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Exosomes have emerged as a new drug delivery system. In particular, exosomes derived frommesenchymal stem cells (MSCs) have
been extensively studied because of their tumor-homing ability and yield advantages. Considering that MSC-derived exosomes are
a double-edged sword in the development, metastasis, and invasion of tumors, engineered exosomes have broad potential use. In
this review, we focused on the latest development in the treatment of tumors using engineered and nonengineered MSC-derived
exosomes (MSC-EXs). Nonengineered MSC-EXs exert an antitumor effect on several well-studied tumors by affecting tumor
growth, angiogenesis, metastasis, and invasion. Furthermore, engineered exosomes have promising research prospects as drug-
carrying tools for the transport of miRNAs, small-molecule drugs, and proteins. Although exosomes lack uniform standards in
terms of definition, separation, and purification, they still have great research value because of their unique advantages, such as
high biocompatibility and low toxicity. Future studies on MSC-EXs should elucidate the mechanisms underlying their
anticancer effect and the safety of their application.

1. Introduction

The diagnosis and treatment of tumors, which are a key global
health concern, have long been a focus of research. Although
surgery is still an effective strategy for early cancer treatment,
owing to the hidden onset of cancer and the limitations of
diagnostic techniques, most patients with cancer have already
reached intermediate and advanced tumor stages by the time
their cancers are detected, minimizing the therapeutic effect
of surgery [1]. Although emerging immunotherapy has been
successfully applied, the heterogeneity of tumors hinders the
wide application of immunotherapy for all tumors [2, 3].
Hence, radiotherapy and chemotherapy are still the preferred
methods of treating tumors. However, drug delivery issues and
drug resistance have become major challenges related to che-
motherapy and radiotherapy.

MSC-EXs, which are natural nanovesicles with low
immunogenicity, good biocompatibility, and low cytotoxic-
ity, have a unique antitumor effect. As MSC-EXs are high-

quality drug delivery carriers, constructing engineered
MSC-EXs for drug loading has long been a key research topic
in the field of exosome-based therapy for cancer. Moreover,
natural exosomes that function through their own inclusions
or surface markers also exert antitumor effects; some of them
may be used as biomarkers for cancer diagnosis or prognosis
[4–7]. Given that the role of natural exosomes in tumors is
still controversial, in this study, we reviewed both the positive
and negative effects of natural MSC-EXs on tumor occur-
rence and development.

2. Biogenesis and Uptake of Exosomes

Extracellular vesicles (EVs) are classified as apoptotic bodies
(500 nm to 2μm), microvesicles (MVs; 100 to 1000 nm), and
exosomes (30 to 150nm) mainly based on their diameter and
origin [8]. MVs, also known as exfoliated vesicles or extracel-
lular bodies [9, 10], germinate from the plasma membrane,
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and apoptotic bodies are formed by bubbles in the apoptotic
cell membrane [11].

Exosomes are formed from the double invagination of the
plasma membrane [12]. The plasma membrane that invades
inward for the first time invaginates to form early endosomes
which germinate inward to form intraluminal vesicles (ILVs)
[9, 12, 13]. Two mechanisms are behind the formation of
ILVs: the pathway mediated by the endosomal sorting com-
plex required for transport (ESCRT) and the ESCRT-
independent pathway [14, 15]. The ESCRT is the most studied
mechanism [16]. The formed ILVs can selectively capture cer-
tainmolecules in the cell [17]. The composition of exosomes is
highly heterogeneous. This feature is related to the cell shape,
stimulation state, stress state, metamorphosis, and differentia-
tion function of the original cell type. This shows that content
such as miRNA and protein recruitment into exosomes may
be a regulated process [11, 18]. Late endosomes containing
ILVs are termed multivesicular bodies (MVBs) [9]. Some
MVBs are transported to the trans-Golgi network for endoso-
mal circulation and finally reach the lysosome to degrade all
the carried substances [11]. Some MVBs are transported
under the influence of the Rab GTPase family, cytoskeleton
(microtubules andmicrofilaments), molecular motors (dynein
and kinesin), and membrane fusion devices (SNARE com-
plex) [19]. They fuse with the plasma membrane and eventu-
ally release exosomes.

Target cells uptake exosomes mainly through fusion,
receptor-mediated endocytosis, macrophage phagocytosis,
or phagocytosis [16]. In addition, a study reported that cells
preferentially absorb smaller exosomes, especially those with
diameters of 40–50 nm [9]. The uptake of exosomes depends
not only on the nature of exosomes but also on the type and
physiological state of the recipient cells [9] (Figure 1).

3. Characterization of Exosomes

The surfaces of exosomes contain various markers. At present,
9769 proteins have been identified in exosomes from different
sources, such as CD9, CD63, CD81, Alix, EP-CAM, Hsp70,
Tsg101, CD55, and CD59 [20]. Studies have reported that all
MSC-EXs express markers CD9, CD63, and CD81 [21, 22].
CD55 and CD59 help avoid the activation of opsonin and
coagulation factors, thus stabilizing the distribution of exo-
somes in biological fluids [23]. In addition, CD9, CD63, Alix,
and EP-CAM can be used for the isolation of exosomes. Mag-
netic beads, which play a central role in capture-based tech-
niques, are a new type of tool that can be modified to bind
to target proteins on the membrane surface. CD9, CD63, Alix,
and EP-CAM can be enriched by antibody-coated magnetic
beads. According to the binding of antibody-coated magnetic
beads to the target protein on the membrane surface, the pro-
cess of collecting immobilized specific exosomes can be
achieved by washing in the stationary phase [24].

4. Direct and Indirect Effects of MSC-EXs
on Tumors

Extensive evidence has confirmed that MSC-EXs play a key
role in angiogenesis, tumor growth, and metastasis (inva-

sion). Among the various sources of exosomes, human
umbilical cord MSCs (hUC-MSCs) and human umbilical
cord Wharton’s jelly MSCs (hWJ-MSCs) are the most com-
monly used. Whether natural MSC-EXs exert positive or
negative effects on tumors is still controversial. A previous
study reported that the dual effect seems to be related to the
source of MSC-EXs, dose, and time of MSC injection, cancer
type, and other factors [25].

4.1. Dual Effects of MSC-EXs on Tumors. A group of studies
has reported that natural MSC-EXs promote tumor progres-
sion [26]. However, some reliable evidence still indicates that
MSC-EXs can inhibit the occurrence and development of
tumors.

4.1.1. Angiogenesis. Abnormal and excessive angiogenesis
during cancer development could exacerbate the disease
[27]. In the tumor microenvironment, MSC-EXs can
enhance intracellular communication and promote angio-
genesis [28]. The mechanism for promoting angiogenesis
could be enhancing the tube-forming ability of endothelial
cells (ECs) via exosomes. Evidence has suggested that micro-
RNAs could play a key role in it. For example, Gong et al. [29]
reported that the vascular precursor receptors (e.g., miR-30b)
in MSCs derived from mouse embryos were transported to
human umbilical vein endothelial cells (hUVECs) by MSC-
EXs, which could directly promote the formation of the
tube-like structure of hUVECs in vitro.

