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Abstract

Extracellular vesicles (EVs) are a varied group of cell-derived, microscopic, 
fluid-filled pouches released from cells into neighboring microenvironments that are 
quickly gaining recognition as a potentially powerful tool against epithelial ovar-
ian cancer (EOC). Recent studies show that not only do EVs play an integral part in 
the development of cancer through intercellular communication, cell survival, and 
immune modulation but also may assist with early diagnosis and improved treat-
ments. EOC currently has few effective screening options for early detection of this 
disease; and, therefore, it is detected at an advanced stage where it is more likely to 
recur, develop chemoresistance, and ultimately become fatal. Newer research has 
evaluated EVs as biomarkers for early screening and diagnosis and as novel targets for 
treatment of EOC. Moreover, EVs are possible targets for novel immunomodulatory 
therapies to directly target cancer cells or make cancer cells more susceptible to other 
treatment modalities. Therefore, EVs present an exciting, promising approach which 
may improve clinical outcome for EOC patients.

Keywords: extracellular vesicles, exosomes, epithelial ovarian cancer, ovarian cancer, 
diagnosis, prognosis, novel therapy, gynecologic oncology

1. Introduction

Extracellular vesicles (EVs) are a varied group of cell-derived, microscopic, 
fluid-filled pouches that cells release into the neighboring microenvironment. Recent 
studies show that not only do EVs play an integral part in the development of cancer 
through intercellular communication, cell survival, and immune modulation but also 
may assist with the early diagnosis and improved treatment of diseases such as epithe-
lial ovarian cancer (EOC) [1]. EVs are quickly gaining recognition as an important 
enabler of EOC propagation and may potentially serve as a powerful tool in inhibit-
ing and even reversing the progression of this disease. Historically, EOC has been a 
frustrating gynecologic malignancy characterized by its furtive early course that leads 
to an advanced presentation at initial diagnosis with subsequent poor outcomes [1]. 
Public health entities are ineffective at screening for early disease, leaving patients 
with few warnings to herald a lurking predator that affects 1–3% of women through-
out their lifetime [2]. Once an EOC has manifested, the primary treatment options are 
surgery in combination with chemotherapy. While initially effective, these treatments 
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are often fruitless at abating the malignancy due to the persistence of microscopic dis-
ease and the development of chemoresistance [3]. EOC patients desperately need new 
treatments, and EVs may provide an opportunity to gain an improved understanding 
about EOC proliferation and metastasis while hopefully providing novel, effective 
treatments.

1.1 Why is epithelial ovarian cancer so hard to treat, and how can EVs help?

Worldwide, ovarian cancer is the seventh most common malignancy among 
women; and over 280,000 cases were diagnosed in 2012 alone [1, 4]. In the United 
States ovarian cancer is the fifth deadliest cancer among women and is the deadliest 
cancer originating in the female reproductive system [2]. The most common type of 
ovarian cancer is EOC, making up more than 90% of cases [5]. EOC encompasses 
numerous histologic subtypes, including serous, mucinous, endometrioid, and clear 
cell types; additionally, EOC can proliferate rapidly, known as high-grade disease, or 
have a more insidious course, known as low-grade disease [6]. Interestingly, in the 
past decade researchers discovered that high-grade serous EOC originates in the fal-
lopian tubes and then migrates to the ovary; so clinicians treat EOC and fallopian tube 
cancer as the same entity [7]. Additionally, high-grade serous fallopian tube, ovarian, 
and primary peritoneal cancer are all considered the same clinical entity based on 
common behaviors and treatments [8]. The chapter will primarily discuss high-grade 
epithelial ovarian carcinoma of the ovary, fallopian tubes, and peritoneum because it 
is the predominant subtype of EOC and because publications prioritize this subtype 
when studying EVs.

EOC is a difficult disease. When testing detects this malignancy at an early stage, 
80% of these patients are free of cancer at 5 years [8]. However, the early signs of 
EOC are nonspecific and insidious, ranging from abdominal discomfort or pain to 
bloating and early satiety [1]. Unfortunately, these vague symptoms lead to a late 
diagnosis for most patients, with about 80% of patients diagnosed with advanced 
disease that is more challenging to cure [9]. While surgery and chemotherapy are 
initially effective in treating advanced EOC, most patients experience a relapse of 
the cancer that is chemoresistant, with a five-year survival under 30% [5]. Based on 
these grim outcomes, patients need new diagnostic and therapeutic tools to improve 
detection and treatment of EOC.

