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Introduction
 Chronic myeloid leukemia (CML) is a 
clonal myeloproliferative disorder of the early 
stem cell myeloid progenitors, characterized by 
the presence of a reciprocal chromosomal trans-
location t(9:22), which results in synthesis of a 
fusion BCR-ABL onco-protein (1,2). BCR-ABL 
is constitutively activated tyrosine kynese which 
activate a number of downstream signaling 
cascades (3). BCR-ABL is targeting Ras, 
PI3K/Akt and Jak/Stat signaling pathways, 
which regulate cell proliferation and apoptosis. 
The fusion TK is eliminating leukemia cells 
dependence on external growth factors by upreg-
ulation interleukin-3 production and altering the 
cell adhesion properties by modulating expres-
sion and activation of local adhesion kinase and 
associated proteins (4,5). The characteristics of 
the chronic phase of CML, proliferation of the 
malignang myeloid population and premature 
release in circulation can therefore be explained 

by activation of mutagenic pathways, antiapop-
totic pathways. These same characteristics, 
increased mutagenicity and decrease susceptibil-
ity to apoptotsis may also be responsible for 
disease progression (6). Different options of 
treatment have been explored in CML, including 
arsenic trioxide, splenic irradiation, hydroxycar-
bamide, busulphan, but all of them can only 
control the proliferation of white blood cells 
with no effect over the disease progression to 
accelerated phase and blast crisis. The introduc-
tion of INF-α induced cytogenetic remission and 
increased survival (7), especially in patients with 
early chronic phase (8,9). The only curative 
treatment is stem cell transplantation, however, 
as long as the average age of onset is >50 years 
of age, together with the inability to find suitable 
donor limits this option for most of the patients 
(10). The invention of imatinib mesylate, a 
selective tyrosine-kinase inhibitor, the cytoge-
netic response and prognosis of CML

 Abstract: Exosomes are small extracellular vesicles shed by wide variety of cell 
types. These vesicles can be found in almost any human`s body fluid and serve as carriers 
of signal molecules and regulating factors involved in many different physiological and 
pathological processes. The presence of exosomes during Chronic Myeloid Leukemia 
development and progression as well as their role in modulation of the tumor microenvi-
ronment is well studied. Due to the high specificity of the exosomal membrane receptors 
these vesicles deliver their cargo to the target cells with a precision characteristic for 
highly evolved biological systems. Investigation of the exosomal formation, release and 
target association could contribute substantially to the advancements of the modern medi-
cine. Further, exosomes may serve not only as a tool for diagnostics and in disease prog-
nosis but to be implemented as part of the active treatment regimens of the CML patients.

Key words: exosomes, CML, miRNA, metastasis, angiogenesis

Faculty of Pharmacy *1, Medical University of Sofia, Sofia, Bulgaria.
Medical College 2, Medical University of Pleven, Pleven, Bulgaria.

P. Donchev *1, K. Kaloyanov 1, M. Yotova 2, G. Momekov 1, S. Konstantinov 1

EXOSOMES IN CML DEVELOPMENT AND PROGRESSION

72



73PHARMACIA, vol. 64, No. 4/2017Exosomes in CML development and progression 

chronic phase has significantly improved. Imati-
nib acts as a competitive inhibitor of ATP, which 
inhibits the neoplastic clone proliferation and 
has a significant effect on haematological and 
cytogenetics level.  However, some patients with 
advanced disease may develop resistance to Ima-
tinib caused by secondary mutations or due to 
amplification of BCR-ABL (11). Additionally 
the interaction between the leukemic cells and 
the bone marrow play an important part in CML 
pathogenesis (12). In this respect, interesting 
opportunity is investigating the possibilities to 
manipulate the microenvironment regulating the 
growth, survival and drug-resistance of leukemic 
cells (13). Both, cancerous and non-cancerous 
cells are exchanging large variety of cytokines, 
adhesion molecules, growth factors, mediating 
intercellular communication within the tumor 
microenvironment, and thus building a suitable 
niche for leukemia cell growth and expansion. 
Recently, a lot of information has been gathered 
regarding the functional role of exosomes in the 
crosstalk between normal and cancerous cells 
serving as carriers of various signal molecules 
through the tumor microenvironment. Exosomes 
are cell derived vesicles, present in many 
eukaryotic fluids with diameter between 30 and 
100 nm. Exosomes are either released from the 
cell when multivesicular bodies fuse with the 
plasma membrane or released directly from the 
plasma membrane (14). Further, exosomes have 
been identified to play central role in modulation 
of interactions between cancer cells and micro-
environment (15,16). It is also well documented, 
that CML cells are shedding large amount of 
exosomes that interact with endothelial cells as 
well as with bone marrow stromal cells, leading 
to progression of the disease (15,17,18). 