4.1.2. Tumor Growth.MSC-EXs are a double-edged sword in
tumor growth. Kalimuthu et al. [30] used flow cytometric
analysis of FITC-Annexin V staining to assess the apoptotic
effects of EV treatment and confirmed that MSC-derived
extracellular vesicle (MSC-EV) treatment induced apoptosis
in Lewis lung carcinoma cells. By contrast, Huang et al.
[31] reported that exosomes derived in vitro from bone mar-
rowMSCs (BM-MSCs) could enhance tumorigenesis by pro-
moting oncogenic autophagy in osteosarcoma.

4.1.3. Metastasis and Invasion. Tumor metastasis and inva-
sion are regulated not only by the cancer cells themselves
but also by the entire tumor microenvironment. As a part
of the tumor microenvironment, the role of exosomes in
information transmission cannot be ignored. Gu et al. [32]
observed that exogenous hUC-MSC-derived exosomes
(hUC-MSC-EXs) could facilitate the growth and migration
of gastric cancer cells by activating the Akt pathway. In addi-
tion, endogenous MSC-EVs derived from murine and
human bone marrow can induce breast cancer cells to enter
the bone marrow and survive as cancer stem cells (CSCs) in
a dormant state for decades [33].

4.2. Influence of MSC-EXs on the Growth and Development of
Different Types of Tumors. Considering the heterogeneity of
tumors, different tumor types may be among the reasons
for the seemingly contradictory effects of MSC-EXs.

4.2.1. Effects on Breast Cancer. The incidence of breast cancer
has been increasing in recent years [34]. According to statis-
tics by Miller et al., breast cancer was still the most common
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cancer among women in the United States as of 2019, and it
may affect at least 1,000,000 women by 2030 [35]. The pro-
motional effect of MSC-EXs on tumors has been largely con-
firmed. Furthermore, MSC-EXs also have an inhibitory effect
on tumors. Research has shown that exogenous MSC-EXs
activate the extracellular signal-regulated kinase pathway to
promote the proliferation and migration of breast cancer
cells in vitro [36]. In addition, as exosomes derived from
adipose-derived MSCs (ADSCs) in vivo contain various miR-
NAs that regulate epithelial-mesenchymal transition (EMT),
they can promote breast cancer cells to enter the dormant
phase, which is related to higher chemoresistance [37]. Pak-
ravan et al. [38] found that BM-MSC-derived exosomes
(BM-MSC-EXs) in vitro are rich in miR-100, which modu-
lates the mTOR/HIF-1α/VEGF signaling axis and inhibits
the angiogenesis of breast cancer (Table 1).

4.2.2. Effects on Multiple Myeloma. Multiple myeloma (MM)
accounts for about 10% of all hematological malignancies,
with an overall survival in affected patients of only 3 years
[43]. Extensive research has been conducted in this regard.
Roccaro et al. [44] found that homogeneous MSC-EXs from
different sources exerted completely different effects on MM.

Interestingly, Umezu et al. [45] found that young donor-
derived BM-MSC-EXs in vitro could be more competent in
inhibiting MM-induced angiogenesis than BM-MSC-EXs
from old donors and could thus improve the overall survival
of patients.

4.2.3. Effects on Gastric Cancer. Gastric cancer (GC) is one of
the most common malignancies worldwide [46]. Chemo-
therapy is still the main treatment for GC. Further, the
approach that inhibits human epidermal growth factor
receptor 2 is clinically proven to significantly improve sur-
vival rates [47]. Nevertheless, the treatment and prognosis
of these patients are still poor. The research of exosomes
brings new possibilities, which can be further applied to the
discovery, treatment, and prognosis of cancers (Table 2).

4.2.4. Effects on Liver Cancer. Extensive research has shown
that MSCs and MSC-EXs have considerable potential for
the treatment of liver cancer. MVs derived from BM-MSCs
inhibit cell cycle progression and induce apoptosis in HepG2
cells in vitro. Moreover, intratumor administration of BM-
MSC-derived MVs in vivo remarkably inhibited tumor
growth [50]. hUC-MSC-EXs containing miR-451a can limit
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Figure 1: Biogenesis and cellular uptake of exosomes. The plasma membrane invaginates through the ESCRT-dependent and ESCRT-
independent pathways to form ILVs. Late endosomes containing ILVs are called multivesicular bodies (MVBs). Some MVBs are
transported to the Golgi complex circulation and finally transported to the lysosome for degradation, and some MVBs are fused with the
plasma membrane under the influence of the Rab family, SNARE complex, and tubulin before being released from the cell. Exosomes
released from cells can enter target cells through fusion, receptor-mediated endocytosis, macrophage phagocytosis, or phagocytosis. The
surfaces of exosomes contain many molecules. This figure shows three common molecules (CD9, CD63, and CD81) on the surface of
MSC-EXs.
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the EMT of hepatocellular carcinoma (HCC) cells by target-
ing ADAM10; this may provide a new target for HCC ther-
apy [51].

4.2.5. Effects on Bladder Cancer. In recent years, the morbid-
ity and mortality of bladder cancer have had an evident
upward trend, making bladder cancer among the most com-
mon urinary system malignancies. Exosomes and the engi-
neered ones are of great importance to bladder cancer
patients for their future research and treatment. The inhibi-
tory effect of MSC-EXs on bladder cancer is greater than that
on other major tumors. Cai et al. [52] investigated the effect
of BM-MSC-EXs on bladder cancer cells through loss- and
gain-of-function experiments. The experimental results
showed that exosomal miR-9-3p upregulation could inhibit
the expression of endothelial cell-specific molecule 1
(EMS1), thereby inhibiting the progression of bladder cancer.
Some researchers have also studied the effect of MSC-derived
exosomal miRNA on bladder cancer cells. Fu et al. [53]
extracted BM-MSC-EXs for an miR-19b-1-5p inhibition
and elevation test and found that BM-MSC-derived exoso-
mal miR-19b-1-5p could inhibit the growth of bladder cancer
by downregulating nonreceptor protein tyrosine kinase Arg
(ABL2). Similarly, Jia et al. [54] found that hUC-MSC-
derived exosomal miR-139-5p could inhibit the progression
of bladder cancer through targeting and downregulating
PRC1.

4.2.6. Effects on Prostate Cancer. In cancer targeted therapy
research, up- or downregulation of the expression of a certain
molecule often arouses the interest of researchers, who then,

through interference measures, attempt to reverse this phe-
nomenon and observe whether it has clinical value. Che
et al. [55] chose MSC-EXs to implement this intervention
for prostate cancer, which is the second most common cause
of cancer-related deaths among men in developed countries
[56]. miR-143 expression is downregulated in prostate cancer
cells, and TFF3 expression is upregulated. Through their own
exosomes, MSCs can deliver overexpressed miR-143 to pros-
tate cancer cells, and this downregulates TFF3 expression,
thereby inhibiting the proliferation and invasion of prostate
cancer cells and promoting their apoptosis. Similarly, Jiang
et al. [57] initially found that miR-205 expression was down-
regulated and rhophilin Rho GTPase binding protein 2
(RHPN2) expression was upregulated in prostate cancer
cells. The upregulated miR-205 inhibited the proliferation,
invasion, and migration of prostate cancer cells and pro-
moted apoptosis by targeting RHPN2, and this was effected
through miR-205-expressing exosomes derived from human
bone marrow mesenchymal stem cells.

