
Abstract. Background: Endothelial microparticles (EMPs)
released from activated or apoptotic endothelial cells may
play a role in coagulation and thrombus formation.
However, there is insufficient evidence regarding the impact
of EMPs on angiogenesis in patients with cancer. Materials
and Methods: Sixteen patients with head and neck cancer
(HNC) undergoing radiotherapy/radiochemotherapy
(RT/RCT) and 10 healthy controls were studied. Serum
EMPs were counted by flow cytometry, and vascular
endothelial growth factor (VEGF) was measured by enzyme-
linked immunosorbent assay (ELISA). Results: The mean
EMP level was significantly higher in patients with HNC
before RT/RCT (1,601±1,479 EMP/μl) compared to the
control group (782±698 EMP/μl). The number of EMPs was
not notably increased after RT/RCT (1,629±769 EMP/μl).
There was no significant correlation between the plasma
EMP number and concentration of VEGF before (r=0.131;
p=0.625), 1 day after (r=−0.042, p=0.874), nor 3 months
after RT/RCT (r=0.454, p=0.076). Conclusion: Released
EMPs may not influence promotion of neovascularization in
patients with HNC.

Endothelial microparticles (EMPs) are vesicular structures with
a diameter from 1 to 2 μm which are shed from activated or
apoptotic endothelial cells (ECs) (1). The density of EMPs in

the blood of healthy individuals ranges from 1-70×103/ml (1).
Knowledge about EMP formation has been obtained from
experiments conducted on isolated or cultured ECs, whereas in
vivo mechanisms involved in EMP generation still remain
unclear. Inflammatory cytokines [e.g. tumor necrosis factor-α,
(TNF-α)] bacterial lipopolysaccharides, reactive oxygen
species, thrombin, camptothecin and chemotherapy were
reported to induce EMP generation (1, 2). 

EMPs express a large variety of molecules representative
of their parent cells (3). Their composition differs depending
on the cells they originate from and the type of stimulus
leading to their formation (4). On their surface, EMPs bear
phospholipids, membrane receptors such as endothelial
protein C receptor, thrombomodulin, tissue factor, adhesion
molecules such as intercellular cell adhesion molecule-1,
platelet-EC adhesion molecule, endothelial selectin and 
P-selectin (3). In addition, EMPs harbor enzymes such as
matrix metalloproteinase, nicotinamide adenine dinucleotide
phosphate oxidase, urokinase plasminogen activator and its
receptor, and growth factor receptors (3).  

The density of EMPs is elevated in various clinical
settings. Activated or apoptotic EC-derived EMPs are a
marker of endothelial damage and their level was found to
be increased in the blood of obese women, patients with
terminal stage renal failure or multiple sclerosis (5-7).
Moreover, it has been documented that EMPs contribute to
initiation of blood coagulation and support thrombus
formation (3, 8, 9). Furthermore, a higher level of EMPs was
found in patients with hematological disorders e.g. lupus
anticoagulant, sickle cell disease, anti-phospholipid
syndrome and venous thromboembolism, than in healthy
individuals (3, 9, 10). In addition, an increased level of
EMPs was noted in patients with cancer (11).

The current standard of treatment for patients with newly-
diagnosed head and neck cancer (HNC) is surgery followed
by radiotherapy (RT) or radiochemotherapy (RTC), RT alone
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or RTC. Ionizing radiation affects both cancer and normal
cells within the irradiated volume causing acute post-
radiation reaction and patients experience symptoms
associated with tissue damage for a few weeks, months or
even years after RT. The symptoms caused by RT begin 2-3
weeks into the treatment, with the greatest intensity at the
end of RT and soon after its completion. They usually
resolve after 6-8 weeks after treatment, and are absent after
3 months in most patients (12). Injury caused by RT to
normal tissue might be a significant factor leading to EMP
generation from endothelium. Moreover, radiation stimulates
angiogenesis by induction of nitric oxide synthesis in ECs,
which leads to temporary hypoxia within a tumor, and
induces further synthesis of vascular endothelial growth
factor (VEGF), which protects ECs from the cytotoxic effect
of ionizing radiation (13-15).

