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Abstract: Epithelial ovarian cancer (EOC) is a leading cause of cancer death in women. Standard of care
treatment has remained platinum-containing cytotoxic chemotherapy for over three decades. Among the
central challenges in treating ovarian CA are disease recurrence and the development of chemoresistance.
Survival is uniformly poor for patients with chemoresistant recurrent disease and effective therapeutic
options are limited. As such, delineating the mechanisms of chemoresistance and developing targeted therapies
to prevent chemoresistance from occurring are of vital importance to improving survival for patients
with EOC. Attempts to characterize mechanisms of chemoresistance have implicated numerous cellular
pathways, but a rift remains between pre-clinical findings and translation to improving patient survival. More
recently, the interplay among different cell types within the tumor microenvironment has become central
to understanding how chemoresistance may develop and may be sustained. An improved understanding of
how tumor cell-intrinsic and -extrinsic pathways converge during the development of chemoresistance may
improve the likelihood of successful clinical translation. This review focuses on the roles of the EOC tumor
microenvironment and tumor cell heterogeneity in the development of chemoresistance. We review recent
studies into mechanisms of chemoresistance as they relate to tumor microenvironment and development
of novel therapeutic approaches that exploit these mechanisms to prevent or reverse chemoresistance. This
review attempts to cast these latest discoveries in a clinical context by summarizing trends in ongoing clinical

trials for patients with EOC.
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Introduction strategies and the emergence of some targeted therapies,

Epithelial ovarian cancer (EOC) is a leading cause of cancer the standard of care for patients with advanced EOC has

death in women. The onset of EOC is typically insidious
and patients usually present with advanced stage disease,

remained platinum-containing chemotherapy for over three
decades. Among the central challenges in treating EOC are

consisting of metastases throughout the abdomen and disease recurrence and the development of chemoresistance

pelvis (1). The cornerstones of treatment are combinations
of surgery and cytotoxic chemotherapy, the order of
which depends on disease distribution and patient factors
(2-4). Despite ongoing work in refining current treatment
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(5-7). Survival is uniformly poor for patients with recurrent
chemoresistant disease and effective therapeutic options
are extremely limited. As such, delineating the mechanisms

of chemoresistance and developing targeted therapies
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to prevent chemoresistance from occurring are of vital
importance to improving survival for patients with EOC.

There is an increasing appreciation of the role that
the tumor microenvironment—consisting of tumor cells,
surrounding stromal cells, and stromal elements—plays
in promoting and sustaining EOC chemoresistance,
recurrence, and metastasis (8-10). Traditionally, the aim of
cytotoxic chemotherapy has been to act on EOC tumor cells
per se to bring about their demise (11). However, attempts
to characterize mechanisms of chemoresistance in EOC
have implicated numerous signaling pathways occurring
both within tumor cells themselves (tumor cell-intrinsic)
as well as signaling between stromal cells and tumor cells
(tumor cell-extrinsic) (6,12,13). This shift in focus has
revealed new layers of complexity in EOC signaling, which
may underlie the frustrating rift that has been encountered
between promising pre-clinical findings and their failure to
successfully translate into effective clinical therapeutics.

This review focuses on the EOC tumor microenvironment
and recent insights into the signaling mechanisms that
are believed to underlie tumor metastasis, recurrence, and
chemoresistance. We review the various cell types that
constitute the tumor microenvironment, emphasizing
signaling pathways that have been implicated in tumor
metastasis, recurrence, and chemoresistance. We cast these
pathways in a clinical context by reviewing studies that have
attempted to leverage these pathways as therapeutic targets
to prevent or reverse chemoresistance, recurrence, and
metastasis.

