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ABSTRACT

Exosomes, biologically active extracellular vesicles, are derived from normal and neoplastic cells. Emerging
evidence revealed that exosomes modulate cell-cell communication and involve in hemostatic and pathologic
processes. Recent studies have shown that exosomes released from cancer cells such as chronic myeloid
leukemia cells could act as a key mediator in tumor induction and progression. Myeloid cells-derived exosomes
affect different processes including angiogenesis, neoplastic proliferation, tumor cell survival, and imatinib
resistance. These exosomes induce angiogenesis and tumor progression by IL-8 overexpression in both leukemic
and bone marrow stromal cells. Exosomes cargo could alter the expression of different adhesion molecules, anti-
and pro-apoptotic molecules, cytokines, and chemokines such as VCAM-1, ICAM-1, BCL, BAD, BAX, TGF-B,
TNF-a, CXCL12 which affect tumor migration, homing, survival, and growth. CML-derived exosomes can also
regulate signal transduction pathways, such as ERK/MAPK, ERK/Akt, EGFR/Ras, and Wnt. Furthermore, they
can be applied as a vehicle for drug delivery or sensitization of drug-resistant cells. Here, we reviewed the role of
chronic myeloid cell-derived exosomes in tumor growth, survival, and resistance to treatment.
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INTRODUCTION

Chronic myeloid leukemia (CML), a myeloproliferative
neoplasm, accounts for approximately 15% of all cases of
leukemia diagnosed in adults (1). CML is caused by an
oncogenic translocation of t(9;22)(g34;911) known as
Philadelphia chromosome (Ph) resulting in expression of
the BCR-ABL fusion protein (2). BCR-ABL promotes DNA
replication and cellular proliferation through activating
tyrosine kinase and downstream signaling molecules
including RAS, RAF, JUN kinase, MYC, and STAT (3-5).
Activated BCR-ABL also alters cell adhesion and inhibits
apoptosis (6).

This triphasic disorder begins from a latent phase
named chronic phase (CML-CP), the second phase refers
to its spontaneous progression to advanced accelerated
phase (CML-AP) in untreated patients, and the third phase
indicates CML development to aggressive blast crisis
phase (CML-BP) (7). CML is diagnosed based on the
presence of persistent unexplained leukocytosis, and the
detection of the Ph chromosome, t (9;22)(q34;911), or Ph
related molecular BCR-ABL1  abnormalities by
cytogenetics, fluorescence in situ hybridization (FISH), and
molecular analysis (8). However, there are some
challenges in CML detection; for example difficulties in the
diagnosis of Ph-negative CML cases and differential
diagnosis of CML from other myeloproliferative or
myelodysplastic syndromes (8).

The emergence of tyrosine kinase inhibitors such as
imatinib, nilotinib, dasatinib, bosutinib and ponatinib has
significantly decreased the mortality rate from 10% -20% to
1%-2% and has prolonged the overall survival in CML
patients. Nonetheless, BCR-ABL gene amplification or
secondary point mutations in tyrosine kinase domain of
BCR-ABL may develop resistance to imatinib in some
patients (8).

Understanding molecular mechanisms involved in the
disease process and progression may provide novel
approaches to develop anti-cancer drugs and therapies.
Recent studies have revealed that the crosstalk between
cancer cells and their microenvironment could regulate the
growth, survival, and drug-resistance of leukemic cells.
Recent evidence has shown that cancer cells could release
extracellular vesicles such as exosomes which modulate
the interaction between tumor cells and their
microenvironment (9).