4.2.7. Effects on Ovarian Cancer. Ovarian cancer has the
highest mortality rate among gynecological malignancies;
its detection in early stages is challenging [58]. Even with
advancements in medical technology, the standard treat-
ments for ovarian cancer are still cytoreductive surgery and
platinum-based adjuvant chemotherapy [58]. Research on
MSC-EXs revealed their potential applicability in the treat-
ment of ovarian cancer. Reza et al. [59] demonstrated that
miRNA contained in exogenous exosomes derived from
human ADSCs can effectively reduce the viability of A2780
and SKOV-3 ovarian cancer cells and inhibit their

Table 1: Effects and mechanisms of MSC-EXs on breast cancer.

Source Effect Mechanism Model Ref

ADSC Stimulating metastasis of BCC Type 2 diabetes mellitus altered the functions of MSC-EVs
In
vivo

[39]

ADSC
Reduced tumor cell proliferation and
migration and enhanced tumor cell

apoptosis

CD90 expression in different concentrations (CD90high ADSCs and
CD90low ADSCs) on ADSC-EVs affected the antitumor activity

In
vitro

[40]

BM-
MSC

Suppressed the growth of triple-negative
breast cancer

By secreting miR-106a-5p
In
vivo

[41]

hUC-
MSC

Promoted the invasion and migration
potential of breast cancer cells

By activating the Akt pathway to promote epithelial-mesenchymal
transition

In
vitro

[36]

hMSC
or
mMSC

Promoted the progression of breast cancer
By inducing monocytic myeloid-derived suppressor cells to
differentiate into highly immunosuppressed M2 polarized

macrophages

In
vivo

[42]

MSC: mesenchymal stem cell; EV: extracellular vesicle; ADSC: adipose-derived MSC; BCC: breast cancer cell; MSC-EV: MSC-derived EV; ADSC-EV: ADSC-
derived EV; BM-MSC: bone marrow MSC; hUC-MSC: human umbilical cord MSC; hMSC: human MSC; mMSC: mouse MSC.

Table 2: Effects and mechanisms of MSC-EXs on GC.

Source Effect Mechanism Model Ref

p53−/−

mBM-MSC
Promotion of the growth and metastasis of

gastric cancer
Delivery of UBR2 to p53+/+ mBM-MSC and MFC cells by

modulating the Wnt/β-catenin pathway
In
vitro

[48]

BM-MSC
Promotion of the growth of osteosarcoma

(MG63) and GC (SGC7901) cells
Activation of the Hedgehog signaling pathway

In
vitro

[49]

MSC: mesenchymal stem cell; p53−/−mBM-MSC: p53 deficient mouse bone marrowMSC; p53+/+ mBM-MSC: p53 wild-type mouse bone marrowMSC; MFC:
murine foregastric carcinoma; BM-MSC: bone marrow MSC; GC: gastric cancer; hUC-MSC: human umbilical cord MSC.
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proliferation. Qiu et al. [60] stated that hUC-MSC-derived
exosomal miR-146a can target LAMC2 to regulate the
PI3K/Akt signaling pathway, thereby inhibiting the growth
of ovarian cancer cells and their chemoresistance. Li et al.
[61] observed that MSC-EVs overexpressing miR-424 can
suppress hUVEC proliferation, migration, and tube forma-
tion by inhibiting MYB, thereby further inhibiting the prolif-
eration, migration, and invasion of ovarian cancer cells.
Together, these studies provide new insights into the preven-
tion, treatment, and prognosis of ovarian cancer.

5. Engineered MSC-EXs for Cancer Treatment

Exosomes were originally considered cell cleaners for the
disposal of unnecessary components [62–64]. However,
their low immunogenicity and toxicity, long half-life, high
biocompatibility, tumor-homing ability, and other advan-
tages make them a high-quality drug delivery tool for can-
cer treatment [65]. In addition to traditional methods for
constructing engineered exosomes such as cocultivation,
electroporation, freezing and thawing, and mechanical
extrusion, genetic engineering has become a more attrac-
tive option.

5.1. miRNAs: A Tumor Treatment Tool. Currently, targeted
drug delivery for tumors has been investigated to target spe-
cific subcellular compartments, and receptor-mediated endo-
cytosis is the most promising approach [66]. As promising
tumor treatment tools [67], miRNAs are difficult to pass
through cell membranes owing to their negative charge and
hydrophilic nature. Moreover, they are easily degraded after
entering the body. As high-quality carriers, exosomes can
address this concern [68]. In related research, the exosomes
of hUC-MSCs expressing miRNAs have been highlighted as
important carriers for gene or drug therapy [69].

Gene modification is the most commonly used strategy
for miRNA transfection of MSC-EXs [70]. For example,
Wu et al. [71] used bone marrow mesenchymal exosomes
overexpressing miR-126-3p in a coculture with pancreatic
cancer cells and found that miR-126-3p inhibited the devel-
opment of pancreatic cancer by targeting ADAM9. Similarly,
Yuan et al. [69] cocultured MSC-EXs overexpressing miR-
148b-3p with breast cancer cell line MDA-MB-231 and
found that miR-148b-3p inhibited proliferation, invasion,
and migration but promoted apoptosis in breast cancer cells
by downregulating TRIM59. Another study reported that the
exosomal miR-205 derived from hBM-MSCs delayed the
progression of prostate cancer by inhibiting RHPN2 [57].
MSC-EXs enriched with miR-185 were expected to serve as
a new treatment option for oral leukoplakia because they
can reduce inflammation, inhibit cell proliferation and
angiogenesis, and induce cell apoptosis [72]. Notably, β-
catenin, a key molecule of the Wnt/β-catenin signaling path-
way, plays an important role in tumor EMT. Wan et al. [73]
first conducted a study on the inhibitory effect of miR-34c on
β-catenin in nasopharyngeal carcinoma (NPC). They
obtained exosomes overexpressing miR-34c by transfecting
MSCs with lentivirus, and they found that exosomes overex-
pressing miR-34c considerably increased radiation-induced

apoptosis in NPC cells. miR-34c reduced the expression of
β-catenin by directly targeting the 3′-UTR region of β-
catenin mRNA, which contributes to a reduction in EMT
and radioresistance. In addition, Jeong et al. [68] used 2D
and 3D microfluidic devices cultured with hUVECs and
A549 cells to simulate the tumor-like microenvironment of
non-small-cell lung cancer, and they demonstrated that the
miR-497 exosomes could act synergistically on endothelial
cells and tumor cells to inhibit tumor growth, migration,
and angiogenesis. This indicates that the combination of
exosome-mediated miRNA therapeutic technology and
microfluidic technology could become a predictive tool for
the development of tumor targeted therapy. Liang et al.
[74] constructed tumor-derived exosomes carrying both 5-
FU and miR-21 inhibitor oligonucleotide (miR-21i) through
electroporation and lentiviral transfection. Compared with
miR-21i or 5-FU alone, the combinational delivery of miR-
21i and 5-FU effectively reversed drug resistance and
remarkably enhanced the cytotoxicity of 5-FU-resistant
colon cancer cells.