Angiogenesis and CML
 The formation of new blood vessels is 
defined as angiogenesis. It is complex process of 
modulation of the extracellular matrix proteins, 
proliferation and migration of endothelial cells 
taking place in several steps (20). Various 
growth factors are implicated in angiogenesis, 
some of them with stimulating effect [fibroblast 

growth factor-2 (FGF-2), transforming growth 
factors (TGF-α, TGF-β), matrix metalloprotein-
ases (MMPs), IL-8], and other with suppressing 
role [tissue inhibitors of metalloproteinases 
(TIMPs) and platelet factor-4 (PF-4)], with 
precise physiologic control over them (21,22). In 
cancer, the balance between those factors is 
disrupted due to the release of cytokins by 
myeloid cells stimulating the endothelial cells of 
the host to produce new blood vessels (23). 
Recent findings about CML demonstrate that the 
disease progression is linked with angiogenesis 
(24). Evidence for this are the measured higher 
levels of angiogenic factors like FGF-2 and HGF 
together with increased vascularization of the 
marrow (25). BCR-ABL also has a role in CML 
angiogenesis, which is why a possible interac-
tion between leukemia cells and the bone 
marrow in the pathogenesis of CML has been 
hypothesized (19).

Exosome secretion
 Exosomes are membrane vesicles 
produced by the endoplasmic reticulum and have 
been reported to be secreted by many different 
cell types like epithelial cells (29), mast cells 
(27), T-cells (27), B-cells (26), platelets (28) and 
many more. With the help of electron microsco-
py (EM), the EV have been observed present in 
the late endosomes, which are released in the 
extracellular space through process of merging 
of endosomes with the cell membrane (30,31). 
They have been isolated from both, cultured 
cells and from body fluids like plasma (32), 
synovial fluid (34), urine (33), and seminal 
plasma (prostasomes) derived from prostate 
cells (35). As part of the multivesicular bodies 
(MVBs), exosomes originate from intraluminal 
vesicles (ILVs) produced after inward budding 
of the endosomal membrane, which is why they 
contain cytosol from the cell. MVBs take part in 
transportation of proteins, and after merging 
with plasma membrane they can deliver intralu-
minal vesicles in the extracellular space, and 
thus releasing exosomes (31). During formation 
of the ILVs, the proteins and lipids are packed 
within membrane of the endosomes, therefore 



the secreted exosomes contain cargos corre-
sponding to the environment of the late endo-
somes (36).

Biochemical composition of exosomes
 The exosomes composition strongly 
depends on the type of cell which they are secret-
ed from and the biological process happening 
within the endosomes. Using different analytical 
methods the presence of many common as well 
as cell-type specific proteins has been reported. 
For example exosomes from mast cells, B cells 
and DCs contain molecules like CD54, CD80 
and CD86 along with MHC class I and class II 
complexes (38,39). Exosomes from reticulo-
cytes contain transferrin receptor (41), while 
cytotoxic T cell derived exosomes contain 
specific proteins like perforin and granzymes 
(40). Important part of the exosomes` membrane 
is the family of the so called tetraspanins (39). 
Tetraspanins play a critical role in migration, 
spreading and are important in regulation of 
integrin compartmentalization, recycling and 
signaling (42). Tetraspanins also could influence 
invasiveness by modulating biosynthesis of 
MMPs as well as regulating cell trafficking and 
adhesion (43). Typical examples of tetraspanins 
are CD9, CD63, and CD81. Another important 
constituent of exosomes are heat shock proteins 
like Hsp90, Hsp70, Hsc71 (44,37). Heat shock 
proteins are involved not only in the protein fold-
ing processe, but also in antigen presentation by 
binding to antigen peptides and loading them 
onto MHC molecules (45). Exosomes include 
signal transduction molecules, various metabolic 
enzymes, and carry on their surface CD55 and 
CC59 molecules allowing them avoid comple-
ment lysis (46). Sets of all specifically expressed 
molecules could be found on the surface of 
exosomes, such as integrins (αM on DCs, β2 on 
DCs and T cells), immunoglobulins (A33 
antigen on enterocytes, P-selectin on platelets, 
intercellular adhesion molecule 1 (ICAM1) and 
CD54 on B cells).
 Another very important payload of 
exosomes are different types of mRNAs and 
miRNAs. For example the microarray assess-