Exosomes are lipid vesicles with endosomal origin
and mean diameters ranging from 40 nm to 160 nm.
Nowadays, exosomes are considered to serve as potential
novel cellular signaling elements, which are secreted by
various cells (normal and tumor cells) and could regulate
intercellular communications. They can mediate autocrine,
juxtacrine and paracrine interactions. These extracellular
vesicles could be isolated from bio fluids samples; for
instance blood, lymph fluid, cerebrospinal fluid (CSF),
saliva, and urine (10). Exosomes are enriched in distinct
molecular cargo such as signaling receptors and ligands in
the membrane along with proteins (cytoplasmic, nuclear,
extracellular matrix), lipids, metabolites, and nucleic acids
(DNAs, messenger RNA (mRNAs), microRNAs, long non-
coding RNAs (IncRNAs), circularRNA, etc) within
the cytoplasmic matrix (11). Exosomes contents represent
their cell of origin and can affect biological responses in
recipient cells. In context of cancer development,
exosomes derived from the tumor cells and tumor
microenvironment (TME) such as endothelial cells,
pericytes, fibroblasts, mesenchymal stem cells (MSCs) and
immune cells could modulate the cross talk between tumor
and microenvironment (12, 13). For example, Ramos et al.
found that the endothelial cells can acquire BCR-ABL RNA
of Ph+ positive CML-derived exosomes that is inconsistent
with the hypothesis that endothelial cells may be part of the
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CML clone (14). Therefore, exosomes play an integral role
in the induction or promotion of tumor growth, metastasis,
relapse, drug response or resistance, and disease
mechanism. Nowadays, exosomes appear to be
interesting biomarkers for cancer diagnosis, cancer
prognosis, staging, progression, and drug response.
Bernardi et al. reported that the CML-derived exosomes
could be possibly enriched and considered as novel
biomarkers to diagnose active leukemic cells in patients.
The miRNA content of exosomes derived from CML cells
may be associated with patients’ clinical symptoms such as
cancer-associated cachexia, and musculoskeletal pain.
The elevation of exosomal miRNA-140-3p serum levels
after tyrosine kinase inhibitors discontinuation and the
overexpression of exosomal miR-92a-3p might lead to
musculoskeletal pain and cachexia in CML patients,
respectively (15, 16). Other studies have demonstrated that
the exosomes released from CML cells have the ability to
affect bone marrow niche and tumor microenvironment
(17). According to this evidence, here we reviewed the
impact of CML-derived exosomes in CML pathogenesis,
progress, and treatment.

CML- derived exosomes and angiogenesis: Although
the detection of BCR-ABL expression is enough for CML
chronic phase diagnosis, additional mechanisms are
required for progression to aggressive phases and
resistance to treatment. Emerging evidences indicate
significant neovascularization and an increased number of
endothelial cells in bone marrow of CML patients (18).
Therefore, it seems that angiogenesis plays an essential
role in the development and progression of CML.
However, little is known about mechanisms responsible for
angiogenesis in CML. New blood vessels formation
provides oxygen and nutrition for cancer cells and
promotes tumor cell's survival, growth, and distant
metastasis development. Angiogenesis depends on a
balance of pro-and anti-angiogenic factors such as
vascular endothelial growth factor (VEGF), fibroblast
growth factor-2 (FGF-2), hepatocyte growth factor (HGF),
interleukin-8 (IL-8), matrix metalloproteinases (MMPSs),
platelet factor-4 (PF-4), and tissue inhibitors of
metalloproteinases (TIMPs)) molecules released by tumor
cells. Increased levels of angiogenic factors such as IL-8
have been detected in several myeloid and lymphoid
haematological malignancies (19, 20). It is shown that
BCR-ABL oncogene contributes to VEGF- mediated
angiogenesis through activating the PI3-kinase, AKT,
mTOR and HIF-1a pathways. The functional role of
exosomes in tumor progression has yet to be elucidated,
but investigations have indicated the importance of CML-
derived exosomes in regulating crosstalk between leukemic
and stromal cells in tumor microenviroment and their direct
effect on endothelial cells by modulating
neovascularization.

Taverna et al. isolated and characterized the
exosomes released from LAMA84, a human CML cell line,
for the first time. They demonstrated that treating human
vascular endothelial cells (HUVECSs) with CML cells-derived
exosomes could stimulate in vitro angiogenesis related
functions including motility, cytokine production, cell
adhesion and cell signaling, as well as angiogenesis
induction in a nude mice model. LAMA84-derived