Tumor heterogeneity in EOC

Ovarian cancer can arise from epithelial, stromal, or germ
cell tissues within the ovary. The vast majority of cases
of ovarian cancer are EOC, and this sub-type of ovarian
cancer is the subject of this review. Historically, EOC has
been categorized based on histological appearance: high-
grade serous, low-grade serous, endometrioid, clear cell,
and other rarer histology. With the publication of The
Cancer Genome Atlas (TCGA)—a program sponsored by
the National Cancer Institute and the National Human
Genome Research Institute that provided sequencing data
on 33 different types of human tumors—there has been
increasing emphasis on understanding the diverse molecular
aberrations that underlie EOC. In 2011, sequencing data
from 489 tumors from patients with high-grade serous
ovarian (HGSOC) cancer (the most common and aggressive

type of EOC) were published as the ovarian TCGA
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database (14). It provided insight into EOC pathobiology
with the following major conclusions: (I) homologous
recombination is impaired in approximately 50% of cases of
EOC, and (II) there is considerable molecular heterogeneity
in EOC, without a clear driver mutation (15). The TCGA
analysis of EOC demonstrated significant heterogeneity
both among different patient tumors as well as within a
single patient’s tumor. This degree of heterogeneity became
even further apparent with publication of integrated
proteogenomic analyses that show the relationship between
genomic aberrations and protein levels (16). There is
also data to support genetic evolution of tumors as they
metastasize. Using transcriptomic analysis on tumors taken
from patients with advanced stage EOC (17), Hoogstraat
and colleagues found a remarkable degree of genomic
rearrangement among tumors that had metastasized to
different regions within the abdominopelvic cavity (e.g.,
omentum vs peritoneum). Similar findings came from a
study by Bashashati and colleagues (18) in which mutational
profiling was performed on 31 HGSOC tumors from
6 patients. Similar to Hoogstraat and colleagues, they found
genetic diversity in the tumors. Among patients, there was
no common pattern of genetic evolution in tumors as they
metastasized (18). Given most patients with EOC present
in an advanced stage, often with multiple genetically and
molecularly distinct metastases throughout various regions
of the abdomen and pelvis, it is not surprising that single
reagent chemotherapy is not always advantageous. Indeed,
particularly in the recurrent setting, patients with metastases
may show a clinical or radiographic response in some of
their tumors but not in others (19).

The molecular heterogeneity of EOC poses a central
challenge to its treatment. EOC displays heterogeneity at
numerous levels: there are distinct histological subtypes,
there is heterogeneity among the cell populations within a
tumor, and there is molecular heterogeneity among different
cell populations within the tumor microenvironment.
Furthermore, chemotherapeutic treatments and other
exposures can drive the evolution of the tumor, inducing
further heterogeneity at various levels (7). Without a unique
genomic aberration that can be specifically targeted, the
classical therapeutic approach to treating EOC has involved
non-specific targeting of rapidly dividing cells. Standard
of care chemotherapy for front-line treatment of EOC
includes combination therapy with platinum and taxane
agents. Platinum agents damage DNA via adduct formation
eventually leading to double-strand breaks in DNA. Taxane
agents stabilize microtubules, preventing cell division. The
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rationale for using these agents is to target cancer cells
that are rapidly dividing and rely on DNA synthesis and
cytokinesis more than non-cancer cells (20). While effective
in the majority of patients initially, use of these agents
eventually leads to the development of chemoresistance,
whereby they are no longer effective. This traditional
approach to treating EOC can be characterized as tumor cell-
intrinsic, in that the focus has been on disrupting processes
in the cancer cells themselves to bring about their demise.
However, as more data have emerged about the important
role of the tumor stroma in influencing tumorigenesis,
proliferation, metastasis, and chemoresistance, there is a
growing appreciation that these additional cell types are
critical targets as well. Thus, expanding the view beyond
the cancer cells themselves to include a tumor cell-extrinsic
approach to treating EOC, may allow for a therapeutic
approach in which cells within the tumor microenvironment
are exploited to prevent, or ideally, reverse chemoresistance.
In this manner, understanding the molecular mechanisms
by which these other cell populations within the EOC
tumor microenvironment contribute to chemoresistance will
hopetully identify key molecular targets that can be disrupted
in a more precise manner to achieve greater efficacy and less
toxicity.

