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Abstract

Microvesicles are membranous sac structures released from cell surfaces of many eukaryotic cells. Their presence in the blood and
urine also signify their potential use as biomarkers for early detection and diagnosis of different diseases. At present, synthesis and release
of these vesicles from mammary tumor cells and their role in disease progression requires further research. In this report, correlation of
microvesicles along with breast cancer metastasis has been explored. Metastasis is a process of a non-randomized set of events, which
begins with a loss of cancer cell adhesion at the primary tumor site. Later on, these cells invade the surrounding tissue and enter into
circulation. After compromising host immune response, these cells extravasate and localized at the suitable distant site for a secondary
growth. Involvement of microvesicles in modulating this process has also been observed. Microvesicles released from primary cancer cells
may carry mRNA, miRNAs, DNA and various proteins. These vesicles may also influence multi drug resistance as observed in breast and
leukemia cancer cell lines. A thorough understanding of microvesicles synthesis and their potential implication in metastasis would facilitate

the design of novel therapeutic approach for breast cancer.
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Introduction

icrovesicles (MVs) are membranous sac like structures
M originating from the plasma membrane of different eu-
karyotic cells. MVs contain tissue factor (TF) and sev-
eral other cell surface receptors for molecular cross-talks with
extracellular environments.' MVs may contain mRNA, miRNA,
DNA and proteins. Numerous factors such as cancer type, cell
cycle and tumor microenvironment influence on vesicle size,
composition and release. In recent years, the involvement of these
vesicles in regulating the immune response, multi drug resistance,
cell apoptosis, angiogenesis and inflammation in different cancers
have been observed.*® Membrane surfaces enriched with phos-
pholipid, phosphatidlyserine (PS) and lipid raft (cholesterol and
glycosphingolipids) are ideal MV release sites. These regions are
responsible for the synthesis of MVs via outward bulging, con-
striction, budding and release from their respective cells.”'" Ear-
lier, it has been identified that MVs differentiate from exosomes
on the basis of three factors a) mode of synthesis, b) composition,
and c) size of vesicles. Exosomes are formed by invagination of
cell membrane rather than membrane bulging outside. Exosomes
are smaller than MVs with a size range from 30 nm — 100 nm.
MVs size usually ranges from 100 nm — 1um with a maximum
shelf life of up to 1 hour.”? Exosomes also retain distinct multive-
sicular bodies (MVD) with the relatively reduced amount of PS as
compared to MVs.!3
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Association of Microvesicles (MVs) with Different Cancer

The prognostic significance of these vesicles in relation to dif-
ferent cancer, including ovarian,'* gastric,' head and neck, ' brain
tumor,'” and lung cancer,'® have also been explored. Previously, a
distinct protein profiling of MVs released from colon cancer cases
had been observed. Involvement of at least 49 proteins released
from MVs was correlated with tumorigenesis and metastasis.
Data generated from this research not only elucidate the biogen-
esis of MV but also support the design of therapeutic strategies for
colorectal cancer."

Over expression of both FAK (focal adhesion kinase) and EGFR
(epidermal growth factor receptor) was significantly correlated
with stage-wise cancer progression.?’ Association of both FAK
and EGFR in angiogenesis and metastasis of colorectal cancer has
also been observed in another study.’ Due to cancer heterogeneity,
a panel of factors responsible for MV germination is still lacking.
However, in the subsequent section, an effort to summarize all
those molecules influencing MV synthesis and release has been
discussed with a prime focus on breast cancer metastasis.

Upstream Factors for Triggering MVs Synthesis
Broadly, factors responsible for MV germination are divided
into two distinct but interlinked categories.

Intrinsic Factors

Involvement of ARF6 (ADP ribosylation factors 6) in invado-
podia formation was frequently observed in breast cancer cell
lines.”'# ARFG6 triggers protease release via an ERK mediated
pathway to alter cell morphology. These proteases were released
in MV packaging from cancer cells in the vicinity as observed
in both in vitro and in vivo models.”® Furthermore, the special-
ized proportion of cholesterol, PS and phosphatidylethanolamine
(PE) also regulate vesicle formation. These components mediate
membrane bending, aggregate amphipathic moieties in the lipid
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bilayer, and tensile strength required for MV synthesis,** Cyto-
skeleton proteins (actin and myosin) rearrangements also induce a
tensile strength for MVs release.” Three enzymes (flippases, flop-
pases, and scramblase) are found responsible for phosopholipids
mobility within the membrane. A prognostic association of these
enzymes in colorectal patients had also been reported.** However,
their involvement in breast cancer metastasis requires further re-
search. Hence, MVs formation is influenced by the activation and
regulation of several intrinsic factors.