5.2. High-Quality Transportation System for Small-Molecule
Drugs. Chemotherapeutic drugs can be loaded onto
MSC-EXs for administration, which can help address con-
cerns related to their low aqueous solubility and specific-
ity; this loading can improve the effects of related cancer
therapy [75].

Taxol is a widely used chemotherapy drug. Melzer
et al. [76] treated MSC544 cells with Taxol, and then
exosomes were isolated using a serum-free MSC544
medium under continuous centrifugation conditions after
24 h. Human MDA-hyb1 triple-negative breast cancer
cells were injected subcutaneously to induce subcutaneous
tumors in 15 NOD/SCID mice. Subsequently, Taxol-
loaded MSC544 exosomes were injected intravenously
into tumor-bearing mice. The results showed that Taxol-
loaded MSC544 exosomes showed superior tumor-
reducing abilities. Some researchers have investigated the
possibility of encapsulating paclitaxel into exosomes
derived from other cells. For example, Agrawal et al.
[77] successfully loaded Taxol on milk-derived exosomes
and effectively overcame the barriers of the low oral bio-
availability and cytotoxicity of Taxol. Similarly, Han et al.
[78] discovered that natural killer cell-derived exosome-
encapsulated paclitaxel exerted antitumor effects by
inducing the upregulation of Bax and caspase-3 in tumor
cell apoptosis signaling pathways.

Some researchers have focused on doxorubicin (DOX),
which is also a common chemotherapy drug. Wei et al. [79]
mixed exosomes with DOX-HCl, desalted the mixture with
triethylamine, and then dialyzed it with PBS overnight to
prepare EXs (EX-DOX) containing adriamycin. They found
that EX-DOX had a favorable therapeutic effect against oste-
osarcoma. Similar results were also observed in the mouse
breast cancer models used by other researchers. They used
electroporation to load DOX into exosomes derived from
MSCs to treat breast cancer and observed that EX-DOX sig-
nificantly reduced the growth rate of tumors in a mouse
breast cancer model [80].
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Honokiol is a newly discovered chemotherapy drug for
tumor treatment. Kanchanapally et al. [81] loaded honokiol
into MSC-EXs by the sonication method, and the results
indicated that its antitumor effect was 4–5 times greater than
that of free honokiol.

In addition to the application of single drugs, the com-
bined use of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) and other drugs is also a popular

research direction for tumor treatment. Qiu et al. [82]
obtained MSCT-EXs/CTX by combining CTX (a taxane
drug) with TRAIL for the treatment of oral squamous cell
carcinoma. The delivery system showed good antitumor
activity in vitro; it effectively reversed the multidrug resis-
tance of tumors and improved the sensitivity of chemother-
apy drugs. In another study, researchers obtained
CXCR4/TRAIL-rich exosomes from MSCs overexpressing

miRNA
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Figure 2: Engineered MSC-EXs for cancer treatment. The substances used for tumor treatment carried by the engineered MSC-EXs mainly
include miRNAs, small-molecule drugs, and proteins. Four recent studies provide detailed information about miRNA loading in engineered
MSC exosomes. Small-molecule drugs mainly include paclitaxel, CTX, carboplatin, doxorubicin, and magnolol. Compared with miRNAs and
small-molecule drugs, few studies have reported the successful loading of proteins into exosomes.
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both CXCR4 and TRAIL, and these exosomes acted synergis-
tically with carboplatin (a first-line drug for the treatment of
metastatic breast cancer) to exert antibreast metastasis effects
in vivo [83].

Drug resistance has reduced the efficacy of chemother-
apy and radiotherapy, which are first-line cancer treatments
[75]. Therefore, a new generation of tumor treatment
methods, including EVs, immunotherapy, and nanotech-
nology, is being gradually developed [75, 84]. Currently,
MSCs are the only known cells capable of producing exo-
somes on a large scale [75, 83, 85]. Thus, MSC-EXs seem
to be the most promising carriers for delivering specific
drugs to tumor cells.

5.3. Research Difficulties of Engineered Exosomes: Proteins.
The cargos carried by engineered exosomes are mainly
short RNA sequences, small-molecule drugs, and proteins
[86]. Few studies have reported the successful loading of
proteins into exosomes [87, 88]. This may be attributable
to the higher molecular weight of proteins, unclear mech-
anism of protein sorting by exosomes, and lack of related
loading methods.

Mizrak et al. [89] first reported protein loading into EVs
for antitumor therapy. Sterzenbach et al. [87], who were
inspired by the release of enveloped viruses, developed a
new method for loading proteins into exosomes based on
the evolutionarily conserved late-domain (L-domain) path-
way. Using this new method, they demonstrated that Cre
recombinase labeled with a WW tag could be ubiquitinated
and loaded into exosomes after being recognized by the L-
domain-containing protein Ndfip1.

As previously mentioned, Liu et al. [83] were the first to
use TRAIL in combination with CXCR4. CXCR4 is the most
common chemokine receptor in human cancer cells. TRAIL
can induce apoptosis in various cancer cells. Liu et al. trans-
fected MSCs with CXCR4 and TRAIL through lentiviral
transfection to obtain ExoCXCR4+TRAIL, and they observed
that ExoCXCR4+TRAIL exerted a significant synergistic effect
with carboplatin in the mouse model.

These results indirectly indicate that extensive research
with regard to proteins is warranted. For instance, a clinical
case showed that the expression of lipocalin-type prostaglan-
din D synthase (L-PTGDS) in GC tissue was significantly
reduced, and low expression of L-PTGDS was associated
with shorter patient survival time [90]. Overexpression of
L-PTGDS in GC cells inhibited their growth, clone forma-
tion, and migration ability. This suggested that L-PTGDS
could inhibit the progression of GC and could be a potential
therapeutic molecule for GC treatment. L-PTGDS likely
exerts its antitumor effect by mediating the synthesis of
PGD2 and activating PGD2 receptors such as PPARγ or
PTGDR2 (prostaglandin D2 receptor 2) on the surface of
tumor cells, thereby inhibiting the malignant progression of
tumors. By combining the carrier advantages of MSC-EXs
and the antitumor effect of L-PTGDS, we applied genetic
engineering technology to construct MSC-EXs carrying L-
PTGDS to inhibit the malignant progression of GC in order
to provide new ideas and methods for the biological treat-
ment of GC (Figure 2).

6. Conclusions and Prospects

Since Rothman, Schekman, and Sudhof won the Nobel Prize
in 2013 for revealing the transport regulation mechanism of
intracellular vesicles such as exosomes, perspectives on exo-
somes have finally transformed; they were once considered
to be “cell cleaners” but are now taken seriously in the field
of scientific research.

Although the role of natural MSC-EXs in cancer is still
controversial and a group of studies has proved that MSC-
EXs play a role in promoting cancer progression, their tumor
suppressor effects have also been reported. However, some
scholars attribute these antitumor effects to differences in
the materials and methods used in these studies, indicating
that their effects are not universal.