1.2 Why are EVs so exciting?

EVs are generating excitement within the field of gynecologic oncology because 
they not only help researchers to better understand how cancers grow and spread 
but also because they can assist with the diagnosis and management of EOC at every 
step of the disease course. EOC EVs carry a wide array of information including 
microRNA (miRNA), non-coding RNA, messenger RNA, DNA, lipids, glycans, and 
proteins that play a role in the proliferation and metastasis of this disease. In fact, 
patients with EOC are known to have an upregulation in EV secretion, transforming 
the microenvironment surrounding the cancer and causing normal cells to secrete 
tumorigenic factors [10]. Researchers will someday be able to detect EOC EVs readily 
in blood or urine for early detection of the cancer so that clinicians can treat it at an 
earlier stage, preventing metastasis and resistance to chemotherapy from ever occur-
ring. By understanding the information carried inside of EVs, patients will have access 
to personalized treatment regimens specifically tailored to their cancer. By exploring 
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different ideas, scientists will be able to unlock the potential for EVs to provide 
dramatic breakthroughs in the diagnosis and treatment of EOC.

2. Extracellular vesicles and their role in epithelial ovarian cancer

2.1 What is an extracellular vesicle?

For the past decade the classification of EVs has been based on size, ranging from 
exosomes that are 30–100 nm, microvesicles (MVs) that are 100–1000 nm, and 
apoptotic bodies that are 0.1–5 μm [1]. Exosomes are the smallest EV and appear to 
originate within the lumen of multivesicular bodies [1]. Oncosomes, a subtype of 
MVs, are released by budding from malignant cells [1]. As cells undergo apoptosis, 
they release apoptotic bodies [1]. One factor that limits this classification system is 
that some EVs that function as oncosomes are larger than the typical 100–1000 nm 
and can be as large as 1–10 μm [1]. When trying to isolate and study EVs, it became 
apparent that size did not adequately capture the breadth of heterogeneity among 
EVs with their varied functions and content. In 2019 the International Society of 
Extracellular Vesicles published a recommendation for the use of the term extracellu-
lar vesicle to encompass all types of EVs while still including a subclassification system 
that incorporated size [11]. Therefore, in this chapter the term extracellular vesicle will 
be used. Eventually, the optimal method of classification for EVs will be based on the 
specific phenotype and content of an EV that would better describe its origin and 
function. However, current testing methods and understanding of this topic need to 
be further studied.

2.2 How do extracellular vesicles impact epithelial ovarian cancer?

EVs provide a pertinent target for research because EOC cells exploit EVs for 
intercellular messaging. By hijacking the EV communication system, cancer cells 
distort key biological processes that enhance cancer survival, including angiogen-
esis, immunity, apoptosis, inflammation, migration, invasion, and even activation 
of secretion of tumorigenic factors by stem cells [1]. Malignant cells dramatically 
increase EV synthesis, manipulating crucial intercellular communication, exerting 
control over the tumor’s surrounding environment, and transforming this microenvi-
ronment into a tumorigenic niche that facilitates chemoresistance and progression of 
disease [10]. Since EVs affect many aspects of EOC propagation and spread, they are 
suitable candidates for the development of new diagnostic and therapeutic manage-
ment options.

3. Role of EVs in the diagnosis of epithelial ovarian cancer

3.1 How good are we at diagnosing epithelial ovarian cancer?

With the current tools available, clinicians are unable to reliably identify EOC early 
in its disease course, losing a valuable opportunity at early intervention and higher rates 
of cure. For patients who are diagnosed with EOC at stage I, disease that is confined to 
the ovaries, their five-year survival approaches 90% [2]. Survival drops precipitously 
for women with advanced stages of the disease, which is unfortunately the most 
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common presentation. Attempts at establishing screening systems have certainly been 
investigated, with the United Kingdom famously conducting a randomized controlled 
study in which women were screened for EOC with a combination of serum markers 
and ultrasound [12]. When compared to women who underwent no screening, no 
impact was observed on overall survival from EOC [12]. Based on the results of this 
trial, no screening is currently recommended for the general population because mod-
ern diagnostic tests do not help patients that are diagnosed with EOC live longer and 
these same tests lead more women with benign ovarian diseases to have unnecessary 
procedures because the testing does not distinguish well between benign ovarian disease 
and cancer [12]. EVs present a promising new frontier for EOC screening because they 
are detectable in the serum and urine of patients, providing a potential novel method 
for diagnosing this cancer at an early stage when the patient can be cured more easily.