It has been reported that the number of EMPs might
increase in diseases associated with endothelial damage, such
as hematological disorders, or among patients undergoing
specific treatment (e.g. with statins) (16, 17). Nevertheless,
there are only scant data concerning the influence of
RT/RCT on EMP formation in the process of EC apoptosis
or activation. A few studies documented that EMPs may
exhibit pro-angiogenic properties (11, 18), but little is known
about the impact of EMPs on tumor angiogenesis in patients
with HNC during RT/RCT. The aim of this study was to
investigate the potential contribution of EMPs to
angiogenesis in patients with HNC undergoing RT/RCT. 

Materials and Methods

This study was performed on a group of 16 patients with HNC, (five
females) aged 31-70 years, with histopathologically-diagnosed with
clinical stage IIB-IVA squamous cell carcinoma.  Patients with
conditions known or suspected to increase the EMP level, such as
lupus anticoagulant, anti-phospholipid syndrome, venous
thromboembolism, metabolic syndrome, diabetes mellitus, stroke as
well as advanced stages of renal failure, were excluded from the
study. Patient characteristics are shown in Table I. The control group
consisted of 10 healthy individuals (seven females). The study
protocol was approved by the Bioethics Committee of Medical
University in Bialystok, Poland according to the Guidelines for
Good Clinical Practice (approval number - R-I-002/376/2010).
Written informed consent was obtained from the patients. 

Blood samples were collected before RT (no acute radiation
reaction observed), 1 day after its cessation (clinically overt radiation-
induced inflammation) and 3 months after the treatment (when acute
radiation reaction had resolved). Patients were treated with RT alone,
adjuvant RT, or RT combined with chemotherapy (100 mg/m2
cisplatin every 21 days or 40 mg/m2 every week). Intensity-modulated
RT with high-energy 6-MV photon beams to a total dose of 60-67.5
Gy in 30 fractions (2-2.25 Gy per day) was administered to the tumor
volume/tumor bed and lymphatic regions of the neck.

Venous blood was collected in Monovette–Sarstedt tubes
containing 3.8% sodium citrate (Becton Dickinson, Franklin Lakes,
NJ, USA) using 21-gauge needles (BD) in aliquots of 5 ml from all

participants. Isolation of EMPs from whole blood required
centrifugation for 15 min at 500 × g to remove erythrocytes and
leukocytes and to prepare platelet-rich plasma. This was then further
centrifuged for 5 min at 14,000 × g to obtain platelet-poor plasma.
Both steps of centrifugation were performed at room temperature.
Plasma samples were not frozen because of the harmful influence
of low temperature on EMP vitality and they were analyzed 1 hour
after blood collection. 

EMPs were defined as particles in size below 1.5 μm bearing
antigens CD31 and CD62E, and were quantified by flow cytometry
using a panel of monoclonal antibodies to CD31, CD62E, and
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Table I. Baseline characteristics of patients with head and neck cancer
(n=16)

Clinical factor                                                                   n (%)

Gender
  Female                                                                            5 (31)
  Male                                                                             11 (69)
Site of cancer
  Lip, tongue                                                                     2 (12, 5)
  Floor of oral cavity and palate                                     4 (25)
  Hyopharynx                                                                   3 (19)
  Tonsil                                                                              2 (12,5)
  Indeterminate part of oral cavity                                  5 (31)
Clinical stage*
  II B                                                                                 1 (6)
  III                                                                                    4 (25)
  IV A                                                                              11 (69)
Grade
  1                                                                                      2 (12.5)
  2                                                                                    12 (75)
  3                                                                                      2 (12.5)
Treatment
  RT alone                                                                         7 (44)
  RCT                                                                               9 (56)

*According to TNM classification (20), RT: radiotherapy, RCT:
radiochemotherapy.

Table II. Level of endothelial microparticles (EMPs) in patients with head
and neck cancer undergoing radiotherapy (RT) or radiochemotherapy
(RCT) and in a control group of healthy participants.

Time of assessment                                            EMPs [n/μl]

                                                                 Median                 Mean±SD

Control group                                            1,141                   782±698
Patients
  Before RT/RCT                                      1,402               1,601±1,479*
  One day after RT/RCT                          1,985                 1,629±769*
  Three months after RT/RCT                 1,496                  1,238±374

*Significantly different from the control group (p<0.05).