In addition to the functions of surface markers and the
content of MSC-EXs, MSC-EXs themselves are also high-
quality drug delivery carriers. Further research is required
to explore the role of MSC-EXs in cancer development and
treatment and to identify solutions to the following chal-
lenges. First, the identification of exosomes lacks uniform
international standards. Second, the low yield and high cost
of this process limit its application. Third, traditional centri-
fugation methods require a long time to extract exosomes,
and existing kits are expensive; moreover, the purity of the
isolated exosomes is not ideal. Finally, because the quality
of exosomes is greatly affected by temperature and time, the
storage of exosomes is also challenging [91]. In short, MSC-
EXs have high potential for use in cancer treatment, but they
need to solve the problems of using themselves as tools first.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Zixuan Sun, Jiaxin Zhang, and Jiali Li contributed equally to
this article.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (82003379), Natural Science Founda-
tion of the Jiangsu Higher Education Institutions
(19KJB320007), National Undergraduate Training Program
for Innovation and Entrepreneurship (202010299031),
Advanced Science and Technology Foundation of Jiangsu
Province (BE2020680), Technology Development Project of
Jiangsu University (20180361), and Project Funded by the
Priority Academic Program Development of Jiangsu Higher
Education Institutions (clinical medicine).

References

[1] L. Gong, Q. Yan, Y. Zhang, X. Fang, B. Liu, and X. Guan, “Can-
cer cell reprogramming: a promising therapy converting
malignancy to benignity,” Cancer Communications, vol. 39,
no. 1, p. 48, 2019.

7Stem Cells International



[2] T. F. Cloughesy, A. Y. Mochizuki, J. R. Orpilla et al., “Neoad-
juvant anti-PD-1 immunotherapy promotes a survival benefit
with intratumoral and systemic immune responses in recur-
rent glioblastoma,” Nature Medicine, vol. 25, no. 3, pp. 477–
486, 2019.

[3] X. Liu, Y. Cao, R. Li et al., “Poor clinical outcomes of intratu-
moral dendritic cell-specific intercellular adhesion molecule
3-grabbing non-integrin-positive macrophages associated
with immune evasion in gastric cancer,” European Journal of
Cancer, vol. 128, pp. 27–37, 2020.

[4] J. Lea, R. Sharma, F. Yang, H. Zhu, E. S. Ward, and A. J.
Schroit, “Detection of phosphatidylserine-positive exosomes
as a diagnostic marker for ovarian malignancies: a proof of
concept study,” Oncotarget, vol. 8, no. 9, pp. 14395–14407,
2017.

[5] S. Yu, X. S. Wang, K. C. Cao, X. J. Bao, and J. Yu, “Identifica-
tion of CDK6 and RHOU in serum exosome as biomarkers
for the invasiveness of non-functioning pituitary adenoma,”
Chinese Medical Sciences Journal, vol. 34, no. 3, pp. 168–176,
2019.

[6] M. Shi, Y. Jiang, L. Yang, S. Yan, Y. G. Wang, and X. J. Lu,
“Decreased levels of serum exosomal miR-638 predict poor
prognosis in hepatocellular carcinoma,” Journal of Cellular
Biochemistry, vol. 119, no. 6, pp. 4711–4716, 2018.

[7] D. Jafari, S. Shajari, R. Jafari et al., “Designer exosomes: a new
platform for biotechnology therapeutics,” BioDrugs, vol. 34,
no. 5, pp. 567–586, 2020.

[8] L. F. Cooper, S. Ravindran, C. C. Huang, and M. Kang, “A role
for exosomes in craniofacial tissue engineering and regenera-
tion,” Frontiers in Physiology, vol. 10, p. 1569, 2020.

[9] Y. Lin, Y. Lu, and X. Li, “Biological characteristics of exosomes
and genetically engineered exosomes for the targeted delivery
of therapeutic agents,” Journal of Drug Targeting, vol. 28,
no. 2, pp. 129–141, 2020.

[10] P. Wu, B. Zhang, D. K. W. Ocansey, W. Xu, and H. Qian,
“Extracellular vesicles: a bright star of nanomedicine,” Bioma-
terials, vol. 269, p. 120467, 2021.

[11] B. Yue, H. Yang, J. Wang et al., “Exosome biogenesis, secre-
tion and function of exosomal miRNAs in skeletal muscle
myogenesis,” Cell Proliferation, vol. 53, no. 7, article
e12857, 2020.

[12] R. Kalluri and V. S. LeBleu, “The biology, function, and bio-
medical applications of exosomes,” Science, vol. 367,
no. 6478, article eaau6977, 2020.

[13] Y. Shi, H. Shi, A. Nomi, Z. Lei-Lei, B. Zhang, and H. Qian,
“Mesenchymal stem cell-derived extracellular vesicles: a new
impetus of promoting angiogenesis in tissue regeneration,”
Cytotherapy, vol. 21, no. 5, pp. 497–508, 2019.

[14] A. S. Jadli, N. Ballasy, P. Edalat, and V. B. Patel, “Inside(sight)
of tiny communicator: exosome biogenesis, secretion, and
uptake,” Molecular and Cellular Biochemistry, vol. 467, no. 1-
2, pp. 77–94, 2020.

[15] T. Wollert and J. H. Hurley, “Molecular mechanism of multi-
vesicular body biogenesis by ESCRT complexes,” Nature,
vol. 464, no. 7290, pp. 864–869, 2010.

[16] J. Dassler-Plenker, V. Kuttner, and M. Egeblad, “Communica-
tion in tiny packages: exosomes as means of tumor-stroma
communication,” Biochimica Et Biophysica Acta Reviews on
Cancer, vol. 1873, no. 2, article 188340, 2020.

[17] H. Teo, O. Perisic, B. Gonzalez, and R. L. Williams, “ESCRT-II,
an endosome-associated complex required for protein sorting:

crystal structure and interactions with ESCRT-III and mem-
branes,” Developmental Cell, vol. 7, no. 4, pp. 559–569, 2004.

[18] A. Deb, S. Gupta, and P. B. Mazumder, “Exosomes: a new hori-
zon in modern medicine,” Life Sciences, vol. 264, article
118623, 2021.

[19] C. Hsu, Y. Morohashi, S. Yoshimura et al., “Regulation of exo-
some secretion by Rab35 and its GTPase-activating proteins
TBC1D10A-C,” The Journal of Cell Biology, vol. 189, no. 2,
pp. 223–232, 2010.

[20] F. Deng and J. Miller, “A review on protein markers of exo-
some from different bio-resources and the antibodies used
for characterization,” Journal of Histotechnology, vol. 42,
no. 4, pp. 226–239, 2019.

[21] Y. Nakamura, S. Miyaki, H. Ishitobi et al., “Mesenchymal-
stem-cell-derived exosomes accelerate skeletal muscle regener-
ation,” FEBS Letters, vol. 589, no. 11, pp. 1257–1265, 2015.

[22] L. Bai, H. Shao, H. Wang et al., “Effects of mesenchymal stem
cell-derived exosomes on experimental autoimmune uveitis,”
Scientific Reports, vol. 7, no. 1, p. 4323, 2017.

