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Background. Endothelial-derived microparticles (EDMPs) and platelet-derived microparticles (PDMPs) have been reported to be
increasing in various diseases including malignant diseases. Here, we investigated whether these MPs may be useful biomarkers
for predicting lung cancer (LC) disease status, cell type, or metastasis. Methods and Results. One hundred and thirty LC patients
were prospectively enrolled into the study between April 2011 and February 2012. Flow cytometric analysis demonstrated that the
circulating levels of platelet-derived activatedMPs (PDAc-MPs), platelet-derived apoptotic MPs (PDAp-MPs), endothelial-derived
activatedMPs (EDAc-MPs), and endothelial-derived apoptoticMPs (EDAp-MPs)were significantly higher in LCpatients than in 30
age- and gender-matched normal control subjects (all𝑃 < 0.05). Additionally, circulating level of PDAc-MPswas significantly lower
(𝑃 = 0.031), whereas the circulating levels of the other three biomarkers did not differ (all 𝑃 > 0.1) in early stage versus late stage
LC patients. Furthermore, the circulating levels of the four types ofMPs did not differ among patients with different disease statuses
(i.e., disease controlled, disease progression, and disease without treatment, i.e., fresh case) (all 𝑃 > 0.2) or between patients with or
without LCmetastasis (all𝑃 > 0.5).Moreover, only the circulating level of EDAp-MPswas significantly associated with the different
cell types (i.e., squamous cell carcinoma, adenocarcinoma, and small cell carcinoma) of LC (𝑃 = 0.045). Conclusion. Circulating
MP levels are significantly increased in LC patients as compared with normal subjects. Among the MPs, only an increased level of
EDAp-MPs was significantly associated with different LC cell types.

1. Introduction
Lung cancer (LC) accounts for more cancer deaths than any
other tumor type worldwide [1, 2]. Despite concerted efforts
to improve early diagnosis and treatment of LC patients,

overall survival rate is still poor [3–6]. Better understand-
ing of the pathogenesis of LC and the development of
molecular and cellular biomarkers for early detection is very
important for improving LC therapeutic outcome [7–9], and
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development of a serumbiomarker that can be applied simply
and easily in clinical practice as a complementary tool for the
prediction of prognostic outcome would be useful in the LC
setting.

All cell types subjected to chemical, physical activation
(thrombin, endotoxin, or shear stress) or apoptosis (growth
factor deprivation or apoptotic inducers) can release plasma
membrane fragments, called microparticles (MPs) [10]. MPs
are small membrane-enclosed vesicles that are derived from
the plasmamembrane and released by activated and/or apop-
totic cells. MPs are very small—ranging in size from 0.1𝜇m
to 1.0 𝜇m—and have been previously identified to circulate
in the blood and have the ability to mediate inflammation
and thrombosis [10–15]. MPs have differential effects on
angiogenesis depending on their origin [10, 16–19]. MPs from
platelets (PMPs) are proangiogenic; they promote capillary
like structures and proangiogenic factor production [10, 13,
16, 18]. In contrast, endothelial- and lymphocyte-derivedMPs
can be pro- or antiangiogenic depending on the stimuli used
for their production [10].

Increased numbers of circulatingMPs have been reported
in a wide range of diseases [10], including acute coronary syn-
drome [20], infectious diseases [21], diabetes mellitus [22],
uremia [23], hematologic malignancy [24, 25], and breast
cancer [26]. Surprisingly, an association between circulating
level ofMPs and LC has seldombeen reported [27].Therefore
the significance of MPs in LC remains uncertain. The aim
of this study was to test (1) whether circulating levels of
MPs are significantly higher in LC patients than in normal
control subjects, (2) whether the circulating level of MPs is
significantly higher in late stage LC patients than in early
stage LC patients, (3) whether the circulating level of MPs
differs among the patients with different disease statuses (i.e.,
disease controlled, disease progression and disease with no
treatment (fresh case)), and (4) whether the circulating level
of MPs is different among the different cell types of LC. This
study further tested (5) whether this biomarker is predictive
of intrapulmonary or distal metastasis of LC.

2. Materials and Methods

2.1. Patient Population,DataCollection, andTherapeutic Strat-
egy. Image studies and pathological findings of all patients
who presented with LC at the Kaohsiung Chang Gung
Memorial Hospital were evaluated, and patients’ eligibility
for interventions, including surgery, adjunctive/palliative
chemotherapy, irradiation therapy, and/or target therapy, was
based on the 7th edition of the American Joint Committee on
Cancer (AJCC) staging criteria [28]. LC was categorized into
stages I, II, III, and IV according to the radiological findings
based on the 7th edition of the AJCC staging criteria [28]. All
the patients were enrolled in either the outpatient department
or upon hospital admission for further evaluation and treat-
ment. Additionally, early stage LC patients were enrolled only
prior to surgical intervention.