CD42b; monoclonal antibody to CD42b was used to exclude EMPs
released from platelets and megakaryocytes. The following
monoclonal antibodies were used in EMP quantification: fluorescein
isothiocyanate (FITC)-labeled CD31, allophycocyanin (APC)-
labeled CD62E, phycoerythrin (PE)-Cy5-labeled anti-human
CD42b, and kappa isotype control: FITC-labeled mouse IgG1, APC-
labeled mouse IgG, PE-Cy5-labeled mouse IgG1. Moreover, Cell
WASH, FASC Lysing Solution, phosphate-buffered saline wash
buffer, and FASC Flow Shealth Fluid were utilized in the study. All
reagents were purchased from Becton Dickinson, Franklin Lakes,
NJ, USA.

EMPs were analyzed by flow cytometry using FACS Calibur
(Becton Dickinson) at the Regional Center for Transfusion Medicine
in Bialystok, Poland, according to a protocol used in a previous study
(19). The EMP gate was established using fluorospheres of known
diameter (TruCOUNT; Becton Dickinson) and set to record
fluorescent events at <1.0 μm. Flow cytometry counts of EMPs were
converted to the number of EMPs per μl using a standard formula.

The concentration of VEGF was measured using VEGF Quantikine
ELISA, R&D Systems, Minneapolis, MN, USA. Measurement of
VEGF concentration in the blood of patients with HNC was performed
using 5 ml of venous blood collected into Monovette–Sarstedt tubes
containing 3.8% sodium citrate (Becton Dickinson). Blood samples
were centrifuged for 15 min at 1,500 × g to produce plasma, which was
subsequently frozen (≤−20˚C). The VEGF concentration was analyzed
with ELISA Elx808 (BioTek) at the Department of Oncology, Medical
University of Bialystok, Poland. 

Statistical analysis. Measured values of EMPs are expressed as the
mean, median and standard deviation as the counts were not
normally distribution (Shapiro–Wilk test). Wilcoxon rank-sum test
for dependent data was used to evaluate the significance of
differences between EMP counts at different time-points of the
study. The data obtained (EMP count and VEGF level) were tested
for correlation using Spearman test. Statistical significance was
defined as p<0.05. Analyses were performed using the statistical
package STATISTICA 10 (Dell Software, Round Rock, TX, USA)
and Microsoft Excel 2010 (Microsoft, Redmond, WA, USA).
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Figure 1. Levels of plasma vascular endothelial growth factor (VEGF) in
patients with head and neck cancer undergoing radiotherapy (RT) or
radiochemotherapy (RCT) and in the control group of healthy individuals.

Figure 2. Correlation between number of endothelial microparticles (EMPs)
and concentration of vascular endothelial growth factor (VEGF) in the
plasma of patients with head and neck cancer before (A) and at 1 day (B)
and 3 months (C) after radiotherapy or radiochemotherapy (RT/RCT). 



Results

EMPs in patients with HNC. A significantly higher EMP
count was observed in patients with HNC before RT/RCT
and 1 day after the treatment by more than twofold in
comparison to the control group (782±698 EMPs/μl, p<0.05)
(Table II). However, 3 months after the treatment, the
number of EMPs was not significantly increased in
comparison to that observed in healthy individuals.
Furthermore, there were no significant differences between
EMP counts before treatment, and at 1 day and 3 months
after radiation cessation. Of note, no significant difference
was demonstrated in EMPs counts in plasma of patients with
HNC undergoing RT alone, RT combined with
chemotherapy, or postoperative RT.

VEGF concentration in patients with HNC. No significant
difference in VEGF concentration in plasma of patients with
HNC before RT/RCT was observed compared to the control
group (p>0.05) (Figure 1). Interestingly, the VEGF level was
6-fold higher 1 day after RT/RCT compared to that in both
the control group and that before RT/RCT (p<0.05).
Moreover, the VEGF concentration 3 months after treatment
was significantly lower compared to that before RT and 1
day after RT completion (p<0.05). 

EMPs and VEGF. No correlation was found between EMP
concentration and VEGF level in the plasma of patients with
HNC before RT/RCT (r=0,131; p=0,625) and 3 months after
the treatment (r=–0,042, p=0,874). However, there was
borderline significant negative correlation between EMP
count and VEGF level 1 day after RT/RCT (r=−0.454,
p=0.076): increased VEGF concentration was accompanied
by a decrease in EMP level (Figure 2).