exosomes increased IL-8 expression in the HUVECSs. In
addition, endothelial cells stimulated by exosomes
enhanced mRNA level of cell-cell adhesion molecules,
VCAM-1 and ICAM-1, expression in a dose- and time-
dependent manner (21). VCAM-1 and ICAM-1 are
expressed by cytokine-activated endothelial cells during the
inflammatory process (22). IL-8 neutralization, however,
could inhibit LAMA84 exosome-stimulated increase of
ICAM-1 and VCAM-1in HUVECs. LAMA84 exosomes could
also mediate cell migration process, which is critical for
angiogenesis, via affecting VE-cadherin and f catenin
expression. The linkage of VE-cadherin to the cytoskeleton
is critical for adherens junction organization and strong cell-
cell interaction (23). VE-cadherin expression reduction and
the translocation of § catenin from the plasma membrane
to the cytoplasm and nucleus was detected in exosome
treated HUVECSs. Loss of VE-cadherin and alteration of B
catenin distribution could affect the maintenance of
adherens junction and promote permeability, proliferation,
activation, mobilization of endothelial cells, and
angiogenesis (24). Additional analysis revealed that the
exosomes might regulate signal transduction in HUVECs
by inducing the phosphorylation of extracellular signal-
regulated kinase (ERK)/ mitogen-activated protein kinase
(MAPK) signaling pathway. Indeed, Exosomes released
from CML cells could activate signal transduction pathways
leading to IL-8 production with active angiogenic phenotype
(24). It was demonstrated that the exosomes released by
K562 CML cells can promote vascular differentiation and
angiogenesis through focal adhesion kinase (FAK), a
substrate of Src kinase, phosphorylation and its
downstream pathway’s activation in HUVECs (25). FAK
mediates both normal and tumor cell migration and
correlates to several signaling pathways such as the
ERK2/MAPK cascade and Rho-family GTPases. FAK-Src
kinase disassembles focal adhesions via activating
intracellular proteases such as calpain and extracellular
matrix metalloproteinases (26) and regulates cadherin-
mediated cell-cell contacts. Recent findings also revealed
that the exosomes derived from K562 CML cells could
induce neo-angiogenesis in the chorioallantoic membrane
by increasing VEGFR1 expression (27).

MiRNAs, as a part of exosome cargo, can control
gene expression, regulate physiological function, and
induce pathological processes in target cells (28). There
are evidences suggesting that exosomal miRNAs’, derived
from the K562 cells, have putative role in metabolism, cell
cycle, cell adhesion, angiogenesis, tumorigenesis
processes and CML progression (29, 30). Feng et al
showed up-regulation of 49 miRNAs in K562 cells-derived
exosomes. Bioinformatical analysis, Gene Ontology, and
KEGG pathway analysis indicated that miRNAs
upregulation in exosomes may be associated with Wnt
signaling pathway, cell adhesion, cell migration, negative
regulation of apoptotic process and Wnt receptor signaling
pathway, positive regulation of mesenchymal cell
proliferation and cell proliferation. They found several CML
exosomal miRNAs including; miR-3646, miR-298, miR-299-
5p, miR-1827, miR-665, miR-4268, miR-4290, miR-483-3p,
miR-498, miR-525-5p, miR-3611, miR-3686, miR-711, miR-
423-5p, miR-4279, miR-3915, miR-1973, miR-3201, miR-
612, miR-943 and miR-518b which might modulate the Wnt
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signaling pathway and promote the proliferation, migration,
angiogenesis, invasion, and metastasis of CML cells via
manipulating the microenvironment (29). In hypoxic
conditions, K562 CML cells secrete exosomes with high
levels of miR-210 that could enhance tube formation in
HUVECs. MiR-210 targets the receptor tyrosine kinase
ligand, Ephrin-A3 (EFNA3), and down-regulates its
expression. The regulatory role of EFNA3 in angiogenesis
is still unclear. It seems that, EFNA1-EphA2 interaction
could potentially regulate VEGF signaling and
angiogenesis. Since EphA2 can also bind to EFNA3, it
might act as a negative regulator for angiogenesis.
Therefore, high exosomal miR-210 expression would
enhance HUVECs tube formation through EFNA3 down-
regulation (30). The miR-17-92a cluster in K562-derived
exosomes, especially miR-92a, has been known as an
angiogenesis regulator. Exosomal miR-92a internalize
endothelial cells and enhance their migration and tube
formation by reducing integrin a5 protein expression (31).
LAMA84 CML-derived exosomes could also transfer MiR-
126 that plays a critical role in angiogenesis. MiR-126 in
exosomes secreted from LAMA84 CML cells, could be
transferred to endothelial cells and down-regulate the
expression of CXCL12 and VCAM1through targeting the 3’
UTR region of their mMRNA. CXCL12 and VCAM1 are two
important components in bone marrow niche (32, 33) .
Some studies have suggested that the modulation of
CXCR4/CXCL12 chemotaxis gradient is likely to be
associated with CML blastic cells migration to the
circulation. Taverna et al. have hypothesized that in early
stages of blastic cells migration, exosomal miR-126
induces VCAML1 expression in endothelial cells to attach
leukemic cells on the endothelium. During the late stage,
following a prolonged exposure of endothelial cells with
exosomes, the expression of CXCL12 and VCAM1 will
reduce, and leukemic cells will migrate towards a richer
source of chemo attractants (21). Exosomal cargo would
be regarded as a linkage between CML cells and other
cells in tumor microenvironment, although the functional
mechanisms have not yet been clarified completely.
According to aforementioned studies, the critical role of IL-8
in modulating CML progression by CML-derived exosomes
can never be overstated. IL-8 mediates paracrine effects
that affect leukemic cells and their microenvironment.
Furthermore, the expression of various adhesion
molecules, and chemokines as well as different signal
transduction  pathways, which are contributed to
angiogenesis and cell migration, can alter the behavior of
tumor cells and their microenvironment, and promote tumor
progression via exosomal cargo.

