do contribute to
development of cisplatin resistance. Nevertheless,
recent study has also shown cytotoxic T cells present
in tumor microenvironment counteract fibroblast
mediated cisplatin resistance.’ Definitely, this
should be one of the targets researched, to combat
cisplatin resistance in future. Bevacizumab, an
antiangiogenic drug, another promising target,
attacks tumor microenvironment. Bevacizumab
inhibit EMT transition thus counteract cisplatin
resistance.® Phase III trials demonstrating the
safety and efficacy of combining bevacizumab with
cisplatin based therapy in advanced stage ovarian
cancer are reported. Moreover, results of these trials
are promising and showed increase in progression
free survival as well as overall survival.®#¢ Few
ongoing studies, investigating combination of
bevacizumab with immune checkpoint inhibitors
are underway.

One more novel bioinformatics approach
was evaluated to combat cisplatin resistance.
This approach found about 535 differentially
expressed genes in association of cisplatin resistant
ovarian cancer. Furthermore, study also identified
sanguinarine, potential inhibitor of epidermal
growth factor from natural product library, which
can combat cisplatin resistant in ovarian cancer cell
lines.

ABT737 is an inhibitor of anti-apoptotic
protein Bcl-2. As describes earlier, Bel-2 inhibits
cisplatin induced apoptosis. ABT737 by inhibiting
Bcl-2 protein found to reverse cisplatin resistance
in ovarian cancer cell lines.*’

Alternative strategy devised to target
cisplatin resistance is nanotechnology based
delivery of cisplatin. This preclinical study showed
pegylated nanoparticles encapsulated with cisplatin
served as intracellular depot and increased cisplatin
efficiency.’

Additional strategies tested preclinically
are employing platinum based prodrug therapy,®
resensititizing ovarian cancer cells by pretreatment
with low dose radiation,® down regulating hypoxia
inducible factor- 1,° selective inhibition of
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tumour associated vacuolar ATPase ‘a2’ isoform
to overcome cisplatin resistance in ovarian cancer
cells.”

Combining more than one strategy to
overcome cisplatin resistance in ovarian cancer
must be future approach.
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