Discussion

It was recently reported that ionizing radiation leads to
different EC responses in vitro (21). After RT, ECs in cancer
vasculature have less ability to form blood vessels as a result
of radiation-induced injuries which destroy the integrity of
vascular structure. However, ECs in non-cancerous tissue are
stimulated to develop blood vessels after radiation.

The influence of EMPs on angiogenesis is not fully
understood. It has been suggested that tissue factor-positive
procoagulant microparticles released from ECs into the
circulation may trigger venous thromboembolism in patients
with cancer and contribute to a variety of pathological
processes, such as metastasis, tumor growth and tumor
angiogenesis. Angiogenesis is required for invasive tumor
growth and metastasis and constitutes an important factor in
cancer progression. In vitro studies demonstrated that the
involvement of EMPs in angiogenesis is still a controversy.

Mezentsev et al. reported that EMPs reduce EC proliferation
and new vessel formation (22). However, Taraboletti and co-
workers demonstrated that EMPs isolated from human
umbilical vein ECs at low levels promoted formation of
capillary-like structures by ECs, whereas high levels
abolished angiogenesis (18). Aharon et al. observed that
microvesicles which bore MMP played a key role in
angiogenesis and were involved in EC invasion and capillary
formation (11). It is suggested that EMPs might be indicators
of prognosis in patients with cancer (12, 23). Consequently,
the exact role of EMPs in cancer, and particularly in
angiogenesis, needs to be further investigated. There is an
increasing number of studies investigating the influence of
chemotherapy on EMPs, however, data on the interplay
between ionizing radiation and EMPs is very limited (21).
An in vitro study by Neuber et al. showed that X-ray doses
of 2 and 4 Gy tended to increase the release of CD146-
positive EMPs from human aortic ECs, however, the finding
was not statistically significant (24). In vitro EMP release
was also reported in response to irradiation with gamma ray
at 2 Gy, but not to protons (25, 26). Our study did not show
increased EMP numbers after RT/RCT compared to pre-
treatment levels. This might be attributable to the small study
group or EMP numbers being significantly higher primarily
in irradiated tissue and not in peripheral blood, which might
explain the dissonance from the outcomes of in vitro studies.

VEGF is a signal protein produced by cells that stimulates
vasculogenesis and angiogenesis. Cancer cells can express
VEGF, which contributes to more effective tumor growth
and metastasis by the formation of new vessels and by
providing adequate blood supply (27). Many studies
demonstrated that expression of VEGF is correlated with
poor prognosis, which suggests that the plasma level of
VEGF might be a prognostic marker of cancer (14). 

EMPs have been reported to have a high angiogenic activity
in vitro and in vivo (in a mouse model) through stimulation of
microvascular ECs and pericytes to form new vessels (28).
This could be of a great significance for cancer growth and
metastasis. In this study, we investigated the contribution of
EMPs to blood vessel formation after RT as a stimulus by
measuring the correlation between EMPs and VEGF levels.
Our findings do not support the assumption that EMPs
participate in the process of neovascularization since no
correlation between EMPs and VEGF levels was identified.
However, this study did find that the VEGF level increased
after RT and decreased 3 months after treatment, which
suggests that RT affects the VEGF concentration in plasma of
patients with HNC. The overexpression of VEGF induced by
RT was reported e.g. in hepatocellular carcinoma (15) and
glioblastoma multiforme (29). Although crucial for healthy
tissue repair post-RT, VEGF secretion can also contribute to
radioresistance, which provides a rationale for the combination
of RT and anti-VEGF agents in patients with HNC (30). 
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Summarizing, EMPs are considered complex structures
which express a large variety of endothelial molecules. In the
literature, the occurrence of EMPs in disease has been
associated with endothelial impairment (31). Many
researchers have studied various types of cell-derived
vesicles, but EMPs have gained special clinical attention.
The view of EMPs has changed over the years from mere
artifacts called "dust" to active particles in blood
coagulation, inflammation and angiogenesis. In conclusion,
the present data do not support our hypothesis that RT/RCT
influences rapid EMP release, thereby contributing directly
to blood vessel formation in patients with HNC. Further
research on EMPs should focus on gathering a larger study
group to define whether plasma numbers of EMPs in patients
with HNC are sufficient to stimulate angiogenesis. 
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