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Abstract

Neuroblastoma is a solid tumor (a lump or mass), often found in the small glands on top of the 

kidneys, and most commonly affects infants and young children. Among neuroblastomas, high-

risk neuroblastomas are very aggressive and resistant to most kinds of intensive treatment. 

Immunotherapy, which uses the immune system to fight against cancer, has shown great promise 

in treating many types of cancer. However, high-risk neuroblastoma is often resistant to this 

approach as well. Recent studies revealed that small vesicles known as exosomes, which are 

envelopes, could deliver a cargo of small RNA molecules and provide communication between 

neuro-neuroblastoma cells and the surrounding cells and trigger metastasis and resistance to 

immunotherapy. In this chapter, we describe the role of exosomes and small RNA molecules in the 

metastasis and regression of neuroblastoma and the potential therapeutic approaches to combat 

this menace.
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5.1 Neuroblastoma

Neuroblastoma is an embryonal tumor of the autonomic nervous system. This means that the 

origin of a cell is preceded to be developing immaturely in the neural-crest tissues [26, 29]. 

Neuroblastoma is the most common solid tumor found in infants and children. They account 

for almost 8–10% of all childhood tumors. The median age of diagnosis with neuroblastoma 

is 17 months [22]. Almost 15% of all deaths that are related to this cancer are in pediatrics 

[26, 29]. Almost 500 new cases are reported every year [26, 29]. 90% of cases are usually 

diagnosed before the age of five, and 30% of those are within the first year of life [11]. 

Neuroblastoma has been found to be more prevalent in males compared to females [26, 29], 

and the occurrence of neuroblastoma is unusual in adolescents and adults. 95% of all 

neuroblastomas occur in children under five years of age [11]. However, cases have been 

detected pre-birth, during an ultra-sound examination. Many patients diagnosed with 

neuroblastoma have shown to undergo immense relapse of neuroblastoma. In infants, the 

prognosis is very good, while it is somewhat at a disadvantage in older children. The patient 

outcome with the diagnosis of neuroblastoma has improved over the last 30 years. The 5-

year survival rates in low- and medium-risk patients vary from 52% to 74% [26]. There is a 

prediction that around 50–60% of patients diagnosed with high-risk neuroblastoma will 

relapse [26]. The tumors begin in tissues of the sympathetic nervous system. This may cause 

a mass in the neck, chest, abdomen, or pelvis. A mass can either cause no symptoms or may 

progress into a tumor that causes severe illness. The diagnosis of neuroblastoma is 10.2 

cases per million children under 15 years of age, and it is the most common cancer 

diagnosed during the first year of life [21, 26].

5.2 Exosomes

Exosomes are small extracellular vesicles secreted from cells and have lately attracted the 

attention of researchers worldwide owing to their critical role in intercellular signaling and 

disease. These are nanoparticles ranging from approximately 30–100 nm in size [41]. 

Exosomes are released out of the cell into the extracellular surrounding after multivesicular 

bodies (MVBs) fuse with the cellular membrane. All biological fluids tested have been 

shown to contain vesicles, including in vitro grown cell lines, which have also been shown to 

release vesicles to different extents. Canonical exosomes display a particular biconcave or 

cup-like shape when produced by artificially drying during preparation, while they appear 

spheroid in solution under a transmission electron microscope [31]. Typically, they have a 

density range from 1.13 g/mL (B cell-derived exosomes) [31] up to 1.19 g/mL (epithelial 

cell-derived exosomes) [31] on sucrose gradients.
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Exosome biogenesis begins within the endosomal system. The early endosomes grow into 

multivesicular bodies (MVBs). During this process, the endosomal membrane encloses to 

generate intraluminal vesicles (ILVs) in the lumen of the organelles [15, 21]. The protein 

sorting of ILVs is a highly regulated mechanism that is dependent on the endosomal sorting 

complex required for transport (ESCRT) machinery [24] or ESCRT-independent mechanism 

[16]. Both pathways are not entirely separated. ESCRT has four different protein complexes: 

ESCRT-0, ESCRT-1, ESCRT-2, and ESCRT-3 [32].