Tumor microenvironment & the development of
chemoresistance

There is a growing body of evidence demonstrating that non-
cancer cells that are present in the tumor microenvironment
make significant contributions to tumorigenesis, metastasis,
and, as we will review, chemoresistance. These effects are
achieved through diverse signaling interactions, which
may be via direct cell-to-cell contact or release of soluble
factors (either on their own or compartmentalized, e.g., in
exosomes). In contrast to certain other solid tumors, EOC
also frequently has a non-solid component of its tumor
microenvironment, namely the ascites fluid that is frequently
present in patients with advanced cases of disease. Figure 1
provides an overview of some of these microenvironmental
interactions as they pertain to chemoresistance. These tumor
microenvironments are dynamic and different cell types exert
effects on one another.

Adipocytes

Epidemiological studies have demonstrated an association
between obesity and multiple types of cancer. White
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adipose tissue contains numerous cell types—adipocytes,
adipose stromal cells, immune cells—that appear to play
complementary roles in promoting cancer proliferation
and metastasis. Adipocytes also release adipokines that
may participate in oncogenic signaling, angiogenesis, and
immunomodulation—all serving to promote cancer cell
survival and proliferation (21). In their review, Lengyel and
colleagues make the interesting observation that therapy
that is tailored to obese patients with cancer may actually be
necessary to combat the ability of adipose tissue to promote
chemoresistance (8). White adipose tissue is thought to play
an important role in EOC in that the omentum—a large
abdominal fat pad that drapes over the visceral organs of the
abdomen and pelvis—is a frequent site of EOC metastasis.
When EOC metastasizes to omentum, it establishes itself
within an adipose-rich environment and adipocytes provide
cancer cells with metabolic support in the form of fatty
acids (22). Ladanyi and colleagues recently showed that
CD36, a fatty acid transporter that is expressed on the
surface of ovarian cancer cells to promote exogenous fatty
acid uptake, is critical to establishing adipocyte-supported
fatty acid metabolism in ovarian cancer cells. They co-
cultured an ovarian cancer cell line with primary human
omentum-derived adipocytes—which by themselves
promote cancer cell proliferation—and showed that CD36
inhibition with small molecule inhibitors or siRINA leads to
impairment of tumorigenic properties such as cell adhesion,
invasion, migration, and proliferation. As altered metabolism
appears to be a critical nexus for chemoresistance, targeting
the adipose stromal-cancer cell interaction may be a way to
prevent or reverse chemoresistance in EOC (23).

White adipose tissue also contains stromal cells, most
notably adipose stromal cells (ASC; also referred to as adipose
stem cells). Zhang and colleagues analyzed the role of ASCs
in EOC cancer cell proliferation using a combination of gene
expression, co-culture, and in vivo assays. They demonstrated
that ASCs derived from the omental tissue of patients with
EOC promoted resistance to paclitaxel and carboplatin
when co-cultured with various EOC cell lines. Whether the
mechanism by which ASC’s promote EOC chemoresistance
is via metabolic alterations, adipokine signaling, and/or other
mechanisms was not directly explored in their paper and
remains an important area of investigation (24).

Fibroblasts

Cancer-associated fibroblasts (CAFs) have been implicated
in tumor progression and immune regulation in pre-
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Figure 1 Dynamics of tumor microenvironment interactions in EOC. Schematic demonstrates the key cell types that are within the

microenvironment and can participate in EOC growth and responsiveness to chemotherapy. EOC, epithelial ovarian cancer.