[23] Y. Zhang, J. Bi, J. Huang, Y. Tang, S. Du, and P. Li, “Exosome: a
review of its classification, isolation techniques, storage, diag-
nostic and targeted therapy applications,” International Jour-
nal of Nanomedicine, vol. Volume 15, pp. 6917–6934, 2020.

[24] L. Zhu, H. T. Sun, S. Wang et al., “Isolation and characteriza-
tion of exosomes for cancer research,” Journal of Hematology
& Oncology, vol. 13, no. 1, p. 152, 2020.

[25] S. Shojaei, S. M. Hashemi, H. Ghanbarian, M. Salehi, and
S. Mohammadi-Yeganeh, “Effect of mesenchymal stem cells-
derived exosomes on tumor microenvironment: tumor pro-
gression versus tumor suppression,” Journal of Cellular Physi-
ology, vol. 234, no. 4, pp. 3394–3409, 2019.

[26] L. Zhang and D. Yu, “Exosomes in cancer development,
metastasis, and immunity,” Biochimica Et Biophysica Acta.
Reviews on Cancer, vol. 1871, no. 2, pp. 455–468, 2019.

[27] D. Aguilar-Cazares, R. Chavez-Dominguez, A. Carlos-Reyes,
C. Lopez-Camarillo, O. N. Hernadez de la Cruz, and J. S.
Lopez-Gonzalez, “Contribution of angiogenesis to inflamma-
tion and cancer,” Frontiers in Oncology, vol. 9, p. 1399, 2019.

[28] W. Olejarz, G. Kubiak-Tomaszewska, A. Chrzanowska, and
T. Lorenc, “Exosomes in angiogenesis and anti-angiogenic
therapy in cancers,” International Journal of Molecular Sci-
ences, vol. 21, no. 16, p. 5840, 2020.

[29] M. Gong, B. Yu, J. Wang et al., “Mesenchymal stem cells
release exosomes that transfer miRNAs to endothelial cells
and promote angiogenesis,” Oncotarget, vol. 8, no. 28,
pp. 45200–45212, 2017.

[30] S. Kalimuthu, P. Gangadaran, X. J. Li et al., “In Vivo therapeu-
tic potential of mesenchymal stem cell-derived extracellular
vesicles with optical imaging reporter in tumor mice model,”
Scientific Reports, vol. 6, no. 1, article 30418, 2016.

[31] Y. Huang, W. Liu, B. He et al., “Exosomes derived from bone
marrowmesenchymal stem cells promote osteosarcoma devel-
opment by activating oncogenic autophagy,” Journal of Bone
Oncology, vol. 21, article 100280, 2020.

[32] H. Gu, R. Ji, X. Zhang et al., “Exosomes derived from human
mesenchymal stem cells promote gastric cancer cell growth
and migration via the activation of the Akt pathway,”Molecu-
lar Medicine Reports, vol. 14, no. 4, pp. 3452–3458, 2016.

[33] O. A. Sandiford, R. J. Donnelly, M. H. el-Far et al., “Mesenchy-
mal stem cell-secreted extracellular vesicles instruct stepwise
dedifferentiation of breast cancer cells into dormancy at the

8 Stem Cells International



bone marrow perivascular region,” Cancer Research, vol. 81,
no. 6, pp. 1567–1582, 2021.

[34] A. Sato, K. Matsubayashi, T. Morishima, K. Nakata,
K. Kawakami, and I. Miyashiro, “Increasing trends in the prev-
alence of prior cancer in newly diagnosed lung, stomach, colo-
rectal, breast, cervical, and corpus uterine cancer patients: a
population-based study,” BMC Cancer, vol. 21, no. 1, p. 264,
2021.

[35] K. D. Miller, L. Nogueira, A. B. Mariotto et al., “Cancer treat-
ment and survivorship statistics, 2019,” CA: a Cancer Journal
for Clinicians, vol. 69, no. 5, pp. 363–385, 2019.

[36] X. Zhou, T. Li, Y. Chen et al., “Mesenchymal stem cell‑derived
extracellular vesicles promote the in vitro proliferation and
migration of breast cancer cells through the activation of the
ERK pathway,” International Journal of Oncology, vol. 54,
no. 5, pp. 1843–1852, 2019.

[37] N. Mohd Ali, S. K. Yeap, W. Y. Ho et al., “Adipose MSCs sup-
press MCF7 and MDA-MB-231 breast cancer metastasis and
EMT pathways leading to dormancy via exosomal-miRNAs
following co-culture interaction,” Pharmaceuticals, vol. 14,
no. 1, p. 8, 2021.

[38] K. Pakravan, S. Babashah, M. Sadeghizadeh et al., “Micro-
RNA-100 shuttled by mesenchymal stem cell-derived exo-
somes suppresses in vitro angiogenesis through modulating
the mTOR/HIF-1α/VEGF signaling axis in breast cancer
cells,” Cellular Oncology (Dordrecht), vol. 40, no. 5, pp. 457–
470, 2017.

[39] V. C. Khanh, M. Fukushige, K. Moriguchi et al., “Type 2 diabe-
tes mellitus induced paracrine effects on breast cancer metas-
tasis through extracellular vesicles derived from human
mesenchymal stem cells,” Stem Cells and Development,
vol. 29, no. 21, pp. 1382–1394, 2020.

[40] T. Li, X. Zhou, J. Wang et al., “Adipose-derived mesenchymal
stem cells and extracellular vesicles confer antitumor activity
in preclinical treatment of breast cancer,” Pharmacological
Research, vol. 157, article 104843, 2020.

[41] L. Xing, X. Tang, K. Wu, X. Huang, Y. Yi, and J. Huan,
“LncRNA HAND2-AS1 suppressed the growth of triple nega-
tive breast cancer via reducing secretion of MSCs derived exo-
somal miR-106a-5p,” Aging (Albany NY), vol. 13, no. 1,
pp. 424–436, 2020.

[42] S. Biswas, G. Mandal, S. Roy Chowdhury et al., “Exosomes
produced by mesenchymal stem cells drive differentiation of
myeloid cells into immunosuppressive M2-polarized macro-
phages in breast cancer,” Journal of Immunology, vol. 203,
no. 12, pp. 3447–3460, 2019.

[43] O. Landgren and K. Iskander, “Modern multiple myeloma
therapy: deep, sustained treatment response and good clinical
outcomes,” Journal of Internal Medicine, vol. 281, no. 4,
pp. 365–382, 2017.

[44] A. M. Roccaro, A. Sacco, P. Maiso et al., “BM mesenchymal
stromal cell-derived exosomes facilitate multiple myeloma
progression,” The Journal of Clinical Investigation, vol. 123,
no. 4, pp. 1542–1555, 2013.

[45] T. Umezu, S. Imanishi, K. Azuma et al., “Replenishing exo-
somes from older bone marrow stromal cells with miR-340
inhibits myeloma-related angiogenesis,” Blood Advances,
vol. 1, no. 13, pp. 812–823, 2017.

[46] L. Yin, R. Zhang, Y. Hu et al., “Gastric-cancer-derived mesen-
chymal stem cells: a promising target for resveratrol in the sup-
pression of gastric cancer metastasis,” Human Cell, vol. 33,
no. 3, pp. 652–662, 2020.