The ESCRT mechanism is initiated by recognition and sequestration of ubiquitinated 

proteins to specific domains of the endosomal membrane via ubiquitin binding subunits of 

ESCRT-0. After interaction with ESCRT-I and -II complexes, the total complex will then 

combine with ESCRT-III, a protein complex that is involved in promoting the budding 

processes. Finally, following cleaving the buds to form ILVs, the ESCRT-III complex 

separates from the MVB membrane with energy supplied by the sorting protein Vps4 [32]. 

Despite the controversy of whether exosome release is an ESCRT-regulated mechanism, 

different ESCRT components and ubiquitinated proteins have already been identified in 

exosomes isolated from various cell types. Additionally, the typical exosomal protein Alix, 

which is associated with several ESCRT (TSG101 and CHMP4) proteins, has been reported 

to participate in endosomal membrane budding and abscission, as well as exosomal cargo 

selection via interaction with syntenin [32]. These observations led to a hypothesis 

implicating ESCRT function in exosomal biogenesis. ESCRT-independent manner depends 

on raft-based microdomains for the lateral segregation of cargo within the endosomal 

membrane. These microdomains are thought to be highly enriched in sphingomyelinases, 

from which ceramides can be formed by hydrolytic removal of the phosphocholine moiety 

[32]. Ceramides are known to induce lateral phase separation and coalescence of 

microdomains in model membranes. Moreover, the cone-shaped structure of ceramide might 

cause a spontaneous negative curvature of the endosomal membrane, thereby promoting 

domain-induced budding.

Consequently, this ceramide-dependent mechanism emphasizes the key role of exosomal 

lipids in exosome biogenesis [32]. Proteins, such as tetraspanins, also participate in exosome 

biogenesis and protein loading. Tetraspanin-enriched microdomains (TEMs) are ubiquitous 

specialized membrane platforms for compartmentalization of receptors and signaling 

proteins in the plasma membrane [32]. It has been shown that TEMs, together with 

tetraspanin CD81, plays a key role in sorting target receptors and intracellular components 

toward exosomes [32]. Exosomes play a critical role in physiological and pathological 

settings, strategies that interfere with the release of exosomes; and the impairment of 

exosome-mediated cell-to-cell communication could potentially be used in the future [32]. 

The general structure of the exosome molecule is given in Fig. 5.1.

5.3 Neuroblastoma and Exosomes

The majority of neuroblastoma deaths occur within two years of diagnosis due to the 

aggressiveness of the cancer. Exosomes are released by many cell types and transfer their 

molecular cargo to the target cells, thereby modulating the signaling pathways in the 

recipient cells. Fibroblasts, endothelial cells, and infiltrating immune cells are the major cell 
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types within a tumor microenvironment that interacts with tumor cells by exosome signaling 

[7]. The consequences of these interactions depend on the origin of the exosomes 

determining the exosome cargo. Stressful conditions such as hypoxia, starvation, and 

acidosis increase exosome release from malignant cells leading to tumor microenvironment 

alteration and expansion, which subsequently results in tumor progression. Several pieces of 

evidence show that the major mechanism involved in tumor progression is the role of tumor-

derived exosomes in cellular communication. Cancer cell-derived exosomes operate 

numerous functions. These include angiogenesis, anti-tumor immune responses, and 

metastatic ability, whereas the non-cancer cell-derived exosomes function by promoting the 

inhibition of malignant cells [5, 25, 27]. A transmission electron microscopy image of the 

exosome, showing 95-nm size, enclosed by a lipid bilayer, isolated from neuroblastoma 

(CHLA-255) cell culture supernatant is given in Fig. 5.2.