CML-derived exosomes and leukemic cells
proliferation and survival: In the context of tumor growth,
sustained activation of several molecular mechanisms in
tumor cells causes tumor growth and survival. For instance,
these mechanisms can lead to tumor cell resistance to
apoptosis or tumor escape from immune response that
appears to favor tumor progression (34, 35). Recent
investigations have suggested that the tumor cells-derived
exosomes could involve in tumor cell proliferation, growth,
and survival through activating signal transduction
pathways. CML cells exposure to the exosomes derived
from LAMAS84-culture might promote proliferation and

colony formation in a dose-dependent manner.
Furthermore, CML xenograft mouse models treated with
LAMAS84-derived exosomes demonstrated greater tumor
size than those in the control group without any treatments.
Real time PCR and western blot analysis demonstrated an
increase in BCL-w, BCL-xI, and survivin anti-apoptotic
molecules and a reduction in BAD, BAX, and PUMA pro-
apoptotic molecules as a result of CML cells stimulation
with exosomes (36). CML exosomes are enriched with
transforming growth factor B1 (TGF- 1), that is a
multifunctional cytokine with various functions such as
controlling cell growth, cell proliferation, cell differentiation,
and apoptosis. TGF-B1 signaling inhibition might suppress
the exosome-induced anti-apoptotic phenotype of CML
cells (36). Therefore, the interaction between TGF- (31-
enriched exosomes and TGF- B1 receptors on CML cells
could lead to cells proliferation and survival by activating
anti-apoptotic pathways (37). Moreover, CML-derived
exosomes can stimulate ERK and Akt phosphorylation and
NF-kB activation in LAMA84 leukemic cells. The PI3/Akt or
MAPK/ERK pathways are likely to control cancer cells
growth and survival (38). NF-kB is a major transcription
factor that regulates genes responsible for survival,
apoptosis, and immune response while interacting with
different signaling pathways such as PI3/Akt (39). CML
cells derived exosomes are able to promote leukemic cell
proliferation and survival by stimulating direct autocrine
effects and cell growth signal transduction pathways, and
inhibiting apoptotic pathways (36). Such exosomes are also
thought to activate bone marrow (BM) stromal cells to
produce IL-8 and stimulate an IL 8-mediated autocrine loop
in BM stromal cells both in vitro and in vivo. Exosomes
released from CML cells appeared to modulate IL-8
expression in bone marrow microenviroment. It is
confirmed that the receptors of IL-8, CXCR1 and CXCR2,
are expressed on CML cells. IL-8 regulates CML cells
behavior in BM microenvironment and enhances malignant
cells survival through their adhesion to BM stroma. Signal
transduction pathways analysis has indicated the impact of
IL-8 in Akt phosphorylation induction in CML cells which
promotes leukemic cells survival due to CML cells derived
exosomes stimulation (40). Leukemic cells could also
produce exosomes containing PAK2 (p2l-activated
kinases) as an upstream regulator of STATS5 transcription
factor in BCR/ABL1+ cells. Exosomes containing PAK2
protein, along with other PAK isoforms, play essential role
in disease initiation, maintenance, and endothelial
proliferation (41).