clinical animal models of cancer (10,25,26). Wang and
colleagues (10) performed an elegant study in which they
dissected the cellular and molecular mechanisms underlying
the tumor microenvironment’s contribution to platinum-
resistance in EOC. Through a series of detailed in vitro
and EOC mouse model experiments, they showed that
the presence of CAFs provides redox support for EOC
cells in the form of glutathione (GSH), which leads to a
decrease in the concentration of intra-nuclear cisplatin and
a resultant blunting of cisplatin-mediated DNA damage
and cytotoxicity to EOC cells (10). Beyond adding to the
knowledge of the role of CAFs in chemoresistance, the
authors also examined the contribution of effector T cells
within the EOC microenvironment. They found that
the production of interferon gamma (IFNg) by T cells
reverses the CAF-mediated chemoresistance on EOC cells
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by modulating expression of genes that are involved in
GSH metabolism—specifically, the up-regulation of GSH-
degrading enzyme, GGTS5 and the down-regulation of
the GSH transporter component. Lastly, they correlated
some of their cellular and molecular findings with
human EOC outcomes, showing that higher expression
of fibroblast markers in human EOC tumor correlates
with poorer overall survival whereas higher expression of
CD8" T cells correlates with improved overall survival.
Their findings not only strengthened the growing body
of data showing an important role for immune cells of the
tumor microenvironment in EOC, it also highlighted the
potential utility of targeting the tumor microenvironment
therapeutically to reverse or prevent the development of
chemoresistance.

CAFs have also been shown to contribute to
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chemoresistance through interaction with microvascular
endothelial cells (MECs) within the EOC tumor
microenvironment. It is established that tumors can secrete
factors that alter tumor vasculature affect resulting in
tumor progression and chemoresistance. Agents that target
vascular endothelial growth factor (VEGF) signaling are
used in clinical practice for EOC, in both the front-line
and recurrent settings; examples include bevacizumab,
cediranib, and pazopanib. Leung and colleagues (9) asked
how CAFs may be acting on MECs and performed a
comparative transcriptomic analysis on MECs that were co-
cultured with either human ovarian CAFs or normal ovarian
fibroblasts. Among the most common MEC pathway
alterations were cell motility, adhesion, and cytoskeletal
effects. They found that the CAF-derived factor, MFAPS,
increases expression of lipoma-preferred partner (LPP),
in MECs, leading to alterations in endothelial cell
permeability that result in compromised paclitaxel delivery.
By combining LPP inhibition (via siRNNA) with paclitaxel
administration, they were able to demonstrate reversal of
paclitaxel chemoresistance in a mouse model of EOC. They
furthermore demonstrated that high expression of LPP in
human EOC tumors correlates with poor overall survival,
lending further relevance to the interaction of CAFs and
MEC:s in human EOC. This work highlights the potential
value in targeting EOC tumor microenvironment stromal
cells as an adjunct to improve the efficacy of standard
cytotoxic chemotherapy (9).

Cancer stem cells (CSCs)

A sub-population of neoplastic cells that is hypothesized
to be a source of cancer recurrence and chemoresistance
development based on their defining features of: (I) self-
renewal, (II) tumorigenesis, (III) pluripotency (27). Based
on single-cell RNA sequencing (scRNA-seq) studies,
ovarian CSCs are thought to represent only 1% of cells
within EOC tumors (28). Once thought to be a static entity,
there are now data to support that CSCs exist in a dynamic
state in which “stemness” can be induced by exogenous
factors, importantly by the extracellular matrix (ECM) and
stromal cells surrounding the CSC, in what is commonly
referred to as the CSC “niche” (29). This induction of
stemness is an epigenetic event referred to as the epithelial-
mesenchymal transition (EMT). EMT, which can occur
in both cancer and non-cancer settings (e.g., wound
healing), is marked by the following epigenetic changes: (I)
morphological changes, (II) decrease in cell-cell junctions,
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(I1I) loss of cell polarity, (IV) gain of cell motility, (V)
degradation/reorganization of ECM, and (VI) expression of
a coordinated program of genes (30). Since these changes
are critical to metastasis, EMT is a critical factor in cancer
metastasis. Therefore, rather than simply targeting CSCs
per se, there is an increasing focus on targeting factors
that contribute to the EMT and, in turn, the induction of
stem-like phenotype that is associated with tumorigenesis,
metastasis, and chemoresistance (30).