Nearly 20–30% of neuroblastoma cases are associated with the amplification of N-Myc 

oncogene, which are considered as high risk. Even though it is known that exosomes 

secreted from N-Myc-amplified neuroblastoma cells contain a tumor-specific signature, it is 

not known whether exosomes derived from N-Myc-amplified neuroblastoma cells can 

transfer the aggressive phenotype including chemoresistance between the cells. To test this, 

exosomes were isolated from derived N-Myc-amplified cancer cells and added to the non-

Myc-amplified cell culture, and their properties studied. Addition of exosomes to the non-N-

Myc-amplified cells induced migration, colony-forming abilities, and protected the cells 

against doxorubicin-induced apoptosis. This suggests that exosomes derived from N-Myc-

amplified cancer cells can transfer the aggressive phenotype to the neighboring cells, thereby 

aiding in cancer progression. Proteomic analysis of N-Myc-amplified cancer cell exosomes 

showed enrichment of TGS101, FlOT1, and VPS35. In addition, exosomes of N-Myc-

amplified cells are also enriched in signaling proteins such as NEDD4, β-catenin, and RhoA 

[10, 14].

In addition to proteins, exosomes carry various molecules, including mRNAs, DNA, and 

microRNAs (miRNAs). MiRNAs play a significant role in the regulation of genes. MiRNAs 

work by inhibiting the translation of messenger-RNAs (mRNAs) or inducing mRNA 

breakdown by binding to the 3′-untranslated region (UTR) of the mRNAs [6]. The primary 

function of the miRNAs is the downregulation of gene expression. Recent studies on NB cell 

line exosomes explored the several miRNAs in them, and functional studies of these 

miRNAs revealed their profound influence on the target cells. Challagundla et al. purified 

exosomes from neuroblastoma cell lines (SK-N-B(E)2, CHLA-255, and IMR-32) and 

quantified the content of miR-21, miR-29a, and miR-155 by quantitative real-time PCR. 

Among these miRs, miR-21 and miR-29a are implicated in inflammatory reactions in lung 

cancer; miR-155 is induced during macrophage inflammatory response. In NBL cell line 

exosomes, miR-21P has been shown to be the top represented miRNA [7]. Monocytes on co-

culture with the neuroblastoma cell lines revealed that miR-21 is transferred to human 

monocytes through exosomes. In monocytes, miR-21 induces upregulation of miR-155 

levels in a Toll-like receptor-8 (TLR8)-dependent manner, and miR-155 is transferred from 

monocytes to neuroblastoma cells through exocytic vesicles. Exosomal targeting of miR-155 

in NBL cell lines leads to the downregulation of TERF1 mRNA, an inhibitor of telomerase, 

thereby leading to increased telomerase activity. Higher telomerase activity is commonly 
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associated with chemotherapy resistance in neuroblastoma patients through a novel 

exosomic miR-21/TLR8-NF-κB/miR-155/TERF1 signaling pathway [7]. The functional 

transfer of exosomal miRNAs from neuroblastoma cell to the surrounding monocyte and the 

development of chemotherapy resistance are given in Fig. 5.3.

Pericytes are a type of fibroblast-like cells, capable of tumor homing and constitute one of 

the main components of the tumor microenvironment. Pericytes were first named as 

adventitial cells by Rouget in the nineteenth century and named as pericyte by Zimmermann 

in 1923. Pericytes are located within the basement membrane of the on-blood vessel walls, 

thus regulating blood flow, blood vessel permeability, and stabilization of the vascular wall. 

However, how many types of pericytes present and their role on the development of 

angiogenesis are not known until Birbrair et al. discovered a mechanistic approach in 2014 

using a series of in vitro and in vivo experimentation involving a double transgenic Nestin-

GFP/NG2-DsRed mice [4]. The authors identified two pericyte populations: type 1 pericytes 

expressing Nestin-GFP(−)/NG2-DsRed(+)] and type 2 pericytes expressing Nestin-GFP(+)/

NG2-DsRed(+). These pericyte populations were functionally characterized using several in 

vitro assays and confirmed that type 2 pericytes, but not type 1, exhibit angio-genic potential 

and were recruited during tumor angiogenesis, raising more questions on the potential role 

of exosomes secreted from pericytes within the tumor microenvironment [4].