Extrinsic Factors

Extrinsic factors regulate MVs synthesis as observed in various
cancer cell lines. Higher number of MVs was released from che-
mo-insensitive cell lines when compared with chemo-sensitive
lines. Earlier excessive release of cisplastin (CDDP) along with
MRP2, ATP7A, and ATP7B proteins in CDDP resistant human
ovarian cells was observed.?> Similarly, release of chemothera-
peutic drugs in chemo-resistant cells belonging to breast, colon,
leukemia, ovary, prostate origin in MVs, have studied.”® These
resistant cells use MVs to cargo various apoptotic factors, along
with chemotherapeutic drugs destined for cancer cells death. This
phenomenon is further explained in subsequent sections of effect
of MV on drug resistant. Cancer cells also release pro-apoptotic
factors (like caspase 3) in intercellular space as a self-protective
mechanism using these vesicles. This phenomenon of caspase-3
inactivaion is observed in MCF-7 cells lacking caspase-3 expres-
sion.”” Hence, cancer cells secrete MVs as a defense mechanism
against pro-apoptotic signals and as a drug resistant response.

Involvement of MVs in Breast Metastasis

Cancer metastasis is a set of non-randomized events starting
from cancer cell proliferation, release from the primary site, loss
of cell adhesion, invasion across the basement membrane, motili-
ty, localization at distant sites, and proliferation at secondary sites.
Identification and role of MVs at different stages of metastasis are
discussed in the subsequent section.

Effect of MVs in Cell Transformation

Cancer cells trigger oncogenic response either in the vicinity
or at distant site via released vesicles. MVs are also responsible
for the transformation of epithelial cells and fibroblasts by as ob-
served in MDA-MB-231 and U87. After exposure to MVs both
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aforementioned cell types showed anchorage independent growth
and enhanced survival.?® Similar findings of non-aggressive cell
transformation to aggressive state, were also observed in glioma
under the influence of EGFRVIII enclosed MVs. Cell transforma-
tion is also influenced by several other factors including mitogen
activated protein kinase, and TFs.? Furthermore, TFs also impart
a salient role in cancer cell proliferation. TF retaining MVs re-
lease is regulated by loss of p53 inactivation, or internalization
of E-cadherin receptor, as well as hypoxia and k-ras activation.*
Apart from cancer cell proliferation, TF also significantly triggers
thrombosis formation, ultimately leading to around 30% venous
thromboembolism related deaths in cancer.*!*> Thromobus forma-
tion is relatively a less frequent event in breast cancer affected
patients with a worse prognosis.*> However, promiscuous interac-
tions of MV usually lead to cell transformation and increase the
emboli formation in cancer metastasis.

Effect of MVs on Cell Adhesion and Invasion

MVs play a vital role in extracellular matrix degradation (ECM)
as frequently observed in highly invasive breast cancer cell lines.
Increased MMP-2 (matrix metallo proteinase-2) and uPA (uro-
kinase plasminogen activator) expression were detected using
gelatin and casein zymography methods.* Over expression of
uPA in breast tumors was also significantly correlated with poor
prognosis.* These tumor cells also secrete another molecules,
termed as cath-D (cathepsin D) enclosed in these vesicles. Once
in intercellular space cath-D cleaves pro-apoptotic proteins, and
induces degradation of ECM.>* Thus, vesicles are the key play-
ers responsible for not only transporting protease outside the cell
but, also to regulate cell invasiveness. Role of integrin () pres-
ents on MVs membrane has also facilitate cancer cell adhesion
with extracellular cellular matrix (ECM).>® The summarized list
of proteins identified in these vesicles, in context to breast cancer
metastasis has been mentioned in Table 1.