3.2 MicroRNA in EVs: how can they help to diagnose epithelial ovarian cancer?

One promising method for early cancer detection involves the analysis of EVs 
carrying microRNA, or miRNA, in the blood of patients. As strands of non-coding 
RNA that are 19–25 nucleotides in length, miRNAs are transcription products of DNA 
that regulate genes, a process that can activate or suppress the expression of different 
factors that can promote the growth and metastasis of EOC [1]. While most miRNA 
found in body fluids is cell-free and easily degradable, miRNA that is present in EVs 
is more stable, amplifying the role of this information in intercellular communication 
because it reaches cells more effectively [13]. When normal cells, such as stem cells, 
receive the miRNA from EVs, they produce tumorigenic factors that enhance the 
cancer’s ability to survive and promote invasion and dissemination [1].

When compared to healthy individuals, patients with EOC have levels of certain 
circulating miRNAs carried in EVs that are often elevated [13]. Numerous specific 
miRNAs have already been linked to EOC. For example, miR-222-3p, which Ying et al. 
showed promotes the conversion of normal macrophages into tumor-supporting mac-
rophages through the activation of the SOCS3/STAT3 pathway, is elevated in patients 
with EOC. Once normal macrophages are transformed, they exert immunosuppressive 
effects that assist EOC cells in evading identification while also secreting factors that 
promote migration and growth. Since EV miR-222-3p levels are increased in this can-
cer, its detection in serum can serve as a diagnostic biomarker for early detection [14].

In another study Cappellesso et al. identified elevated levels of EVs with miR-21, 
a known regulator of the tumor suppressor gene programmed cell death 4 (PDCD4), 
in patients with EOC compared to patients with benign ovarian disease [15]. The 
gene PDCD4 typically prevents cancer through the regulation of apoptosis. However, 
in EOC, the increased expression of miR-21 directly inhibits PDCD4, allowing the 
cancer cell to further mutate and to invade other tissues. Similarly to miR-222-3p, EVs 
with miR-21 can enhance diagnostic testing and clinical staging of EOC.

While looking at individual EV miRNAs can provide clues for early detection of 
EOC, their true value will come from evaluating the miRNAs in large groups as diag-
nostic panels that together will provide screening with high sensitivity and specificity. 
In their study Taylor and Gercel-Taylor reviewed a panel of 8 miRNAs found in EVs—
miR-141, miR-214, miR-200a, miR-200b, miR-200c, miR-21, miR-205—that dis-
played distinct biological profiles between patients with benign ovarian disease and 
those with EOC [16]. By utilizing this panel of EV miRNAs and including other EV 
miRNAs, a simple blood sample may serve as a powerful test that can be employed by 
clinicians to apprehend EOC in asymptomatic populations before it lethally spreads.
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Proteins are also transported in EVs and can potentially serve as biomarkers for 
early diagnosis of EOC. One example of these EV proteins is EpCAM, which is recog-
nized for its role in tumorigenesis and tumor proliferation and is elevated in patients 
with EOC. However, the diagnostic utility of EpCAM and other proteins is limited 
because the proteins can be elevated in patients with benign ovarian disease, decreas-
ing the specificity of these markers [16]. If such proteins are then implemented into 
screening protocols, patients may have false-positive test results and may subsequently 
undergo invasive procedures with their associated complications without any benefit.

However, some proteins carried by EVs appear to be specific to EOC. CD24, a 
known poor prognostic marker for EOC, can be detected within EVs in malignant 
ascites of EOC patients [17]. Additionally, about half of the blood samples from a 
cohort of EOC patients contained EV claudin-4, another protein that can potentially 
serve as a diagnostic marker [18]. With the development of new diagnostic panels that 
combine EV proteins and miRNAs, patients will 1 day obtain testing that identifies 
EOC early and gives them a better chance at a cure.