In neuroblastoma, cancer cells modulate the tumor microenvironment and play a role in 

immune escape mechanisms and drug resistance. Neviani et al. have shown that 

interleukin-15 (IL-15)-activated natural killer (NK) cells secrete exosomes, which exhibit 

cytotoxicity against MYCN-amplified neuroblastoma cells. The cytotoxic potential of these 

exosomes was partly dependent upon the expression of miR-186. Interestingly, authors have 

shown that miR-186 has been shown to be downregulated in high-risk neuroblastoma 

patients, and its lower levels are a poor prognostic factor. MiR-186 ectopic expression has 

been shown to downregulate the expression of neuroblastoma oncogenes – MYCN, 

AURKA, TGFβR1, and TGFβR2. In addition, ectopic expression of miR-186 in MYCN-

amplified neuroblastoma cell lines inhibits its growth and migration. Targeted delivery of 

miR-186 to MYCN-amplified neuroblastoma or NK cells resulted in inhibition of 

neuroblastoma tumorigenic potential and prevented the TGFβ1-dependent inhibition of NK 

cells. Neviani et al. have shown targeted delivery of miR-186 in high-risk neuroblastoma is 

practicable and may lead to an inhibition of tumor growth and spreading [28]. The discovery 

that NK exosomes are cytotoxic and have their own killing ability even in an 

immunosuppressive microenvironment supports the belief of including ex vivo derived NK 

exosomes as a potential future benefit alongside the NK cell-based iimnunotherapy [28]. A 

schematic model of releasing exosomes into extracellular space is given in Fig. 5.4.

Most of the studies on exosomes’ role in neuroblastoma are based on cell culture 

experiments, but studies on human neuroblastoma patient exosomes were lacking. To 

investigate the functions of tumor-derived exosomal miRNAs in neuroblastoma patients in 

progression and migration of neuroblastoma cells, Ma et al. utilized plasma-derived 

exosomes and carried out differential exosomal miRNA expression profiles [23]. Ma et al. 

identified that the expression of hsa-miR199a-3p is significantly upregulated, and strongly 

correlates with the severity in neuroblastoma patients. Exosomal hsa-miR199a-3p promotes 
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tumor proliferation and migration via decreasing neuronal precursor cell-expressed 

developmentally downregulated 4 (NEDD4) expression in neuroblastoma. Ma et al. have 

shown that hsa-miR199a-3p may inhibit NEDD4 expression by binding to the 366–373 site 

of the 3′-UTR of NEDD4 mRNA in neuroblastoma cells, thereby miR-199a-3p promotes 

proliferation and facilitates migration of NB cells by regulating NEDD4 expression [23]. 

This work has shown that exosomal hsa-miR-199a-3p can be utilized as a fast, easy, and 

non-invasive detection biomarker and contribute to the development of novel therapeutic 

strategies for neuroblastoma in the future. Thus, the content analysis of the exosomes reveals 

their function in tumor microenvironment progression in malignancies, and this will further 

lead to developing more efficient micro vesicle-based strategies for cancer prognosis and 

therapy.

5.4 Treatment Options for Neuroblastoma

Treatment for neuroblastoma depends on the classification of the tumor. There are three 

broad categories: Low-risk, intermediate-risk, and high-risk [7-9]. Low-risk patients include 

those with localized tumors and tumors that show characteristics that indicate the tumor is 

not likely to come back. Low-risk patients are subject to minimal treatment or none at all 

[9]. Surgery may be the best option for these patients if the tumor is small enough to remove 

easily. Chemotherapy may be used as a treatment post-surgery, but most often, the patients 

are monitored for recurrence [9]. Chemotherapy used in low-risk patients includes a mixture 

of carboplatin, cyclophosphamide, doxorubicin, and etoposide most often [9]. Infants with 

very small tumors are usually monitored because these tumors are likely to disappear on 

their own without treatment [9].