Effect of MVs on Cancer Cells Motility and Localization

After extracellular degradation, cancer cells traverse through
the intercellular spaces forming an amoeboid phenotypic appear-
ance. This epithelial to mesenchymal transition (EMT) is influ-
enced by regulators like transcription factors snail, SIP1, twist and
vesicles.*® MVs modulate immune response, epithelial mesenchy-
mal transition, localization at distant sites via genetic and protein

Table 1. Proteins retrieved from microvesicles and their role in breast cancer metastasis

Molecules Effect on Cancer Metastasis References
ARF6 Release of microvesicle from parental cells Hashimoto, et al.?!
Tl Phosphatidlyserine and associated factors influence microvesicle formation, blugging constriction Martins, et al.

on cell membrane
FAK, EGFR Significant correlation with tumor stage and grading Galindo-Hernandez, et al.>
Caspase 3 . . Wesierska-Gadek, et al.”’
CorizgtaeD Transport of pro-apoptotic factors from tumour cells to outside Masson, et al.’

Tissue factor Results in thrombus formation in cancer patients

Owens and Mackman,?!

Integrins Cancer cells adhesion with basement membrane Muralidharan-Chari, et al.3
MMPs Involved in cancer cell invasion and degradation of extracellular matrix Ginestra, et al.*

uPA Involved in cancer cell induce degradation of extracellular matrix Annecke, et al.**

CD45 Potential to be used as biomarker Toth, et al.*

CD44 Induces chemokines based suppression of cells proliferation Jaiswal, et al.*’
i/—[ilgioprotein Responsible for chemoresistance in breast cancer therapy Roseblade, et al.*
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transformation to recipient cells. Their interaction with circulating
monocytes also inhibit their differentiation into antigen presenting
cells as observed in melanoma and colorectal cancers.?” Involve-
ment of these vesicles in suppressing breast cancer affected pa-
tients immunity is an area that requires further research.

Use of MVs as Biomarker

Numerous surface receptors on MVs membrane make them a
suitable choice to be used as a diagnostic tool for cancer detec-
tion. Abundance of CD44, CD63, FasL, HLA, carcinoembryonic
antigen (CEA), CA15-3 and CD45 along with disease progression
have been observed in several published reports.>** However,
no significant correlation of annexin V, endothelial cell-derived
microparticle and von Willebrand factor antigen (VWF) with
disease prognosis has been reported so far.* This study suggests
CDA45 associated vesicles, as a potential biomarker for breast
cancer. The cell adhesion protein (CD44) is exclusively present
on the breast cancer cell-derived MVs as compared to leukemic
cell-derived MVs.* Anti-tumor effect of human monocytes was
also suppressed by CD44 as observed in later studies. Hyaluronan
and CD44 mediated interaction between cancer cells and mono-
cytes led to reduction of tumor necrosis factor (TNF), IL10, and
IL12p40.*" These vesicles assist in escaping host immunity, sup-
pression of cell apoptosis, and tumor restriction. Hence, certain
receptors present on breast cancer cell-derived MVs may be used
as potential biomarkers.

Effect of MVs on Drug Resistant

The role of MVs in impeding drug resistant using two important
proteins belonging to ABC (ATP Binding Cassette superfamily) is
worthwhile to mention here. These are termed as p-glycoprotein
and MRP1 (Multi drug Resistant associated Protein 1). Being
membrane transporters, these molecules influence a wide range
of unrelated drugs and are categorized in MDR (multi drug resis-
tant) pool.*> A majority of chemotherapeutic drugs are exported in
extracellular space by these aforementioned proteins. They were
found to be responsible for packaging and releasing of drugs.*#*
MVs act as cargo, to either transport these drugs in the vicinity or
to non-treated cells at distant locations.*#*

Future Trends Related to MVs

The implication of MVs in transporting various biomolecules,
using a non-genetic route can be explored for therapeutic target-
ing. According to recent reports, MVs are the key factors de-
termining the ultimate fate of drug trafficking across malignant
and non-malignant cells as observed in leukemia and breast cell
lines.*>%In spite of restricting MVs formation, two core limita-
tions related to target specificity and limited shell life need to be
addressed. Deciphering this biological pathway and designing a
useful approach would be a valuable addition and effective alter-
nate mode of treatment for breast cancer.

Acknowledgements

I would like to acknowledge COMSATS-IT and Higher Educa-
tion Commission of Pakistan for facilitating this research.

Conflict of interests

The author declares no conflict of interest with any institute.