Studies have shown that pro-inflammatory cytokines
can stimulate the CSC phenotype. For example, Xiang and
colleagues (31) showed that IL-17, produced by various
immune cells in the tumor microenvironment [CD4+ T
cells, CD68+ macrophages, tumor-associated macrophages
(TAMs)], acts on its receptor (IL-17R), which is expressed
on CD133+ CSCs. This promotes a CSC phenotype,
thereby contributing to chemoresistance insofar as CSCs are
chemoresistant. Activation of IL-17R leads to tumorigenesis
in an NFkB/p38/MAPK-dependent signaling pathway (31).
There is evidence that CSCs can also induce an
inflammatory cytokine profile in macrophages that creates a
feed-forward process of CSC self-renewal (32). Additionally,
treatment with standard chemotherapy enriches for CSCs.
Studies have shown that exposure of an ovarian cancer cell
line to cisplatin induces a CSC phenotype, as assessed using
a functional assay in which a reporter gene is driven by the
CSC-relevant NANOG promoter (12,33,34).

These findings provide insights on into the role of CSCs
in EOC and development of chemotherapeutic resistance.
CSCs directed therapies have the potential to overcome
some of the limitations of current chemotherapeutic
strategies by directly targeting an inherently chemoresistant
tumor-associated cell type.

Targeting CSCs therapeutically has been a challenge
since they bear many overlapping features with non-
cancerous cells, making for a narrow therapeutic window.
An additional challenge is that CSCs exist in a dynamic
state between differentiated cells and CSCs. The plasticity
and heterogeneity of CSCs—i.e., the extent to which
they exist in a dynamic state, influenced by the tumor
microenvironment—also pose a therapeutic challenge (27).
In a recent review, Saygin and colleagues summarized
clinical trials (mostly phase I-1I studies) that have examined
agents that target either CSC antigens (e.g., EpCAM,
CD123, CD47) or CSC-relevant signaling pathways
(Hedgehog, Notch, Wnt, TGFbeta signaling) in various
cancer types. Targeting the stromal cells of the tumor
microenvironment and/or the factors that they release to
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drive EMT may therefore be a more successful strategy,
since they are known to influence stemness (27).

MicroRNAs & exosomes

MicroRNAs are non-coding RNA molecules that are
about 22 nucleotides in length and regulate diverse
cellular functions through post-transcriptional repression
of various gene products. Due in part to their small size,
they can act on many gene targets simultaneously, and
thus post-transcriptionally regulate expression programs
in a coordinated manner. They have been implicated in
both cancer pathogenesis as well as the development of
chemoresistance and have therefore been the focus of
therapeutic development (35,36). In ovarian cancer, they have
been implicated in chemoresistance insofar as they regulate
expression of MDR transport proteins that function in efflux
of chemotherapy drugs as well as non-transporter genes (37).
In general, the various implicated miRNAs can be classified
into those that regulate: ABCB1 (miR-27a, miR-451, let-7g,
miR-186), tubulin gene (TUBB3; miR-200), EMT pathways
(miR-20a), and ERCC2 (miR-770-5p) 37).

Exosomes are relatively stable structures that are found
in various body fluids and contain miRNA, mRNA, and
proteins. Exosomes, along with other extracellular vesicles,
are detected in ascites both at the time of diagnosis and
at recurrence in patients with advanced ovarian cancer.
Although their physiology is still being delineated, evidence
is accumulating that miRNA are contained in exosomes
and trafficked in a paracrine fashion from tumor cells to
other cells to effect metastasis, disease progression, and
chemoresistance. MicroRNA contained within exosomes
are the focus of efforts to use them as both predictive
biomarkers (i.e., exo-miRNA signatures to predict response
to therapy) and prognostic biomarkers (i.e., exo-miRNA
signatures to predict development of chemoresistance) (37).
Some studies have shown that these nanovesicles contain
enzymes such as matrix metalloproteinases that can alter
the extracellular matrix, facilitating metastasis and invasion
(38-40). The proteins that are contained within exosomes
in patients with ovarian CA can be categorized into:
adhesion, angiogenesis, metabolism, and proliferation.
Sinha and colleagues (41) performed a proteomic analysis
on ascites fluid-derived exosomes and found enrichment
in signaling pathways, secreted proteins, and biomarkers,
whereas exosomes were deplete of nuclear, cytoplasmic, and
intracellular proteins. These observations suggest utility
of exosomes in biomarker discovery however, there is also
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evidence that exosomes act on immune cells within the
tumor microenvironment (42).