Patients are classified as having intermediate risk if the tumor shows different 

characteristics, if the tumor is too large to fully resect, or if the tumor is causing damage to 

other organs [3]. These patients are given cycles of chemotherapy to initially shrink the size 

of the tumor. The amount of cycles depends on the size and severity of the tumor [3]. The 

typical combination of chemotherapy in this group is similar to low-risk patients. 

Carboplatin, cyclophosphamide, doxorubicin, and etoposide are generally used [30]. Once 

the tumor size has been decreased, surgery is the next step. In some cases, surgery is done 

prior to chemotherapy, to target the remaining tumor not resected in surgery [30]. Radiation 

is rarely used in the intermediate-risk group [3].

High-risk neuroblastoma patients have characteristics of metastasis or aggressive features of 

cancer cells [12, 17]. There are many ways to treat this category of neuroblastoma, and the 

most effective way has yet to be determined [12, 17]. The most common protocols include 

multiple phases of treatment: induction, surgery, consolidation, and maintenance [12, 17]. 

The induction phase focuses on reducing the size of the tumor and removing as much of the 

tumor as it is able in a quick manner [12, 17]. High dosages of chemotherapy are used, and 

the most common medications include cisplatin, etoposide, vincristine, cyclophosphamide, 

doxorubicin, and topotecan in a variety of alternating combinations [35]. Surgery is 

performed next to remove large amounts of the tumor [35]. After the surgery is performed, 

the next round of treatment begins to eliminate the body of any remaining cancer cells. 

Consolidation involves both chemotherapy and stem cell transplants. Research has shown 
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that patients who are given high-dose chemotherapy followed by a stem cell transplant, have 

better results than straight chemotherapy [34, 35]. Stem cell transplant is autologous, so 

stem cells are harvested during the induction phase of therapy [34]. Also, stem cell 

transplants given back to back have shown promising results [34]. Once chemotherapy and 

the stem cell transplant are complete, radiation is done to the primary tumor site as well as 

any places of previous metastasis [35]. This ensures any left behind remnants are eliminated. 

The final phase in the treatment is maintenance, which is performed to prevent patients from 

relapse [35]. Treatments in this phase include medications to stimulate the immune system 

or to mature tumor cells [35]. Retinoid therapy using 13-cis-retinoic acid (isotretinoin) is 

most common, along with other immunotherapies [35]. Retinoid therapy causes cancer cells 

to differentiate into mature cells. Maintenance includes heavy monitoring of tumor relapse. 

Relapse occurs in approximately 50% of high-risk patients and 5–15% in low- and 

intermediate-risk patients. Normally, relapse occurs within the first few years after the initial 

treatment [35].

5.5 Neuroblastoma and Immunotherapy

Several studies have shown that the neuroblastoma microenvironment is immunosuppressive 

and tumor growth promoting. In recent times, many strategies are devised and tested to 

overcome this, and they are being developed to promote anti-tumor immunotherapy. The 

understanding of the biology of immunotherapy of neuroblastoma has increased a lot over 

the past 40 years [7, 8, 33]. Monoclonal antibody (MAb)-based immunotherapy, along with 

the discoveries in immune biology, has revolutionized the immunotherapeutic field to design 

more effective therapies for the treatment of high-risk neuroblastoma. These will be 

combined with new cytotoxic drugs and radiation therapies to improve survival and quality 

of life for patients with high-risk neuroblastoma [7, 8, 33].