[47] A. Digklia and A. D. Wagner, “Advanced gastric cancer: cur-
rent treatment landscape and future perspectives,”World Jour-
nal of Gastroenterology, vol. 22, no. 8, pp. 2403–2414, 2016.

[48] J. Mao, Z. Liang, B. Zhang et al., “UBR2 enriched in p53 defi-
cient mouse bone marrow mesenchymal stem cell-exosome
promoted gastric cancer progression via Wnt/β-catenin path-
way,” Stem Cells, vol. 35, no. 11, pp. 2267–2279, 2017.

[49] J. Qi, Y. Zhou, Z. Jiao et al., “Exosomes derived from human
bone marrow mesenchymal stem cells promote tumor growth
through Hedgehog signaling pathway,” Cellular Physiology
and Biochemistry, vol. 42, no. 6, pp. 2242–2254, 2017.

[50] N. Yang, S. Li, G. Li et al., “The role of extracellular vesicles in
mediating progression, metastasis and potential treatment of
hepatocellular carcinoma,” Oncotarget, vol. 8, no. 2,
pp. 3683–3695, 2017.

[51] Y. Xu, Y. Lai, L. Cao et al., “Human umbilical cord mesenchy-
mal stem cells-derived exosomal microRNA-451a represses
epithelial–mesenchymal transition of hepatocellular carci-
noma cells by inhibiting ADAM10,” RNA Biology, vol. 9,
pp. 1–16, 2020.

[52] H. Cai, X. Yang, Y. Gao et al., “Exosomal microRNA-9-3p
secreted from BMSCs downregulates ESM1 to suppress the
development of bladder cancer,” Molecular Therapy - Nucleic
Acids, vol. 18, pp. 787–800, 2019.

[53] D. Fu, B. Liu, H. Jiang, Z. Li, C. Fan, and L.'. Zang, “Bone mar-
row mesenchymal stem cells-derived exosomal microRNA-
19b-1-5p reduces proliferation and raises apoptosis of bladder
cancer cells _via_ targeting ABL2,” Genomics, vol. 113, no. 3,
pp. 1338–1348, 2021.

[54] Y. Jia, X. Ding, L. Zhou, L. Zhang, and X. Yang, “Mesenchymal
stem cells-derived exosomal microRNA-139-5p restrains
tumorigenesis in bladder cancer by targeting PRC1,” Onco-
gene, vol. 40, no. 2, pp. 246–261, 2021.

[55] Y. Che, X. Shi, Y. Shi et al., “Exosomes derived from miR-143-
overexpressing MSCs inhibit cell migration and invasion in
human prostate cancer by downregulating TFF3,” Mol Ther
Nucleic Acids, vol. 18, pp. 232–244, 2019.

[56] T. Lorenc, K. Klimczyk, I. Michalczewska, M. Slomka,
G. Kubiak-Tomaszewska, and W. Olejarz, “Exosomes in pros-
tate cancer diagnosis, prognosis and therapy,” International
Journal of Molecular Sciences, vol. 21, no. 6, p. 2118, 2020.

[57] S. Jiang, C. Mo, S. Guo, J. Zhuang, B. Huang, and X. Mao,
“Human bone marrow mesenchymal stem cells-derived
microRNA-205-containing exosomes impede the progression
of prostate cancer through suppression of RHPN2,” Journal
of Experimental & Clinical Cancer Research, vol. 38, no. 1,
p. 495, 2019.

[58] H. D. Liu, B. R. Xia, M. Z. Jin, and G. Lou, “Organoid of ovar-
ian cancer: genomic analysis and drug screening,” Clinical &
Translational Oncology, vol. 22, no. 8, pp. 1240–1251, 2020.

[59] A. Reza, Y. J. Choi, H. Yasuda, and J. H. Kim, “Human adipose
mesenchymal stem cell-derived exosomal-miRNAs are critical
factors for inducing anti-proliferation signalling to A2780 and
SKOV-3 ovarian cancer cells,” Scientific Reports, vol. 6, no. 1,
article 38498, 2016.

[60] L. Qiu, J. Wang, M. Chen, F. Chen, and W. Tu, “Exosomal
microRNA‑146a derived from mesenchymal stem cells
increases the sensitivity of ovarian cancer cells to docetaxel
and taxane via a LAMC2‑mediated PI3K/Akt axis,” Interna-
tional Journal of Molecular Medicine, vol. 46, no. 2, pp. 609–
620, 2020.

9Stem Cells International



[61] P. Li, H. Xin, and L. Lu, “Extracellular vesicle-encapsulated
microRNA-424 exerts inhibitory function in ovarian cancer
by targeting MYB,” Journal of Translational Medicine,
vol. 19, no. 1, p. 4, 2021.

[62] L. Li, C. Li, S. Wang et al., “Exosomes derived from hypoxic
oral squamous cell carcinoma cells deliver miR-21 to nor-
moxic cells to elicit a prometastatic phenotype,” Cancer
Research, vol. 76, no. 7, pp. 1770–1780, 2016.

[63] A. L. Egea-Jimenez and P. Zimmermann, “Lipids in exosome
biology,” Handbook of Experimental Pharmacology, vol. 259,
pp. 309–336, 2020.

[64] L. Li, B. Cao, X. Liang et al., “Microenvironmental oxygen
pressure orchestrates an anti- and pro-tumoral γδ T cell equi-
librium via tumor-derived exosomes,” Oncogene, vol. 38,
no. 15, pp. 2830–2843, 2019.

[65] Y. Liu, Y. Wang, Q. Lv, and X. Li, “Exosomes: from garbage
bins to translational medicine,” International Journal of Phar-
maceutics, vol. 583, article 119333, 2020.

[66] H. Malhotra, N. Sheokand, S. Kumar et al., “Exosomes: tunable
nano vehicles for macromolecular delivery of transferrin and
lactoferrin to specific intracellular compartment,” Journal of
Biomedical Nanotechnology, vol. 12, no. 5, pp. 1101–1114,
2016.

[67] Z. Sun, J. Chen, J. Zhang et al., “The role and mechanism of
miR-374 regulating the malignant transformation of mesen-
chymal stem cells,” American Journal of Translational
Research, vol. 10, no. 10, pp. 3224–3232, 2018.

[68] K. Jeong, Y. J. Yu, J. Y. You, W. J. Rhee, and J. A. Kim, “Exo-
some-mediated microRNA-497 delivery for anti-cancer ther-
apy in a microfluidic 3D lung cancer model,” Lab on a Chip,
vol. 20, no. 3, pp. 548–557, 2020.

[69] L. Yuan, Y. Liu, Y. Qu, L. Liu, and H. Li, “Exosomes derived
from microRNA-148b-3p-overexpressing human umbilical
cord mesenchymal stem cells restrain breast cancer progres-
sion,” Frontiers in Oncology, vol. 9, p. 1076, 2019.

[70] B. You, W. Xu, and B. Zhang, “Engineering exosomes: a new
direction for anticancer treatment,” American Journal of Can-
cer Research, vol. 8, no. 8, pp. 1332–1342, 2018.

