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Cancer stem cells (CSCs), which have the capacity to self-renew and differentiate into various types of cells, are notorious

for their roles in tumor initiation, metastasis, and therapy resistance. Thus, underlying mechanisms for their survival

provide key insights into developing effective therapeutic strategies. A more recent focus has been on exosomes that play

a role in transmitting information between CSCs and non-CSCs, resulting in activating CSCs for cancer progression and

modulating their surrounding microenvironment. The field of CSC-derived exosomes (CSCEXs) for different types of

cancer is still under exploration. A deeper understanding and further investigation into CSCEXs’ roles in tumorigenicity and

the identification of novel exosomal components are necessary for engineering exosomes for the treatment of cancer.
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1. Introduction

The majority of human cancers display heterogeneity in morphology, expression of cell surface markers, and proliferative

or angiogenic potential . During tumor progression, intrinsic mechanisms, including acquired mutations and the “cells of

origin”, drive a heterogeneous population of tumor cells, and extrinsic factors from the microenvironment influence the fate

of the cells . This results in tumor cells with genetically distinct molecular signatures and therapy resistance . Intravital

microscopy studies have shown that tumor cells dynamically interact with their microenvironment, leading to metastasis

from the primary tumor . Lineage-retracing experiments in cancer models revealed a subpopulation of cancer cells

displaying stem cell-associated characteristics, called cancer stem cells (CSCs), driving tumor growth .

2.Cancer Stem Cells

CSCs or cancer-initiating cells, which are masked in tumors and have the capacity to self-renew and differentiate into

various types of cells, are known to contribute to tumorigenesis . Since the CSC concept emerged in the 1990s, it has

been one of the most popular cancer research models. The clonal evolution model postulates that malignancies result

from the accumulation of genetic instability and sequential selection within the original clone, leading to intra-tumoral

heterogeneity . Markers and properties of CSCs have been identified in hematological malignancies, including leukemia,

as well as solid tumors, including brain tumors, breast, colorectal, ovarian, pancreatic, and prostate cancers, multiple

myeloma, and melanoma . CSCs exhibit chemo- or radio-resistance, which is attributed to the epithelial–

mesenchymal transition (EMT), the signaling pathways, and the DNA damage checkpoint activation, along with the

upregulation of CSC markers, including aldehyde dehydrogenase . It has been reported that signaling pathways,

such as Wnt, transforming growth factor (TGF)-β, Notch, Hedgehog, JAK-STAT (Janus-activated kinase/signal transducer

and activator of transcription), and platelet-derived growth factor receptor (PDGFR), are employed by CSCs. Thus, CSCs

are highly sought-after as therapeutic targets for the battle against treatment resistance and tumor relapse.

Localized tumor microenvironments as CSC niches have been investigated using 3-D tissue models and microfluidics .

Mesenchymal stem cells (MSCs) in the microenvironment secrete proteins, including cytokines and growth factors, which

play roles in the differentiation of MSCs . The more recent focus has been on the role of the exosomes secreted from

CSCs in modulating CSC niches. Exosomes containing a wide range of RNAs, DNAs, and proteins are released outside

of the originating cells through the fusion of multivesicular endosomes or multivesicular bodies (MVBs) with the plasma

membrane . The involvement of exosomes in the phenotype transformation from non-CSC to CSC has been recently

evidenced by the presence of exosomal FMR (fragile X mental retardation) 1-AS (antisense RNA) 1, the X chromosome

long non-coding RNA (lncRNA), which is overexpressed in malignant tumor tissues and activates TLR (Toll-like receptor)

7-NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells) signaling .

Exosomes have been reported to interact with the immune cells modulating the host’s immune response and tumor

progression . Tumor-derived exosomes (TEXs) induce apoptosis of the activated cluster of differentiation (CD) 8  T

cells, suppress natural killer (NK) cell activity, promote the induction of regulatory T cells (Tregs) and myeloid-derived
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suppressor cells, and interfere with monocyte differentiation. While TEXs form the immunosuppressive environment, Treg-

derived exosomes inhibit the induction of cytotoxic T lymphocytes. Furthermore, exosomes released from the NK cells

have shown strong cytotoxicity against tumor cells; this finding has been substantiated by the FasL expressed on the

membrane of NK cell-derived exosomes as well as its role in the killing of Fas  tumor cells . In addition, a cell-free

cancer vaccine candidate using α-fetoprotein-enriched exosomes derived from dendritic cells (DCs) can contribute to

adoptive immunotherapy . This stimulates the production of interferon-γ and interleukin (IL)-2 and reduces the

expression of TGF-β and IL-10 at the tumor site. The feasibility and safety of DC-derived exosomes and autologous TEXs

for the treatment of cancer have been tested in clinical trials .

Hence, a deeper understanding and further investigations of the role of CSC-derived exosomes (CSCEXs) in

tumorigenicity and the identification of exosomal components could aid in the engineering of exosomes to enhance

therapeutic efficacy . The physiological and functional properties of CSCEXs are still under exploration. The

immunosuppressive and pro-tumoral capacity of CSCEXs has been studied . The CSCEXs induce EMT through the

transfer of microRNAs (miRs) to cancer cells and elevate the level of metastasis mediators . As cellular expression

levels and paracrine or juxtacrine signaling, changed through the transportation of CSCEXs’ miRs into the recipient cells,

also contribute to drug resistance, the chemotherapeutic effects, such as cell cycle arrest and apoptosis of cancer cells,

can be inhibited by CSCEXs .