ment of exosomes, released by human mast cells 
contain approximately 1300 different RNAs 
(47). MicroRNAs (miRNAs) are small non-cod-
ing nucleotides with average length of 22 nucle-
otides that possess regulatory functions on gene 
expression. The life cycle of miRNAs starts with 
transcription of primary miRNA (pri-miRNA) 
from the genome by RNA polymerase II. At the 
next step the nuclear RNase Drosha process 
pre-miRNAs into hairpin precursor miRNA 
(pre-miRNA), which are then transported into 
the cytoplasm via Exportin-5, where a mature 
miRNA is formed (48). Then, one strand of the 
mature miRNA is integrated into Argonaute 
(Ago) protein-containing miRNA-induced 
silencing complex (miRISC) which consecutive-
ly targets mRNA and as result lead to repression 
of gene expression (49). Additionally, Ago from 
miRISC complex could interact with Dcp1 and 
Dcp2 proteins of the so-called P-bodies (50) 
(cytoplasmic foci, comprised of enzymes 
involved in RNA turn-over), the resulted forma-
tion fuses with late endosomes which in turn 
releases miRNA-containing exosomes. Exo-
somes are then taken up by a target cells via 
receptor-ligand interaction, interfering with 
recipient cells genes. Interestingly, the latest 
research in the field have shown that exosomal 
miRNAs are free of Ago (51) and more than 
90% of Ago bounded miRNAs are found outside 
of extracellular vesicles (52,53). The active 
miRISCs have been found to be incorporated 
into the early endosomes (54), which in a later 
time point is separated from miRNAs that are 
selectively incorporated by hnRNPA2B1 and 
hnRNPA1 (55) into late endosomes before 
exosome release.

Exosomes in cancer
 At the very early stages of cancer devel-
opment cancer cells are starting modifying the 
environment by affecting intercellular communi-
cations and by secretion of different cytokins 
and factors as TNFα, TGFβ, VEGF, which are 
responsible for activation of numerous different 
cell types. Moreover, the latest findings have 
exposed the role of exosomes in cancer
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development and progression serving as carriers 
of signal molecules that trigger specific reactions 
in the target cells.
  Cancer derived exosomes play a central 
role in processes like tumor invasion and metas-
tasis. For example the extracellular vesicles are 
involved in development of the premetastatic 
niche and setting up the microenvironment at 
distant sites of the organism by remodelling the 
extracellular matrix, influencing cell to cell com-
munication and by promoting angiogenesis (56). 
As integrated part of cell-cell interactions, cell 
adhesion and migration, CD44 is naturally 
required together with exosomes and  soluble 
stroma in the process of activation of endothelial 
cells in the premetastatic organ (57,58). Another 
interesting feature of EVs is the ability to shuttle 
inhibitors of apoptosis, secreted as a response of 
stress conditions, promoting cell survival. Typi-
cal example is survavin, an anti-apoptotic 
protein, which can be taken up from the extracel-
lular media and as a result to interfere with the 
cancer cells apoptotic mechanisms as well as to 
stimulate replication and metastasis of the host 
cell (59). Exosomes from certain tumors are also 
transporting TGF-β, responsible for differentia-
tion of fibroblasts into myofibroblasts and as a 
result adjusting the stromal properties in foster-
ing tumor growth, vascularizaion and metastasis 
(60). Tumor-derived exosomes are also capable 
of directly suppressing the activation of effector 
T cells by expressing FasL and TRAIL ligands 
(61, 62). Another example of the EVs ability to 
regulate immune system is the inhibition of 
NKG2D dependent cytotoxicity of NK cells and 
CD8+T cells by a ligands delivered by exosomes 
secreted from human breast cancer and mesothe-
lioma cell lines (63,64). 
 Exosomes are also responsible for the 
exchange of proteins and genetic materials, 
important for cell to cell communications (65). 
The presence of miRNAs in exosomes has long 
ago been described. These miRNAs can alter 
significantly the plasticity of cancer cells thus 
promoting metastasis and angiogenesis. The 
exosomal RNA can not only affect other cancer 
cells, but also cells within the tumour microenvi-

ronment like endothelial cells, fibroblasts and 
others acting to abrogate the host immune 
system and stimulate cancer progression.