CML-derived exosomes and bone marrow niche: The
bone marrow niche is a local tissue microenvironment that
supports and regulates self-renewal of normal and
malignant hematopoietic cells. BM niche is comprised of
several cellular compositions including; MSCs, endothelial
cells, osteolineage cells, and hematopoietic stem cell
(HSCs) progeny (42). As mentioned before, a cross talk
between BM niche and leukemic cells is essential for
cancer progression and drug resistance (43). Exosomes
released from CML cells acquire the ability to remodel a
normal hematopoietic niche to a tumor-supportive
microenvironment. Corrado and colleagues have found that
CML cells-derived exosomes could stimulate amphiregulin
(AREG)-epidermal growth factor receptor (EGFR) axis in
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BM stromal cells and induce IL8 secretion. LAMA84 and
CML cells-derived exosomes contain amphiregulin protein,
which is an EGFR ligand with an ability to activate EGFR
signaling pathway in stromal cells and involves in
apoptosis, angiogenesis, tissue invasion, and metastasis
(44). EGFR has some downstream targets that induce
several cytokines or growth factors production and regulate
cell proliferation, migration and apoptosis (45). SNAIL, a
downstream target of EGFR, activation following EGFR
signaling will regulate IL-8 and MMP9 expression in stromal
cells (44, 46). Furthermore, the increase in annexin A2
expression in BM stromal cells after CML cells derived
exosomes release could promote leukemic cells adhesion
to BM stromal layer, tumor growth and invasion. Annexin
A2 contributes to various cancer progression processes
including cell proliferation, adhesion, migration, invasion,
and angiogenesis. Moreover, this protein modulates
EGFR/Ras pathway indirectly in association with different
signal transduction molecules such as Src tyrosine kinases,
Rho, Cdc42, Ras and GTPase activating protein (GAP)
(44). K562 cells-derived exosomes can affect bone
marrow-derived mesenchymal stem cells (BM-MSCs) and
macrophages in providing a supportive immunosuppressive
microenvironment for leukemic cells. These exosomes
would alter the expression of CXCL2, Dickkopf-related
protein 1 (DKK1), Wnt5a, and TNF-alpha as well as the
production of nitric oxide (NO) and reactive oxygen species
(ROS) in BM-MSCs and macrophages (47). Exposure to
CML cells-derived exosomes can down-regulate CXCL12
expression in BM-MSCs. BM resident MSCs produce
CXCL12 chemokines that support the hematopoietic cells'
function and maintenance. It seems that CXCL12 reduction
after the exposure to exosomes will decrease the number
of normal HSCs and promote CML leukemic cells growth.
Moreover, high CXCL12 expression in BM-MSCs may
induce drug resistance by protecting leukemic stem cells
against drug-induced apoptosis. CML cells-derived
exosome dysregulates the expression of Wnt signaling
inhibitors including Wnt5a and DKK1 and induces
oncogenic effects (48, 49). DKK1 and Wnt5a could
indirectly support the immunosuppressive effects,
accumulation of myeloid-derived suppressor cells
(MDSCs), cell proliferation and migration via B-catenin
down-regulation (50, 51). TNF-a is another cytokine in a
leukemic niche that significantly increases in both BM-
MSCs and macrophages after treatment with K562-derived
exosomes. It has been shown that the presence of TNF-a
in the BM provides an inflammatory niche to support the
proliferation and maintenance of stem cells and progenitor
cells (52), angiogenesis, extra-medullary infiltration,
immune suppression, and drug resistance in CML and
other hematologic malignancies (53). CML cells-derived
exosomes can also impair redox balance (oxidation-
reduction reactions) in the macrophage and BM-MSC in
favor of tumor-promoting microenvironment. Ren et al.
have reported the suppressive effect of BM-MSCs in cell
proliferation and immune function by elevating NO
production (54). Furthermore, an increased level of NO
has been detected in CML patient's serum (55). NO
increases in BM-MSCs after exposure to exosomes,
therefore, may attribute to immunomodulation,
angiogenesis, cellular function, and tumor behavior. In