Even easier to obtain than blood, urine is another potentially rich source for EOC 
EVs. Studies have identified numerous EV miRNAs such as miR-92a and miR-30a-5p 
that are elevated in the urinary samples of patients with EOC when compared to 
healthy controls [19, 20]. Specifically, miR-30a-5p is elevated in EOC but decreased 
in other malignancies such as gastric and colon cancer, making it a potentially 
unique biomarker [20]. While EV miRNAs found in urine are a potentially exciting 

Type of EV Content Content

miRNA miR-21

miR-30a-5p

miR-21

miR-92a

miR-141

miR-155

miR-181a

miR-200a

miR-200b

miR-200c

miR-205

miR-214

miR-222-3p

miR-223

miR-486

miR-1908

Protein CD24

EpCam

Claudin-4

Table 1. 
Potential panel of EV biomarkers for the diagnosis of epithelial ovarian cancer [1, 16, 17, 19, 20, 22].
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biomarker for diagnosing EOC, more research is required to further take advantage of 
this easily accessible opportunity.

While these many EV factors provide appealing options for future diagnostic 
applications, some barriers hinder the utilization of EVs in the clinical setting. 
Current methods for isolation and purification of EVs are still constrained, relying on 
identification of these vesicles by size, a non-specific criterion that does not distin-
guish EVs from large proteins and other types of vesicular structures. The purification 
process involves ultracentrifugation, a process that is inefficient and cumbersome, 
especially for serum samples [21]. Also, current methods of molecular identification 
are limited by the small size of EVs as well as by the difficulty in detecting the EV 
content [21]. Once scientists solve these issues and answer other questions regarding 
the viability and concentration of EVs in blood and urine samples, the detection of 
EOC EVs will bolster the strength of diagnostic tools (Table 1).

4. Role of EVs in the prognosis of epithelial ovarian cancer

EVs are positioned to provide valuable prognostic information for EOC because 
current prognostic tools struggle to accurately predict an individual’s disease course 
and response to treatments. If there was a better understanding of how a patient’s 
particular cancer would grow and which medicines would be effective against it, 
providers would better optimize treatment strategies that would extend a patient’s 
life and even grant a better opportunity for cure. Currently, the prognosis for EOC is 
estimated based on generalized characteristics about this disease process within the 
context of the patient’s health status and medical history [8]. Some factors include 
age, stage of the cancer at the time of diagnosis, and performance status [8]. In recent 
years genetic research has played a significant role in patient prognosis. BRCA muta-
tions, a pathologic process that affects the repair of double-strand DNA breaks, place 
patients at increased lifetime risk for EOC but also confer an improved prognosis 
for EOC especially with new therapies that are targeted toward patients with these 
mutations. While these factors provide some helpful guidance regarding a patient’s 
treatment outcomes, neither providers nor patients can accurately predict how an 
individual patient’s EOC will respond to therapies. However, with EVs new factors are 
being identified that can help in better understanding which patients will respond 
to certain therapies and what personalized treatment regimens will best address 
the cancer.

An important part of caring for patients with EOC is selecting the best treatment 
for their specific tumor. When determining a patient’s clinical management, the avail-
able prognostic information offers limited value in guiding clinicians about how to 
best care for their patients. However, novel therapeutic agents are demonstrating the 
need for refined prognostic tools that can identify a particular tumor’s sensitivity or 
resistance to certain treatments. For example, the breakthrough use of PARP inhibi-
tors for the treatment of EOC over the past decade served as an important demonstra-
tion of the necessity to discover new patient factors that facilitate targeted treatments 
[23]. In cancer cells with impaired repair of double-stranded DNA breaks, also known 
as homologous recombination deficiency (HRD), PARP inhibitors promote double-
stranded breaks through the inhibition of secondary single-stranded DNA repair 
that triggers apoptosis [23]. When EOC with HRD is treated with a PARP inhibitor, 
these patients experience a significant improvement in the management of their 
cancer. Therefore, patients with EOC are now tested for homologous recombination 
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deficiency [23]. While PARP inhibitors are clearly a success, patients need new 
biomarkers for individualized treatments; and EVs can be these new targets.