[71] D.-M.Wu, X. Wen, X.-R. Han et al., “Bone marrowmesenchy-
mal stem cell-derived exosomal microRNA-126-3p inhibits
pancreatic cancer development by targeting ADAM9,” Molec-
ular Therapy-Nucleic Acids, vol. 16, pp. 229–245, 2019.

[72] L. Wang, P. Yin, J. Wang et al., “Delivery of mesenchymal stem
cells-derived extracellular vesicles with enriched miR-185
inhibits progression of OPMD,” Artificial Cells, Nanomedicine,
and Biotechnology, vol. 47, no. 1, pp. 2481–2491, 2019.

[73] F. Z. Wan, K. H. Chen, Y. C. Sun et al., “Exosomes overex-
pressing miR-34c inhibit malignant behavior and reverse the
radioresistance of nasopharyngeal carcinoma,” Journal of
Translational Medicine, vol. 18, no. 1, p. 12, 2020.

[74] G. Liang, Y. Zhu, D. J. Ali et al., “Engineered exosomes for tar-
geted co-delivery of miR-21 inhibitor and chemotherapeutics
to reverse drug resistance in colon cancer,” Journal of Nano-
biotechnology, vol. 18, no. 1, p. 10, 2020.

[75] C. Gutierrez-Millan, C. Calvo Diaz, J. M. Lanao, and C. I.
Colino, “Advances in exosomes-based drug delivery systems,”
Macromolecular Bioscience, vol. 21, no. 1, article e2000269,
2021.

[76] C. Melzer, J. V. Ohe, and R. Hass, “Anti-tumor effects of exo-
somes derived from drug-incubated permanently growing

human MSC,” International Journal of Molecular Sciences,
vol. 21, no. 19, p. 7311, 2020.

[77] A. K. Agrawal, F. Aqil, J. Jeyabalan et al., “Milk-derived exo-
somes for oral delivery of paclitaxel,” Nanomedicine, vol. 13,
no. 5, pp. 1627–1636, 2017.

[78] D. Han, K. Wang, T. Zhang, G. C. Gao, and H. Xu, “Natural
killer cell-derived exosome-entrapped paclitaxel can enhance
its anti-tumor effect,” European Review for Medical and Phar-
macological Sciences, vol. 24, no. 10, pp. 5703–5713, 2020.

[79] H. Wei, J. Chen, S. Wang et al., “A nanodrug consisting of
doxorubicin and exosome derived from mesenchymal stem
cells for osteosarcoma treatment in vitro,” International Jour-
nal of Nanomedicine, vol. Volume 14, pp. 8603–8610, 2019.

[80] H. Gomari, M. Forouzandeh Moghadam, M. Soleimani,
M. Ghavami, and S. Khodashenas, “Targeted delivery of doxo-
rubicin to HER2 positive tumor models,” International Jour-
nal of Nanomedicine, vol. Volume 14, pp. 5679–5690, 2019.

[81] R. Kanchanapally, M. A. Khan, S. K. Deshmukh et al., “Exoso-
mal formulation escalates cellular uptake of honokiol leading
to the enhancement of its antitumor efficacy,” ACS Omega,
vol. 5, no. 36, pp. 23299–23307, 2020.

[82] Y. Qiu, J. Sun, J. Qiu et al., “Antitumor activity of cabazitaxel
and MSC-TRAIL derived extracellular vesicles in drug-
resistant oral squamous cell carcinoma,” Cancer Management
and Research, vol. Volume 12, pp. 10809–10820, 2020.

[83] M. Liu, Y. Hu, and G. Chen, “The antitumor effect of gene-
engineered exosomes in the treatment of brain metastasis of
breast cancer,” Frontiers in Oncology, vol. 10, p. 1453, 2020.

[84] P. Di Bonito, L. Accardi, L. Galati, F. Ferrantelli, and
M. Federico, “Anti-cancer vaccine for HPV-associated neo-
plasms: focus on a therapeutic HPV vaccine based on a novel
tumor antigen delivery method using endogenously engi-
neered exosomes,” Cancers, vol. 11, no. 2, p. 138, 2019.

[85] J. Zhou, X. Tan, Y. Tan, Q. Li, J. Ma, and G.Wang, “Mesenchy-
mal stem cell derived exosomes in cancer progression, metas-
tasis and drug delivery: a comprehensive review,” Journal of
Cancer, vol. 9, no. 17, pp. 3129–3137, 2018.

[86] L. Yin, X. Liu, Y. Shi et al., “Therapeutic advances of stem cell-
derived extracellular vesicles in regenerative medicine,” Cell,
vol. 9, no. 3, p. 707, 2020.

[87] U. Sterzenbach, U. Putz, L.-H. Low, J. Silke, S.-S. Tan, and
J. Howitt, “Engineered exosomes as vehicles for biologically
active proteins,” Molecular Therapy, vol. 25, no. 6, pp. 1269–
1278, 2017.

[88] P. Hernandez-Camarero, V. Amezcua-Hernandez,
G. Jimenez, M. A. Garcia, J. A. Marchal, and M. Peran, “Clin-
ical failure of nanoparticles in cancer: mimicking nature's solu-
tions,” Nanomedicine (London, England), vol. 15, no. 23,
pp. 2311–2324, 2020.

[89] A. Mizrak, M. F. Bolukbasi, G. B. Ozdener et al., “Genetically
engineered microvesicles carrying suicide mRNA/protein
inhibit schwannoma tumor growth,” Molecular Therapy,
vol. 21, no. 1, pp. 101–108, 2013.

[90] B. Zhang, Q. Bie, P. Wu et al., “PGD2/PTGDR2 signaling
restricts the self-renewal and tumorigenesis of gastric cancer,”
Stem Cells, vol. 36, no. 7, pp. 990–1003, 2018.

[91] J. Wang, D. Chen, and E. A. Ho, “Challenges in the develop-
ment and establishment of exosome-based drug delivery sys-
tems,” Journal of Controlled Release, vol. 329, pp. 894–906,
2021.

10 Stem Cells International


	Roles of Mesenchymal Stem Cell-Derived Exosomes in Cancer Development and Targeted Therapy
	1. Introduction
	2. Biogenesis and Uptake of Exosomes
	3. Characterization of Exosomes
	4. Direct and Indirect Effects of MSC-EXs on Tumors
	4.1. Dual Effects of MSC-EXs on Tumors
	4.1.1. Angiogenesis
	4.1.2. Tumor Growth
	4.1.3. Metastasis and Invasion

	4.2. Influence of MSC-EXs on the Growth and Development of Different Types of Tumors
	4.2.1. Effects on Breast Cancer
	4.2.2. Effects on Multiple Myeloma
	4.2.3. Effects on Gastric Cancer
	4.2.4. Effects on Liver Cancer
	4.2.5. Effects on Bladder Cancer
	4.2.6. Effects on Prostate Cancer
	4.2.7. Effects on Ovarian Cancer


	5. Engineered MSC-EXs for Cancer Treatment
	5.1. miRNAs: A Tumor Treatment Tool
	5.2. High-Quality Transportation System for Small-Molecule Drugs
	5.3. Research Difficulties of Engineered Exosomes: Proteins

	6. Conclusions and Prospects
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