Various exo-miRINAs have been linked to chemoresistance.
Au Yeung and colleagues (43) showed that exo-miR21
derives from tumor stromal cells—CAFs and cancer-
associated adipocytes—and delivers miR21 to nearby ovarian
cancer cells, where it confers chemoresistance. Using a
combination of cellular models (including mouse embryonic
fibroblasts derived from knock-out mice that lack miR21
expression) and animal models, they showed that miR21
confers paclitaxel chemoresistance by targeting expression
of APAF1, a component of the apoptosome (43). Weiner-
Gorzel et al. and colleagues (44) showed that miR-433
confers chemoresistance to paclitaxel by altering metabolism
to promote cellular senescence in a CDK6-dependent (44).
They also showed that paclitaxel-sensitive cells became
paclitaxel-resistant when they were exposed to exosomes
containing miR-433, highlighting the ability of exo-miRNAs
to communicate with and alter the chemosensitivity of other
cells (44).

Feng and colleagues (45) showed exosomes secreted
by the primary tumor can act on distant sites to condition
the environment to be receptive to metastasis. Preparation
of the pre-metastatic niche requires subsequent signaling
among a variety of cell types—immune, vascular, epithelial
cells—and via a variety of signaling pathways. Cross-
talk within this network leads to remodeling of stroma to
support metastasis. Part of this process involves creating
an immune environment that is welcoming to tumor
metastasis, namely an immunosuppressive environment.
Exosomes isolated from ascites have been shown to suppress
T-cell activation (46) via alteration of inflammatory
cytokines among other mechanisms (47). Part of optimizing
a pre-metastatic niche also involves rearrangement of
the regional vascular supply so that it can support the
subsequent tumor growth demand. Exosomes have been
implicated in this process of altering angiogenesis by
modulating VEGF signaling.

Just as pre-metastatic niche preparation involves
altering the function of immune cells within the tumor
microenvironment, it is also necessary to change the
phenotype of other stromal cells, such as fibroblasts.
Exosomes have been shown to convert fibroblasts to CAFs.
"This leads to signaling via TGF-b, S100A4, SDF-1a, matrix
metalloproteinase, and fibronectin—that ultimately promotes
extracellular matrix (ECM) remodeling to promote tumor
metastasis. Similarly, exosomes can alter the phenotype
of macrophages—converting them into tumor-associated
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macrophages (TAMs)—so that they are more welcoming
of metastases by contributing factors that promote an
immunosuppressive tumor environment (48). Many of these
signaling pathways overlap with those induced by CAFs—
TGF-b, S100A4, SDF-1, VEGE STAT3 (48).