addition, exosome- induced TNF-a and NO production may
direct macrophages polarization toward tumor-associated
M2-like (TAM2) phenotype (56). Gao et al. have declared
that in CML chronic phase mouse model, the miRNA
content of CML cells-derived exosomes would affect BM
niche by inhibiting osteogenesis and promoting leukemic
cells proliferation both in vitro and in vivo. They showed
that miR-320 family, within CML cells-derived exosomes,
are involved in leukemic niche remodeling (57). MiR-320
family are tumor suppressor miRNAs that can target the
BCR/ABL oncogene and B-catenin directly, and contain the
AGAGGG motif which may control their exosomal sorting
(58). This family can influence both leukemic cells and
adjacent resident cells in BM niche including BM-MSCs.
Transfection of K569 CML cells with miR-320a reduces
endogenous BCR/ABL expression and inhibits cell
proliferation by arresting cell cycle at G1 phase. On the
other hand, miR-320a can down-regulate (-catenin, a
transcriptional regulator of canonical Wnt signaling, and
stimulates osteogenesis. Blast crisis CML (CML-BC)
patients have lower intracellular levels of miR-320
expression but higher plasma exosomal miR-320 levels
than chronic phase CML (CML-CP) patients (57).
Moreover, RNA-binding proteins ,HNRNPA1, responsible
for exosomal RNA export and specific exosomal miRNA
sorting, would be elevated in both CML-CP and CML-BC
cells in mRNA and protein levels (59). Recent studies have
proposed that the exosomal miR-320 might be transferred
from leukemic cells to BM-MSC. This transportation is
associated with miR-320’s intracellular level decrease in
leukemic cells and cancer cell proliferation. On the other
hand, receiving exosomal miR-320 from BM-MSC causes
B-catenin inhibition and osteogenesis (57). Various CML-
derived exosomes effects on the disease progression are
summarized in figure 1.

CML cells-derived exosomes and drug resistance:
Imatinib resistance remains a significant complication of
treatment for CML which develops in approximately 20% to
30% of the patients (60, 61). Accumulated evidence has
identified exosomes that can induce drug resistance in
target cells. Imatinib-resistant exosomes derived from CML
cells could be transmitted to imatinib-sensitive CML cells
and induce drug resistance in these cells. Analyzing
exosomes’ MiIRNA profile has confirmed the up-regulation
of different miRNAs in drug resistant cells. Among these
up-regulated miRNAs, miR-365a showed the highest
expression level in imatinib resistant cells and imatinib
resistant cells-derived exosomes. miR-365a inhibits cell
apoptosis by down-regulating the expression of pro-
apoptotic related proteins, BAX and CASPASE-3, and
rendering CML cells resistant to imatinib-induced apoptosis
(62).