Current therapy options for neuroblastoma are separated into three sections: induction, 

consolidation, and post-consolidation or maintenance therapy [33]. Treatment includes 

chemotherapy, surgical resection, and high-dose chemotherapy. Also included are stem cell 

rescue, radiation therapy, immunotherapy, and isotretinoin. The current treatment lasts 

approximately 18 months. The induction phase includes chemotherapy, stem cell collection, 

and surgery. The consolidation phase includes high dosages of chemotherapy and radiation 

therapy. The maintenance phase includes immunotherapy and retinoid therapy.

In immunotherapy, the patient’s immune cells are used to recognize and destroy cancer cells. 

Monoclonal antibodies are used to recognize and attack a very particular neuroblastoma 

target cell [30]. Anti-GD2 (disialoganglioside) mAbs are a part of standard immunotherapy 

for high-risk neuroblastoma [38]. Dinutuximab (Unituxin) is a humanized monoclonal 

antibody that recognizes and binds to GD2 on neuroblastoma membranes; these antibodies 

in turn bind to Fc-receptors on the surface of granulocytes and NK cells and eliminate 

neuroblastoma cells through antibody-dependent cell cytotoxicity (ADCC) and cell-

mediated toxicity. Dinutuximab is administered along with cytokine, interleukin-2 (IL-2). 

These will help the child’s immune system seek out and demolish neuroblastoma cells. This 

is a new and advanced form of immunotherapy for children diagnosed with high-risk 
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neuroblastoma. This antibody is usually given after all treatment options are exhausted, and 

a stem cell transplant has been done.

When diagnosed with high-risk neuroblastoma, it requires intensive treatment to achieve the 

current survival rate of slightly less than 50% [7, 8, 33]. With further research and a more 

robust understanding of the biology of neuroblastoma, there will be a way to identify factors 

that change the outcomes of patients who are diagnosed with this disease. Current research 

is focusing on further intensification of therapy to improve outcomes and evaluating the role 

of precision medicine in this patient population. With ground-breaking clinical trials and 

intense research into neuroblastoma, all possible options for treating patients who are 

diagnosed with this cancer are being explored, and the immunotherapy options are allowing 

for better hope for children diagnosed with this cancer.

5.6 Exosome-Mediated Therapeutics

Mesenchymal stem and stromal cells (MSCs) that have originated from multiple organs such 

as the bone marrow, umbilical cord (in-utero), adipose tissues, or placentas have shown to 

carry a therapeutic capacity of exosomes [36]. These were tested in numerous models of 

diseases. Exosome treatment has been compared to MSC treatment and has shown similar 

and even substantially better results [2]. When tested, MSC exosomes have exhibited 

favorable results that promote functional recovery and neurovascular plasticity. Some 

examples of these are subject, but not limited, to traumatic brain injury [40], the reduction in 

myocardial infarction size [1, 19], amelioration hypoxia-induced pulmonary hypertension 

[20], helping with the reparation of an injury to a kidney [13, 39], and the arrangement of 

neurological protection with the transfer of miRNA [18, 37].

Therapies that are exosome based portray a strong promise for the upcoming future in 

providing care for patients with various types of diseases. Patients with inflammatory 

diseases will especially benefit from exosome-based therapies [36]. The test for 

effectiveness in MSC-exosome treatments has been examined in multiple pre-clinical 

models. Safety concerns for the effectiveness of MSC-exosome treatment are of primary 

focus. All in all, though, cell-free exosome-based clinical trials are shown to have a slighter 

side-effect efficacy compared to live cell MSC trials [36].