Chemoresistance—a moving target

Chemoresistance refers to a cell’s ability to survive the
cytotoxic insults of chemotherapy. In clinical practice in
EOC, chemoresistance is typically framed in terms of
platinum resistance since platinum is the most effective
known agent in EOC. Platinum resistance is defined as
disease recurrence within 6 months of completion of front-
line treatment (i.e., chemotherapy that is given at the time of
initial diagnosis, rather than second-line chemotherapy that
is given at the time of diagnosis of recurrence). Recurrent
platinum-sensitive recurrent EOC is defined as disease
that recurs 6 months or longer after completion of front-
line treatment (11). As such, the definitions do not take into
account any molecular changes that occur within cancer
cells or the tumor microenvironment. As such, the clinical
definition of chemoresistance is crude in that it does not take
into account any molecular biology of the cancer cells or
tumor microenvironment, however it is a useful prognostic
definition in the clinical setting. Nonetheless, this bipartite
categorization does effectively define prognosis in EOC, with
survival directly correlating with time to recurrence (i.e.,
degree of platinum sensitivity). This is demonstrated in a
recent study by Rose and colleagues (49), in which a survival
nomogram was developed based on outcomes from multiple
modern randomized clinical trials of EOC in which platinum
agents were used. Patients with disease recurrence within
6 months had a median overall survival of 9.8 months,
whereas patients with recurrence after 24 months had a
median survival that ranged from 33 to 45 months (49).
Given the difference in prognosis for platinum-resistant
vs platinum-sensitive disease, this definition is frequently
used to establish eligibility criteria for enrollment in clinical
trials. The goal of defining platinum-resistance is to predict
whether or not a patient would respond to repeat challenge
with a platinum-containing regimen.

Laboratory-based studies define chemoresistance
differently. Chemoresistance is defined by the demonstration
of a cell’s decreasing susceptibility to the cytotoxic effects
of drugs. In transformed cell lines, this is achieved with
repeated treatment with a drug and selection for cells that are
resistant (50). Therefore, there is an important distinction
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between chemoresistance as it is defined clinically and
scientifically, and these definitions of chemoresistance
must be kept in mind when extrapolating findings from
the laboratory to the clinic. Although the term platinum-
resistance is frequently applied, cells that acquire platinum-
resistance are frequently chemoresistant to other agents as
well, both in pre-clinical models and in practice (13,50).

At the cellular level, platinum-resistance has been
attributed to various cellular alterations that broadly
achieve one or more of the following things: (I) increased
efflux of platinum, (II) increased sequestering/conjugation/
inactivation of platinum, (IIT) decreased uptake of platinum,
(VI) increased repair of platinum-induced DNA damage, (V)
increased anti-apoptotic/decreased pro-apoptotic signaling.
Some resistance mechanisms are in fact agent-specific,
such as mutations that develop in tubulin after exposure to
taxanes that resist taxane binding (5,6). These review articles
on chemoresistance frequently categorize mechanisms of
chemoresistance according to whether they are innate (to
the tumor cell) or acquired (after exposure to a cytotoxic
agent). This classification focuses largely on tumor cell-
specific intrinsic changes and does not fully capture the roles
of cells in the tumor microenvironment that also contribute
to chemoresistance. As outlined in this review, pertinent
proposed mechanisms of chemoresistance are cited in
Figure 2. These mechanisms of platinum resistance can be
broadly classified as: (I) platinum buffering, (II) vascular
alterations resulting in decreased platinum delivery, and (IIT)
tissue hypoxia/acidification. Strategies to chemosensitize
or prevent chemoresistance will involve overcoming both
tumor cell-intrinsic and micro environmental (i.e., tumor
cell-extrinsic) mechanisms of chemoresistance.

Chemoresistance signatures

To address whether or not there is a common gene target
in chemo-resistant tumors, Patch ez /. and colleagues (15)
investigated whole-genome sequencing and transcriptome
analysis of patients with HGSOC. They analyzed 114 tumor
samples from 92 patients, that included a mix of primary
platinum-refractory (patients whose disease progressed on
primary therapy or recurred within one month of completion
of primary therapy), platinum-resistant, platinum-sensitive,
and acquired platinum-resistant. Among the recurrent cases
of platinum resistance, they did not detect any gene targets
that were consistently altered. Up-regulation of multi-drug
resistant protein 1 (MDRI), a drug efflux transporter that
has been linked to chemoresistance—was only found in 8%
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Figure 2 Mechanisms of EOC chemoresistance. Schematic demonstrates potential interactions between extracellular signaling molecules

and EOC cell. Potential signaling molecules in the microenvironment include CD36 fatty acid transporter, VEGEF, exosomes, miRNAs,
GST, IL17 and IL17 receptors. EOC, epithelial ovarian cancer; VEGE, vascular endothelial growth factor; GST, glutathione S-transferase.

of their acquired chemoresistance patients. Such a paucity of
consistently altered genes makes a single targeted approach
unlikely to lead to chemosensitization in the majority of
recurrent EOC patients.