EOC quickly becomes resistant to front-line chemotherapy regimens, but it is 
currently not possible to predict which patients will develop chemoresistance [16]. 
Evidence from multiple studies suggest that EVs can predict which patients will have 
a tumor that is sensitive to chemotherapy [1]. For example, Yan studied a cohort of 
50 patients and demonstrated an increase in serum EV annexin A3 levels, a protein 
involved in exocytosis and vesicle trafficking, among patients with resistance against 
primary chemotherapy drugs when compared to patients that are still sensitive to 
those chemotherapies [24]. In a second study protein RAB7A functioned as a potential 
mediator of chemoresistance [25]. Functioning as a key regulator of the influx of 
chemotherapy agents into cells, RAB7A is downregulated in chemoresistant cells, 
potentially affecting drug sequestration [25]. Finally, some groups are studying serum 
panels of EV miRNAs that are associated with chemoresistance and include miR-181a, 
miR-1908, miR-21, miR-486, and miR-223 [22]. Together, these different EV molecu-
lar targets may serve as prognostic biomarkers to identify chemoresistance in patients 
with EOC and help tailor the appropriate medication combination for each patient.

5. Can extracellular vesicles inspire novel cancer therapies?

Based on its role in tumor invasion, chemoresistance, angiogenesis, cancer metas-
tasis, and immunologic suppression, EVs present a promising opportunity to target 
important regulators of EOC progression and to mobilize the immunologic response 
to combat the malignancy. EVs and associated miRNAs are generating excitement as 
novel therapeutic targets for drug development.

5.1 EVs as a drug delivery system

EVs can be employed as a drug delivery system that targets cancer cells directly. 
Harboring packages of chemotherapeutic agents, the EVs can be manufactured to 
express cell surface antigens and receptors that target it toward cancer cells and spare 
normal cells, maximizing cytotoxic effect while sparing healthy tissue. In recent work 
Tang developed a model in which they incubated tumor cells with chemotherapy; and 
the tumor cells subsequently packaged the chemotherapy into EVs [26]. Tang’s group 
then took these EVs and demonstrated tumor-killing effect in mice with minimal 
side effects [26]. Therefore, if researchers translate this murine model into a therapy 
for EOC patients, EVs can be customized to carry the antitumor agents that are 
effective for a particular tumor. While chemotherapy affects tumor cells, it is also a 
treatment that damages healthy tissue, causing patients to experience a wide range of 
side effects. By having a treatment that can precisely target cancer cells while sparing 
normal tissues, clinicians could safely administer treatments to patients that could 
control or even cure EOC while avoiding harm.

5.2  Why are EVs so important in establishing the tumor microenvironment?  
Can the microenvironment become a target for new treatments?

In developing new therapeutic targets, one key area of focus is the immediate, 
small-scale environment surrounding cancer cells known as the microenvironment. 
The tumor microenvironment includes the extracellular matrix, neighboring blood 
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vessels, stromal cells such as macrophages and fibroblasts, stem cells, signaling mol-
ecules, and immune cells [22]. For EOC the microenvironment becomes an integral 
component for drug targeting because of the role that it plays in protecting the tumor 
from chemotherapy and the immune system as well as in promoting proliferation, 
invasion, and metastasis. By targeting EOC EVs that transform healthy tissue into this 
tumorigenic niche, researchers will enhance the effectiveness of current treatments 
by reversing chemoresistance as well as limit the deadly growth and spread of this 
disease (Figure 1).

EVs derived from EOC cells promote the transformation from a normal microenvi-
ronment into a tumorigenic one through intercellular communication that stimulates 
angiogenesis, immune suppression, and stromal invasion [27]. Specifically, altered 
expression of miRNA such as miR-214, miR-31, and miR-155 has been linked to the con-
version of fibroblasts, a support cell within the connective tissue, into cancer-associated 
fibroblasts (CAFs)— cells that participate in cancer propagation, support of the tumori-
genic microenvironment, alteration of the extracellular matrix, and metastasis [1]. The 
CAFs then produce EVs enriched with TGFβ1 that then trigger the invasive properties 
of the tumor. With almost deliberate malintent, the cancer cells drive their own invasive 
potential by directing the formation of CAFs that provide the necessary growth factors 
that allow the malignancy to spread. Following treatment with cisplatin, a frontline 
chemotherapy agent, EOC cells release EVs that promote tumorigenic activity of mes-
enchymal stem cells that eventually stimulate cancer progression [28]. By developing 
therapies targeted at these factors that transform the healthy tissue surrounding cancer 
into the tumorigenic microenvironment, scientists can inhibit the cancer’s ability create 
its own protective environment that fuels its ability to grow and invade.