M. F. Arshad Malik

References

1. Enjeti, AK, Lincz LF, Seldon M. Microparticles in health and disease.
Seminars in Thrombosis and Hemostasis. 2008; 34: 683 — 691.

2. van Doormaal van FF, Kleinjan A, Di Nisio M, Biiller HR, Nieuw-
land R. Cell-derived microvesicles and cancer. Netherlands Journal
of Medicine. 2009; 67: 266 — 273.

3. Mathivanan S, Ji H, Simpson RJ. Exosomes: extracellular organelles
important in intercellular communication. Journal of Proteomics.
2010; 73: 1907 — 1920.

4. Hussein MN, Boing AN, Sturk A, Hau CM, Nieuwland R. Inhibition
of microparticle release triggers endothelial cell apoptosis and detach-
ment. Thrombus and Haemostasis. 2007; 98: 1096 — 1107.

5. Hong BS, Cho JH, Kim H, Choi EJ, Rho S, Kim J, et al. Colorectal
cancer cell-derived microvesicles are enriched in cell cycle-related
mRNAs that promote proliferation of endothelial cells. BMC Genom-
ics. 2010; 10: 556.

6. Grange C, Tapparo M, Collino F, Vitillo L, Damasco C, Deregibus
MC, et al. Microvesicles released from human renal cancer stem cells
stimulate angiogenesis and formation of lung premetastatic niche.
Cancer Research. 2011; 71: 5346 — 5356.

7. Soleti R, Lauret E, Andriantsitohaina R, Carmen Martinez M. Inter-
nalization and induction of antioxidant messages by microvesicles
contribute to the antiapoptotic effects on human endothelial cells. Free
Radical Biology and Medicine. 2012; 53: 2159 — 2170.

8. Hulsmans M and Holvoet P. MicroRNA-containing microvesicles
regulating inflammation in association with atherosclerotic disease.
Cardiovascular Research. 2013; 100: 7 - 18.

9. Pilzer D, Gasser O, Moskovich O, Schifferli JA, Fishelson Z. Emis-
sion of membrane vesicles: roles in complement resistance, immunity
and cancer. Springer Seminars in Immunopathology. 2005; 27: 375
—387.

10.  Hugel B, Martinez MC, Kunzelmann C, Freyssinet JM. Membrane
microparticles: two sides of the coin. Physiology (Bethesda). 2005;
20:22-27.

11. Lima LG, Chammas R, Monteiro RQ, Moreira ME, Barcinski MA.
Tumor-derived microvesicles modulate the establishment of meta-
static melanoma in a phosphatidylserine-dependent manner. Cancer
Letters. 2009; 283: 168 — 175.

12. Gyorgy B, Mddos K, Pallinger E, Paloczi K, Pasztoi M, Misjak P, et
al. Detection and isolation of cell-derived microparticles are compro-
mised by protein complexes resulting from shared biophysical. Blood.
2010; 117: 39 — 48.

13.  Schifferli JA. Microvesicles are messengers. Seminars in Immunopa-
thology. 2011; 33: 393 — 394.

14.  Giusti [, D’Ascenzo S, Dolo V. Microvesicles as potential ovarian cancer
biomarkers. Biomed Research International. 2013; 2013: 703048.

15.  Baran, J, Baj-Krzyworzeka M, Weglarczyk K, Szatanek R, Zembala
M, Barbasz J, et al. Circulating tumour-derived microvesicles in plas-
ma of gastric cancer patients. Cancer Immunology, Immunotherapy.
2010; 59: 841 — 850.

16.  Principe S, Hui AB, Bruce J, Sinha A, Liu FF, Kislinger T. Tumor-
derived exosomes and microvesicles in head and neck cancer: impli-
cations for tumor biology and biomarker discovery. Proteomics. 2013;
13: 1608 — 1623.

17.  van der Vos KE, Balaj L, Skog J, Breakefield XO. Brain tumor mi-
crovesicles: insights into intercellular communication in the nervous
system. Cell and Molecular Neurobiology. 2011; 31: 949 — 959.

18.  Tseng JC, Chang LC, Jiang BY, Liu YC, Chen HJ, Yu CT. Elevated
circulating levels of tissue factor-positive microvesicles are associated
with distant metastasis in lung cancer. Journal of Cancer Research
Clinical Oncology. 2014; 140: 61 —67.