If chemoresistance/chemosensitivity can be predicted
for each patient, then this would have multiple benefits.
The therapeutic index of a drug could be maximized so
that patients derive the most benefit relative to the adverse
effects incurred. A chemoresistance signature could also
be used as a basis for drug development to screen drugs
that are more effective for a patient with a chemoresistant
tumor. Some have applied transcriptome-based drug
prediction models to ovarian cancer. For example, Wang
et al. and colleagues (10) applied a drug prediction model
to TCGA transcriptomic data. The identified five putative
drugs that they predicted would have a more robust effect in
chemoresistant tumors. And while a statistically significant
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difference was found in sensitivity, further validation
beyond in vitro experiments is required. There has also been
a move toward identifying molecular signatures for EOC
that can be used to predict chemosensitivity and therefore
prognosis. Tothill ez 2. (51) have outlined four molecular
subtypes of HGSOC: Cl1/mesenchymal, C2/immune,
C4/differentiated, C5/proliferative). Interestingly, these
phenotypes are highly dependent on features of the tumor
microenvironment, particularly the activity of the immune
infiltrate in the tumor.

The difficulty that has been met in attempting to identify
a universal signature of chemoresistance in EOC with
biomarkers has been complicated by the great degree of
heterogeneity in EOC. As mentioned previously, there is
heterogeneity among different tumor histologies, among
tumors of the same histology from different patients, and
even among tumors from different anatomical regions
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of the same patient. This presents a challenge to finding
a unified expression signature that can be utilized either
for predicting sensitivity to certain drugs or for discovery
of novel drug targets. Multiple studies have implicated
multiple individual markers at the protein (52-54), RNA,
or DNA (15,54) levels—see the review by Davidson er al.
and colleagues (55) for examples of such markers. Very few
of these individual markers have been validated in other
studies. At present, these signatures may be able to be used
prognostically (56,57), but fall short of informing rational
chemotherapy selection.

It is also important to keep in mind that the transcriptomic
profiling performed in the TCGA project was bulk RNA
sequencing rather than single-cell sequencing. Therefore,
the role of individual cell types within the tumor cannot be
easily discerned. Expression of the same genes in one cell
type versus another within the tumor microenvironment
may have drastically different effects on tumor growth and
patient outcomes. And while there is prognostic value in
the TCGA data, the inability to understand transcriptomic
derangements on the cell population level within the tumor
microenvironment may underlie the current inability to
translate this information to find drugs that have enhanced
activity in chemoresistant EOC. Single-cell RNA sequencing
studies in the EOC literature are limited and do more to
define cell populations within the tumor microenvironment
than to define a chemoresistance signature.

On the horizon—trends in clinical trials in EOC

The emergence of the tumor microenvironment as a critical
component to EOC chemoresistance and recurrence has
ushered in a new appreciation for the complexity of the
disease and the approach that must be taken to effectively
treat it. Trends in recent/current EOC clinical trials
include: (I) combining standard front-line chemotherapy
with targeted therapies (e.g., anti-angiogenic agents and/or
PARP inhibitors), (I) use of maintenance therapy following
front-line chemotherapy (e.g., anti-angiogenic agents or
PARP inhibitors), and (III) inclusion of immune-targeting
agents into multi-agent therapy (e.g., PD-L1 inhibitors).
It is hoped that these approaches will prove successful
in preventing or reversing chemoresistance and thereby
improve patient survival in this devastating disease.
Although there have been some efforts to therapeutically
target molecules (such as integrins) that underlie metastasis
to certain organs (58). An approach that addresses more
than just metastasis is essential for bringing about survival

© Annals of Translational Medicine. All rights reserved.
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benefit in EOC.
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