5.3 EVs and chemoresistance

Among the many challenges limiting the treatment of EOC, resistance to stan-
dard chemotherapy regimens exists as a frustrating inevitability in most patients 

Figure 1. 
The interaction between EOC cells and their microenvironment. Cancer cells release EVs that instruct normal 
cells to produce EVs that support cancer growth and invasion while also facilitating the development of 
chemoresistance and protection from the immune system [1, 2].
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with advanced disease; and EVs seem to play an integral role in this process. As the 
 first-line regimen for EOC, platinum-based chemotherapy is the most effective 
treatment for EOC; yet 80% of patients with advanced EOC relapse, most within 
2 years [3]. Following recurrence of the cancer, most people develop chemoresistance 
and succumb to the disease. An EOC that is platinum-resistant is defined as disease 
that recurs or progresses within 6 months of completion of the last treatment with a 
platinum-based regimen. Once a patient’s cancer reaches this state, expectations for 
disease control change, with low response rates to subsequent chemotherapies and a 
median survival falling below 12 months [3].

While platinum resistance is a complicated, multifactorial process that still 
needs further elucidation, EVs may help to better understanding this transforma-
tion. EOC EVs function as an intercellular communication system. Interestingly and 
frighteningly, EVs excreted by platinum-resistant tumor cells are capable of inducing 
resistance in other tumor cells [29]. While this mechanism is not well understood, 
once the EVs that mediate this process are better defined, they can become targets for 
possible therapeutic intervention. Furthermore, by understanding the EV content 
that conveys chemoresistance between cancer cells, scientists can alter the EVs to send 
information directly to tumor cells that reverses this resistance, allowing first-line 
treatments to again become effective.

The cytotoxic effect of platinum-based drugs such as cisplatin relies on the uptake 
of the chemotherapy into cells followed by DNA binding, leading to the formation of 
DNA crosslinks and breaks that result in apoptosis [3]. In patients that develop plati-
num resistance, some of their cancer cells exhibit reduced uptake or increased efflux of 
platinum agents, a process that EVs may facilitate [1, 3]. Transport proteins that have 
been implicated in this mechanism of drug resistance such as the lysosomal proteins 
ATPase copper-transporting alpha and beta have been found in EOC EVs, allowing 
cancer cells to survive against chemotherapy [22]. Is it possible to negate the effect of 
these EVs through targeted therapies? By disrupting this EV communication system 
with antibodies or other novel therapies, researchers can provide hope to these patients 
by overcoming chemoresistance and making their chemotherapy more effective.

5.4 EVs and immunosuppression

One important technique that allows EOC to proliferate and spread is the ability 
to suppress the immune system. By further understanding the elaborate underlying 
mechanisms through which EOC EVs dampen immunity, researchers will be able to 
block immune escape by the cancer cells, producing new treatments. By preventing 
immune suppression within the tumorigenic microenvironment, ovarian cells that 
were previously protected within this nurturing space would be freshly susceptible to 
immune cells that could find and eliminate the cancer cells [1].

Given the significant promise for novel treatments for EOC that reactivate the 
suppressed immune system, studies are already underway that target EOC EVs. 
One therapy utilizes dendritic cells as a map that directs the immune system toward 
the cancer. In one study these dendritic cells, known for presenting specific foreign 
antigens to the immune system for identification and targeting, were exposed to 
EVs isolated from the ascites of EOC patients [1]. The dendritic cells then presented 
tumor-specific antigens from the cancer EVs to resting T cells that subsequently 
differentiated and then killed EOC cells [30]. Dendritic cells may be harvested 
from a patient with EOC, cultured with isolated EOC EVs, and then reintroduced 
to the patient as an autologous injection that then directs the patient’s own T cells to 
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eradicate the cancer. This concept elegantly demonstrates the potential for unleashing 
the immune system on cancer cells using EVs.