Exosomes and CML
 The recent studies reveled that exosomes 
secreted by LAMA84 cells increase IL-8 mRNA 
in HS5 bone marrow stromal cells (BMSCs), 
which as a result promotes adhesion of 
LAMA84 cells to HS6 monolayer (66). 
LAMA84 derived exosomes also can directly 
promote survival of the releasing cells by lower-
ing expression of pro-apoptotic genes: BAX, 
BAD and PUMA, elevating expression of 
anti-apoptotic genes Bcl-xL, BCL-w and 
BIRC5. Additionally, the secreted exosomes 
also led to increase of NF-kB and TGF-β1 levels 
and activated PI3K/Akt and MAPK/ERK signal-
ing pathways (67). Taverna et all, also reported 
that exosomes generated from LAMA84 cells 
induced an increase of ICAM-1 and VCAM-1 
cell adhesion molecules and IL-8 expression in 
human vascular endothelial cells (HUVEC), 
which was paralleled by a dose-dependent 
increase of adhesion of CML cells to a HUVEC 
monolayer. Moreover the treatment with 
exosomes increased the endothelial cell motility 
accompanied by a loss of VE-cadherin and 
β-catenin from the endothelial cell surface (68). 
Another confirmation of the role of exosomes in 
the formation of tube-like structures is the 
evidence for exosomes transferring miR-92 and 
activating Src signaling pathway in HUVEC 
cells (69)(70). A characteristic feature of CML is 
the activation of the Src kinase family, necessary 
for the BCR-ABL signaling (71). Exosomes 
derived from K562 cells, another CML estab-
lished cell line, induces phosphorylation of Src 
and activates downstream pathways (72). Inter-
estingly, this process could be blocked by Dasat-
inib. Importantly, miRNA-92a, representative of 
the miR-17-92 cluster, is found in exosomes 
release by K562 cells, which correlates with 
downregulated integrin a5 (target gene of 
miR-92a) in HUVEC cells. Increased secretion 
of miRNA-92a stimulates substantially



cell migration and tube formation in HUVECs 
(73).
 CML isolated exosomes, secreted in 
hypoxic conditions possess stronger ability to 
induse tube formation in HUVECs compared 
with exosomes from cells conditioned in 
normoxia. The latter effect could be explained 
by higher levels of miR-210 in hypoxic leukemia 
exosomes, which down-regulates the angiogene-
sis inhibitor - EFNA3 (74). 

Conclusions
 Clearly, the unique composition of the 
exosome`s membrane as well as their cargo 
(signal proteins and miRNAs) makes them an 
ideal subject for diagnostic analysis for wide 
variety of diseases and pathological processes. It 
is well established that exosomes play a crucial 
role in the process of tumor metastasis by modu-
lation of the tumor microenvironment, manipu-
lating the target cell`s signal pathways and by 
switching on and off oncogenic genes. Further-
more, exosomes are largely involved in the 
process of development of chemotherapeutic 
resistance and cancer recurrence without the 
presence of any additional genetic mutations. 
Very promising research area is the investigation 
of the interactions between the exosomal 
miRNAs and target cells genes and control 
mechanisms. The exchange of miRNA mole-
cules is happening passively and actively 
between many different cell types in bidirection-
al manner allowing very large variety of cell to 
cell communications. Understanding the mecha-
nisms of miRNA uptake would elucidate the 
downstream effects of exosomes over the target 
cells. The information obtained by exosome 
analysis would allow physicians in the near 
future to be able to apply individualized patient 
therapy. Additionally the exosomes themselves 
could be implemented as a tool for cancer thera-
py using them as vehicles for either cancer drugs 
or miRNAs with therapeutic effects. In CML 
particularly, the inhibition of exosomes release 
on one hand and in the same time implementa-
tion of extra cellular vesicules as a target deliv-
ery systems may be the answer to the successful 

therapy with very little recurrence rate. 
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