19.  Choi DS, Lee JM, Park GW, Lim HW, Bang JY, Kim YK, et al. Pro-
teomic analysis of microvesicles derived from human colorectal can-
cer cells. Journal of Proteome Research. 2007; 6: 4646 — 4655.

20.  Galindo-Hernandez O, Villegas-Comonfort S, Candanedo F, Gonzalez-
Vazquez MC, Chavez-Ocana S, Jimenez-Villanueva X, et al. Concen-
tration of microvesicles isolated from peripheral blood in breast cancer
patients. Archives of Medical Research. 2013; 44: 208 —214.

21.  Hashimoto S, Onodera Y, Hashimoto A, Tanaka M, Hamaguchi
M, Yamada A, et al. Requirement for Arf6 in breast cancer invasive
activities. Proceedings of National of Academy Science USA. 2004;
101: 6647 — 6652.

22.  Boulay PL, Cotton M, Melangon P, Claing A. ADP-ribosylation factor
1 controls the activation of the phosphatidylinositol 3-kinase pathway

Archives of Iranian Medicine, Volume 18, Number 3, March 2015 191



23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

to regulate epidermal growth factor-dependent growth and migration
of breast cancer cells. The Journal of Biological Chemistry. 2008;
283: 36425 — 36434.

Muralidharan-Chari V, Clancy J, Plou C, Romao M, Chavrier P, Ra-
poso G, et al. ARF6-regulated shedding of tumor cell-derived plasma
membrane microvesicles. Current Biology. 2009; 19: 1875 — 1885.
Kuo YB, Chan CC, Chang CA, Fan CW, Hung RP, Hung YS, et al.
Identification of phospholipid scramblase 1 as a biomarker and de-
termination of its prognostic value for colorectal cancer. Molecular
Medicine. 2011; 17: 41 —47.

Safaei R, Larson BJ, Cheng TC, Gibson MA, Otani S, Naerdemann
W, et al. Abnormal lysosomal trafficking and enhanced exosomal
export of cisplatin in drug-resistant human ovarian carcinoma cells.
Molecular Cancer Therapy. 2005; 4: 1595 — 1604.

Shedden K, Xie XT, Chandaroy P, Chang YT, Rosania GR. Expul-
sion of small molecules in vesicles shed by cancer cells: association
with gene expression and chemosensitivity profiles. Cancer Research.
2003; 63: 4331 —4337.

Wesierska-Gadek J, Hackl S, Zulehner N, Maurer M, Komina O. Re-
constitution of human MCF-7 breast cancer cells with caspase-3 does
not sensitize them to action of CDK inhibitors. Journal of Cell Bio-
chemistry. 2011; 112: 273 — 288.

Antonyak MA, Li B, Boroughs LK, Johnson JL, Druso JE, Bryant
KL, et al. Cancer cell-derived microvesicles induce transformation by
transferring tissue transglutaminase and fibronectin to recipient cells.
Proceedings of National Academy of Sciences USA. 2011; 108: 4852
—4857.

Al-Nedawi K, Meehan B, Micallef J, Lhotak V, May L, Guha A, et
al. Intercellular transfer of the oncogenic receptor EGFRVIII by mi-
crovesicles derived from tumour cells. Nature Cell Biology. 2008; 10:
619 —624.

van den Berg YW, Osanto S, Reitsma PH, Versteeg HH. The relation-
ship between tissue factor and cancer progression: insights from bench
and bedside. Blood. 2012; 119: 924 — 932.

Owens AP and Mackman N. Microparticles in hemostasis and throm-
bosis. Circulation Research. 2011; 108: 1284 — 1297.

Medioni J, Guastalla JP, Drouet L. Thrombosis and breast cancer:
incidence, risk factors, physiopathology and treatment. Bulletin du
Cancer. 2012; 99: 199 —210.

Saeger W and Genzkow M. Venous thromboses and pulmonary em-
bolisms in post-mortem series: probable causes by correlations of
clinical data and basic diseases. Pathology, Research and Practice.
1994; 190: 394 —399.

Annecke K, Schmitt M, Euler U, Zerm M, Paepke D, Paepke S, et al.
uPA and PAI-1 in breast cancer: review of their clinical utility and cur-
rent validation in the prospective NNBC-3 trial. Advances in Clinical
Chemistry. 2011; 45: 31 —45.