Another interesting avenue for treating EOC is through the utilization of immuno-
globulins that directly target EVs. The serum of patients with EOC is more immuno-
logically reactive when compared to the serum of healthy patients and patients with 
benign ovarian disease, indicating a robust immune response against the malignancy. 
As many studies have proven before, the natural immunoreactivity that the human 
body mounts against EOC is insufficient because the cancer employs tactics to evade 
the immune system, a process in which EVs play a significant role [22]. While immune 
evasion is a hallmark characteristic of EOC, the immune system may be mobilized 
against the cancer by findings ways to target EVs with immunoglobulins. Researchers 
can develop antibodies that specifically target EOC EVs, tagging them for the immune 
system so that they can be destroyed, effectively dismantling the vital EV communi-
cation system for the cancer cells and limiting the cancer’s ability to grow and spread. 
While this novel use of EVs is exciting, more research is needed to use this method. 
Mainly, scientists need to better characterize EVs to develop targets for immunoglob-
ulins. Also, it is difficult for antibodies to target the content within EVs because it is 
protected by the vesicular walls, so proteins on the vesicle wall may provide a unique 
target for the antibodies. As scientists better understand the unique protein signatures 
of EOC EVs, immunity-based therapeutics may provide promising new avenues for 
treating these patients.

5.5 EVs and angiogenesis

Angiogenesis, a vital component of cancer proliferation and progression, has 
become an important focus in the care of patients with EOC. Ovarian cancers have 
previously been recognized for their role in promoting angiogenesis; so, by targeting 
these specific EVs in combination with other antitumor treatments, more effective 
regimens may be developed for combating this cancer. In the study GOG 218, Burger 
et al. conducted a clinical trial in which they incorporated a vascular endothelial 
growth factor (VEGF) inhibitor into the standard primary chemotherapy regimen 
for advanced EOC [31]. While patients on the VEGF inhibitor experienced a longer 
period of progression-free survival, they did not live any longer when compared to 
those who did not receive the treatment. While the inhibition of VEGF, a family of 
proteins recognized for stimulating the formation of blood vessels, clearly has some 
effect on tumor growth, other factors appear to be at play that limit the effectiveness 
of this therapy. One explanation is that EVs play a role in angiogenesis that circum-
vents the use of VEGF. Ovarian cancer-derived EVs that contain proteins such as 
CD147, metastasis-associated protein 1, and activating transcription factor 2 appear 
to have a key effect on angiogenesis that promotes cancer proliferation [32, 33]. A 
treatment for EOC could include antibodies or some other novel therapy that targets 
cancer EVs that carry these proteins that stimulate angiogenesis and then eliminate 
the ability for the cancer to develop its own blood supply.

Another appealing area of active research is the study of common dietary 
supplements that may have antiangiogenic properties through the production of 
antiangiogenic EVs. A promising supplement, Amla extract, derived from the Indian 
Gooseberry tree, has long been suspected to have cancer preventative properties [34]. 
One recent study tested the supplement on EOC cells and noted increased expression 
of EV miR-375 which appears to block the proangiogenic proteins SNAIL1 and IGF1R 
[34]. With a better understanding of the mechanism of this supplement and many 
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others, scientists may 1 day provide dietary recommendations that can enhance a 
patient’s standard chemotherapy regimen or even derive a novel pharmacologic treat-
ment that blocks blood vessel formation, helping to better destroy EOC cells [4].

6. Conclusion and clinical relevance

EOC remains a disease with a generally poor prognosis due to its asymptomatic 
early stages, ineffective screening mechanisms, and its predilection to develop 
chemoresistance with recurrence of disease. EVs are exciting within the field of EOC 
research because they provide the potential for many interventions that can save the 
lives of patients, ranging from diagnosing the cancer at earlier stages, identifying 
the optimal treatment for each individual patient, and even developing novel thera-
peutics that are more effective than the current regimens. With the ineffectiveness 
of screening tests, panels of EVs that can be detected in blood or urine provide hope 
for highly sensitive and specific tools that can give an accurate diagnosis of cancer 
in asymptomatic patients. Alternatively, by exploiting EVs to overcome chemoresis-
tance, clinicians can redeploy existing treatments that typically become obsolete dur-
ing a patient’s disease course. The demand for new diagnostic tools and therapies for 
patients with EOC is high, and EVs can be the next frontier for seemingly  miraculous 
advancements in cancer care.
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