Exosomes and their Therapeutic applications: Several
immunomodulatory characteristics have been reported for
tumor-derived exosomes. Therefore, it is suggested that
exosomes can be used in cancer immunotherapy and other
therapeutic strategies. Emerging evidence showed that
exosomes containing tumor antigens can stimulate the anti-
tumor immune responses (63). Phase | clinical trials in
human melanoma and non-small cell lung cancer have
proven the safety, feasibility, and immunogenicity of
patient-specific exosomes. In this study, dendritic cells-
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derived exosomes loaded with tumor antigens could induce
both innate and adaptive immune responses, disease
control, and long-term survival in some patients (64).
Exosomes may be potential candidates for vaccine design
against infection, allergy, and autoimmune diseases (65-
67). These exosomes have also proven to be a valuable
tool for the delivery of therapeutic agents such as anti-
inflammatory agents, RNA interference (SiRNA), microRNA
regulatory molecules, and other single-stranded
oligonucleotides (68, 69). Dong et al. have evaluated
therapeutic exosomes in CML and reported the ability of
alkalized exosomes in sensitizing cells resistant to imatinib.
Although the underlying mechanisms of imatinib resistance
have not fully understood, some miRNA families such as
miR-328 are suggested to be responsible in imatinib
resistance. Lysosomal degradation of endogenous miR-
328 decrease its concentration and lead to imatinib
resistance in K562 CML cells, subsequently. ABCG2
expression increases as a result of miR-328 expression
reduction. A subfamily of ATP-binding cassette
superfamily G member proteins encoded by ABCG2 gene
could transport molecules across cell membranes. ABCG2
overexpression reduces the intracellular concentration of
imatinib when transfers to the outside of the cell
Therapeutic delivery of alkalized exosomes with or without
miR-328, could block miR-328 degradation and sensitize
cells resistance to imatinib (70). Another study revealed
that curcumin is likely to play an antineoplastic role in an
exosome-mediated manner. Treating CML cell lines with
curcumin induces selective packaging of miR-21 in CML-
derived exosomes that decreases miR-21 in cells,
consequently. MiR-21 decrease may cause phosphatase
and tensin homolog (PTEN) overexpression, an antagonist
of the PI3K-AKT pathway, which in turn decreases AKT
phosphorylation, suppresses PI3K/AKT signaling pathway,
and down-regulates VEGF expression, leading to the
inhibition of leukemic cell’s growth and migration. Taken
together, it seems that curcumin could potentially mediate
antineoplastic effects via exosomal disposal of miR-21 (71).
Bellavia et al. have utilized exosomes as vehicles for
specific drug delivery to the tumor site. Considering high
expression of IL3 receptor (IL3-R) on CML blasts, they
could target IL3-R for specific drug delivery. Firstly,
HEK293T cell was engineered to express fused protein
Lamp2b and a fragment of interleukin 3 (IL3-Lamp2b
(IL3L)) as a source of exosome. Then, exosomes
containing IL3L were loaded with either imatinib or BCR-
ABL siRNA. In vitro analysis revealed that treatment of
LAMAB84 and K562 cell lines with both Imatinib- and BCR-
ABL siRNA-loaded exosomes reduced viability of leukemic
cells. In vivo study in LAMA84 -inoculated NOD/SCID mice
model confirmed the efficacy of imatinib- and BCR-ABL
SsiRNA-loaded exosomes in inhibiting tumor growth and
reducing tumor size as compared to other groups. They
also showed abundant IL3L exosomes accumulation in the
tumor site short time after injection. Therefore, it is
suggested that exosomes are able to be applied as a
suitable vehicle for specific targeted therapy in CML (72).

CONCLUSION
CML cells communicate with other leukemic cells and
tumor microenvironment cells such as bone marrow

stromal cells, mesenchymal stem cells, endothelial cells,
immune cells, etc. via exosomes. CML cells-derived
exosomes can affect angiogenesis, leukemic cell
proliferation, and survival as well as drug resistance.
According to the above described studies, these exosomes’
content can regulate different signal transduction pathways
such as ERK/MAPK, Akt, Wnt, NFkB, and involve in
disease induction and progression. However, most of the
research studies have been conducted using in vitro cell
culture-based systems. Therefore, it is essential to design
experiments based on relevant physiological experimental
conditions and CML animal models to clarify the exact
biogenesis, trafficking, and homeostatic or pathological
functions of exosomes. Although exosomes are potential
tools for identification CML pathogenesis and treatment,
further studies are needed for applying exosomes in clinical
cancer diagnosis, staging, and therapy.
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Figure 1: CML-derived exosomes effects on the disease progression. CML cells derived exosomes could affect other tumor cells and
TME cell's properties. Exosome can promote angiogenesis by inducing IL-8 expression and adhesion molecules (VCAM-1, ICAM-1) along
with decreasing V-cadherin and translocating b-catenin in endothelial cells. Exosomes also increase tumor proliferation and survival by
elevating anti-apoptotic and reducing pro-apoptotic molecules. TGF-B- enriched exosomes induce proliferation and differentiation of
leukemic cells. BM stromal cells’ exposure to exosomes could elevate annexinA2 expression on their surface and promote leukemic cell
adhesion on the stroma. Exosomes could decrease CXCL12 release by MSCs in BM niche which is associated with HSCs support reduction
and leukemic cell growth induction. Exosomes can provide an immunosuppressive TME through the accumulation of MDSCs and
macrophage polarization to M2 phenotype.
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