3. Potential for Exploiting CSCEXs

Stem and progenitor cells mediate regenerative properties through paracrine factors, including cytokines and exosomes

. The impact of CSCs and CSCEXs on tumor progression can be inferred from the differential expression of several

miRNAs in ductal carcinoma in situ stem-like cells. Non-invasive breast CSCs with downregulated miR-140 and

upregulated miR-21 and miR-29a show tumorigenicity and a migratory capacity . Thus, the specific targeting of

RNAs that are aberrantly expressed in CSCs could help in designing CSC-based therapeutics. We can target CSCs using

DNA vaccines or mRNA vaccines, but mutagenicity, short half-life, and autoimmunity are the limitations of conventional

DNA vaccines or mRNA vaccines . Cell-to-cell transport of exosomal circular noncoding RNAs is involved in the

regulation of CSC phenotypes and can influence the tumor microenvironment . So far, the clinical use of circular

noncoding RNAs as cancer vaccines has not yet been proven.

3.1. Effects of Exosomes on Cancer Stem Cells

Exosomes mediate various effects on CSCs by stimulating the Wnt, Notch, Hippo, Hedgehog, NF-κB, and TGF-β

pathways, among others . It follows that exosomes can exert numerous downstream effects involving differentiation,

tumorigenesis, and other crucial endogenous functions of CSCs .

In breast cancer, CD44   cell proportions were observed to increase from CD44 /CD24   CSCs through cell cycle

inhibitory miRNA delivery by exosomes . Moreover, in ovarian cancer, the exosomal release of miRNA-454 was

observed to sustain the stemness phenotype of cancer cells . Another example of prostate CDEXs with the surface

expression of caveolin-1 was observed to transform CSCs into a metastatic phenotype via NF-κB signaling .

Furthermore, the interactions of CSCs with CAFs have been observed by using CAF-derived exosomes and their miRNA

content, such as miR-21, miR-378e, and miR-143 . These were also observed to promote tumor progression, except

for miR-320, which antagonized the premetastatic niche formation .

Recent studies have proposed superior tumor growth inhibitory effects by targeting CSCs rather than the whole tumor .

Thus, potential strategies for targeting CSCs by delivering miRNAs to inhibit the EMT or the formation of premetastatic

niches have been thoroughly researched . Neutralizing antibodies, or antibody-mediated CSC therapies, aim to target

CSCs in various cancers to attenuate the stemness phenotype of these cells . Exosome signaling is also known to

induce the production of CSCs, ameliorate treatment resistance, and prevent tumor relapse . There is also a growing

interest in exosome engineering to target specific signaling pathways by miR or siRNA inhibitors for CSC modulation .

3.2. Targeting Cancer Stem Cells through Engineered Exosomes

The identification of various potential markers of CSCs expressed in different cancer types provides a possible means for

targeting CSCs specifically using engineered exosomes. Targeting the CD44 expressed in hepatocellular carcinoma in

metastatic hepatocellular CSCs using anti-CD44 antibody-coated exosomes could directly induce CSC death. Likewise,

the CSC markers of different cancers, such as CD24 , CD133, CD90 , ESA  (EpCAM ), CD166, CD44, CD49f, integrins

a2/b1, BCL-2, β-catenin, BMI-1, BrdU, Ki67, CD44, CD133, CD49f (integrin a6), CK5/14, CK8/18, GST-p,

ABCG2/Hoechst 33342, OCT3/4, P63, P27, SCA-1, SMO, and CD200, can be targeted using engineered anti-antibody-
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coated exosomes. In addition, exosomes engineered for targeting different signaling pathways that contribute to self-

renewal, differentiation, tumor initiation, and drug resistance in CSCs could aid in the effective design of engineered

exosomes for cancer treatment .

According to the differential roles of surface markers/cargo in exosomes derived from CSCs and non-stem cells,

exosomes engineered with surface markers/cargo unique to CSCs are expected to have potential for the treatment of

cancer. CSCEXs contain multiple stemness marker proteins, such as CD44v6 and Notch1, which generate transient or

dynamic tumor heterogeneity in the tumor microenvironment compared to non-cancer exosomes . CSCEXs’ RNA

cargo, such as miR-19b-3p, playing a unique role in metastasis can also be envisaged as a therapeutic target. The

exosomal miR-210-3p isolated from lung CSCs contributed to the pro-metastatic niche of lung cancer, while miR-210-3p

in non-stem TEXs mainly promoted tumor angiogenesis. Triphosphate RNAs unique to CSCEXs, which facilitate the pro-

tumoral phenotype of neutrophils, can be targeted for cancer immunotherapy .

4. Conclusions and Future Directions

CSCs, or cancer-initiating cells, are tumorigenic and give rise to local and distal tumor recurrence. A subpopulation of

cancer cells possessing self-renewing and multipotent properties is a potent hindrance to conventional cancer therapies

that solely target the existing malignant cells. Many investigations have focused on gaining insights into the biological

properties of CSCs and their secretions for the development of novel therapeutic interventions specifically targeting CSCs.

Recent investigations have established the significance of exosomes in cell-to-cell communication and the formation of a

unique niche for the homeostasis of CSCs and non-stem cancer cells; this makes CSCs an ideal target in disrupting this

balance. We can focus on targeting and exploiting Evs, including the exosomes released from CSCs, as a potential

strategy for eliminating CSCs .

Further efforts are needed to elucidate the complex biological effects of CSCEXs on tumorigenesis, metastasis, and

cancer immunity. Thus, a better and more thorough understanding of the characteristics and contents of these CSCEXs

and other EVs may give way to the development of new clinical diagnostic/prognostic tools and therapies to prevent tumor

resistance and relapse .
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