Masson O, Bach AS, Derocq D, Prébois C, Laurent-Matha V, Pattin-
gre S, et al. Pathophysiological functions of cathepsin D: Targeting its
catalytic activity versus its protein binding activity? Biochimie. 2010;
92: 1635 — 1643.

192 Archives of Iranian Medicine, Volume 18, Number 3, March 2015

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Influence of Microvesicles in Breast Cancer Metastasis

Wang Y and Zhou BP. Epithelial-mesenchymal transition in breast
cancer progression and metastasis. Chinese Journal of Cancer. 2011;
30: 603 —611.

Valenti R, Huber V, Filipazzi P, Pilla L, Sovena G, Villa A, et al. Hu-
man tumor-released microvesicles promote the differentiation of my-
eloid cells with transforming growth factor-B-mediated suppressive
activity on T lymphocytes. Cancer Research. 2006; 66: 9290 — 9298.
Palma J, Yaddanapudi SC, Pigati L, Havens MA, Jeong S, Weiner
GA, et al. MicroRNAs are exported from malignant cells in custom-
ized particles. Nucleic Acids Research. 2012; 40: 9125 —9138.

Toth B, Nieuwland R, Liebhardt S, Ditsch N, Steinig K, Stieber
P, Rank A, et al. Circulating microparticles in breast cancer patients:
a comparative analysis with established biomarkers. Anticancer Re-
search. 2008; 28: 1107 — 1112.

Jaiswal, R, Luk F, Dalla PV, Grau GE, Bebawy M. Breast cancer-de-
rived microparticles display tissue selectivity in the transfer of resis-
tance proteins to cells. PL0S One. 2013; 8: e 61515.

Mytar B, Woloszyn M, Szatanek R, Baj-Krzyworzeka M, Sied-
lar M, Ruggiero I, et al. Tumor cell-induced deactivation of human
monocytes. Journal of Leukocyte Biology. 2003; 74: 1094 — 1101.
Jaiswal R, Raymond Grau GE, Bebawy M. Cellular communication
via microparticles: role in transfer of multidrug resistance in cancer.
Future Oncology. 2014; 10: 655 — 669.

LuJF, Luk F, Gong J, Jaiswal R, Grau GE, Bebawy M. Microparticles
imediate MRP1 intercellular transfer and the re-templating of intrinsic
resistance pathways. Pharmacology Research. 2013; 76: 77 — 83.
Bebawy M, Combes V, Lee E, Jaiswal R, Gong J, Bonhoure A, et al.
Membrane microparticles mediate transfer of P-glycoprotein to drug
sensitive cancer cells. Leukemia. 2009; 23: 1643 — 1649.

Roseblade A, Luk F, Rawling T, Ung A, Grau GE, Bebawy M. Cell-
derived microparticles: New targets in the therapeutic management of
disease. Journal of Pharmacy and Pharmaceutical Sciences. 2013;
16: 238 —253.

Wu ZH, Ji CL, Li H, Qiu GX, Gao CJ, Weng XS. Membrane mic-
roparticles and diseases. European Review for Medical Pharmaco-
logical Sciences. 2013; 17: 2420 —2427.

Croce K, Flaumenhaft R, Rivers M, Furie B, Furie BC, Herman
IM, Potter DA. Inhibition of calpain blocks platelet secretion, aggre-
gation, and spreading. The Journal of Biological Chemistry. 1999;
274:36321 —36327.

Jaiswal, R Luk F, Gong J, Mathys JM, Grau GE, Bebawy M. Mic-
roparticle conferred microRNA profiles--implications in the transfer
and dominance of cancer traits. Molecular Cancer. 2012; 11: 11 —37.
Martins VR, Dias MS, Hainaut P. Tumor-cell-derived microvesicles
as carriers of molecular information in cancer. Current Opinions in
Oncology. 2013; 25: 66 — 75.

Ginestra A, La Placa MD, Saladino F, Cassara D, Nagase H, Vittorelli
ML. The amount and proteolytic content of vesicles shed by human
cancer cell lines correlates with their in vitro invasiveness. Anticancer
Research. 1998; 18: 3433 — 3437.