5.7 Translational Advances

Exosomes could potentially play a role in the treatment of cancers. Exosomal vesicles can be 

used in a variety of ways to target different aspects of cancer, including diagnosis and 

treatment. Specifically, exosomes can be used as biomarkers for cancer diagnosis. Cancer 

cells are known to secrete more exosomes than healthy cells, which leads researchers to use 

this as a marker. The process of obtaining exosome samples from patients is fairly non-

invasive, so this would be a clinically applicable way to help diagnose cancer. Not only can 

the exosomes be used as biomarkers, but also the proteins within the exosomes can be used 

to indicate cancer. Exosomes carry various molecules throughout the body, including 

proteins, miRNA, mRNA, etc. The overexpression of these molecules could be used as a 

potential prognostic factor for cancer. As well as a marker for cancer, exosomes could be 

Richard et al. Page 8

Adv Exp Med Biol. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



used for treatment. Exosomes primarily function in cell communication, showing that they 

can interact with cell membranes to deliver their signals. This leads researchers to determine 

if exosomes could deliver drug therapy. Exosomes could be used as a method of delivering 

chemotherapy to malignant cells in the body. Also, it is thought that exosomes could be used 

to stimulate cytotoxic T cells into a response against cancer cells. The target of exosomes to 

stop tumor growth is also a consideration. Many studies have shown that exosomes display 

oncogenic and tumor-promoting effects. Therefore, the targeting of exosomes could be a key 

element to inhibiting tumor growth. Similarly, inhibiting the ability of cells to receive signals 

from the exosomes would also inhibit tumor progression. Although there are many 

possibilities of using exosome in cancer diagnosis and treatment, many mechanisms of 

exosomes are still undetermined. Further research into this field needs to be conducted.

5.8 Conclusion

Neuroblastoma is the most frequent solid tumor that is diagnosed in children under the age 

of 5. It develops in the immature nerve cells of the sympathetic nervous system during 

embryonic development. These tumors are most often found on the adrenal glands. Lumps 

in the abdomen or neck, bruising around the eyes, pain, fatigue, and weight loss are all 

common signs and symptoms of neuroblastoma. The current treatments for neuroblastoma 

involve a mixture of surgery, chemotherapy, radiation, retinoid therapy, and immunotherapy. 

Exosomes play an important role in the progression of this cancer. Exosomes are small 

vesicles that are secreted by cells. They regulate cell communication, and transfer molecules 

between many cells in the body. Exosomes have been shown to progress tumor development, 

cause resistance to chemotherapy, and serve as a biomarker for tumors. Recent advances 

made in understanding the function of exosomes hold a promise to develop anti-cancer 

therapies.
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Abbreviations

3′-UTR Three prime untranslated region

ADCC Antibody-dependent cell cytotoxicity

AURKA Aurora kinase A

EFS Event-free survival

ESCRT Endosomal-sorting complex required for transport

GD2 Disialoganglioside

IL-15 Interleukin-15
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IL-2 Interleukin-2

ILV Intraluminal vesicle

MAb Monoclonal antibody

miRNA MicroRNA

mRNA Messenger RNA

MSCs Mesenchymal stem/stromal cells

MVBs Multivesicular bodies

MYCN v-myc myelocytomatosis viral-related oncogene, neuroblastoma-

derived

NEDD4 Neuronal precursor cell-expressed developmentally downregulated 4

NF-κB Nuclear factor-kappa B

NK Natural killer

PCR Polymerase chain reaction

PNTs Peripheral neuroblastic tumors

RNA Ribonucleic acid

TERF1 Telomeric repeat-binding factor 1

TGFβ 1 Transforming growth factor beta 1

TGFβR1 Transforming growth factor beta receptor 1

TGFβR2 Transforming growth factor beta receptor 2

TLR8 Toll-like receptor 8
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Fig. 5.1. 
General structure of exosome molecule
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Fig. 5.2. 
A transmission electron microscopy image of the exosome, showing 95-nm size, enclosed 

by a lipid bilayer, isolated from neuroblastoma (CHLA-255) cell culture supernatant. Scale: 

100 nm
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Fig. 5.3. 
A model depicting the transfer of exosomal miRNAs from neuroblastoma cell to the 

surrounding monocyte and the development of chemotherapy resistance
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Fig. 5.4. 
A schematic model showing the release of exosomes into extracellular space
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