Detailed in-hospital and follow-up data, including age,
gender, chest X-ray findings, computed tomography, fibro-
bronchoscopic findings, bone scans or ultrasound studies,
other image findings, and histological and pathological

findings, were collected prospectively and entered into a
computer database.

One hundred and thirty consecutive patients of all ages
who were diagnosed with LC between April 2011 and Febru-
ary 2012 were prospectively enrolled into the study (stage I,
𝑛 = 3 (2.3%); stage II, 𝑛 = 3 (2.3%); stage IIIa, 𝑛 = 17 (27.7%),
stage IIIb, 14.6% (19), 𝑛 = 49; stage IV, 𝑛 = 88 (67.7%))
(Table 1).

Thirty age- and gender-matched healthy controls were
also studied. Informed consent was obtained from each
study subject and all participants have provided their written
informed consent to participate in this study.Thewhole study
protocol was approved by the Institutional Review Commit-
tee on Human Research at Kaohsiung Chang Gung Memo-
rial Hospital (the IRB number: 100-0204C). This clinical
investigation has been conducted according to the principles
expressed in the Declaration of Helsinki.

To circumvent other potential influences on measure-
ment of circulating level of MPs, patients with one or more of
the following were excluded: recent surgery or trauma during
the preceding 2 months, refusal to participate in the study,
other coexistentmalignances, severe organ disease other than
LC, chronic kidney disease (CKD > stage III), liver cirrhosis,
hematologic disorders, congestive heart failure, current use
of antiplatelet agents, history of febrile disorders, acute or
chronic inflammatory disease other than LC during the study
period, or a history of autoimmune diseases with or without
immunosuppressive therapy.

2.2. Categorized Circulating Microparticles. The circulating
MPs were categorized into (1) platelet-derived activated
MPs (PDAc-MPs) (CD31+ CD42b+ AN-V−), (2) platelet-
derived apoptotic MPs (PDAp-MPs) (CD31+ CD42b+ AN-
V+), (3) endothelial-derived activated MPs (EDAc-MPs)
(CD31+ CD42b− AN-V−), and (4) endothelial-derived apop-
totic MPs (EDAp-MPs) (CD31+ CD42b− AN-V+) based on a
previous report [29] with some modifications.

2.3. Blood Sampling for Biochemistry, Blood Cell Count Study,
and Flow Cytometric Quantification of Plasma Levels of
Microparticles. Blood samples were obtained once at 9:00 am
from study subjects and once from 30 healthy control subjects
who participated in a health screening program in the Health
Clinic of Kaohsiung Chang Gung Memorial Hospital.

White blood cell (WBC) counts, biochemistry, and elec-
trolyte levels were performed using standard laboratory
methods.

Peripheral blood was collected in acid citrate dextrose
(ACD) vacutainer tubes. The peripheral blood (1.5mL) was
centrifuged at 2500 g at 4∘C for 15min without acceleration
or break to prepare platelet-rich plasma. The 250 𝜇L plasma
samples were thawed and centrifuged for 10min at 19,800 g
at 4∘C and then collected for investigation of microparticles
(MPs) smaller than 1.0 𝜇m.

Size calibration was conducted with 1.0𝜇m beads (Invit-
rogen, Carlsbad, CA). The MP pellet was resuspended with
150 𝜇L of Annexin-V binding buffer (BD Biosciences). All
buffers were sterile-filtered with a 0.2𝜇m filter. The 100𝜇L
MPs were then incubated in a TruCOUNT tube (BD
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Table 1: Baseline characteristics of study patients and normal control subjects.

Variable Study patients (n = 130) Normal control (n = 30) P
Age (years) 64.34 ± 12.12 64.01 ± 8.56 0.863
Male gender 55.5% (71) 50% (15) 0.824
Body mass index (kg/m2) 22.64 ± 3.99 23.56 ± 3.09 0.169
Stage I 2.3% (3) —
Stage II 2.3% (3) —
Stage IIIa 27.7% (17) —
Stage IIIb 14.6% (19) —
Stage IV 67.7% (88) —
Surgical intervention for LC 0% (0) —
History of smoking 45.4% (59) —
Hypertension 18.5% (24) —
Hypercholesterolemia 16.4% (21) —
Diabetes mellitus 9.2% (12) —
RBC count (×106/dL) 4.29 ± 1.28 4.89 ± 0.55 0.001
WBC count (×103/dL) 7.43 ± 2.99 5.88 ± 1.28 0.001
Platelet count (×104/dL) 23.78 ± 9.84 22.45 ± 4.07 0.185
Creatinine (mg/dL) 1.02 ± 0.54 0.88 ± 0.19 0.167
AST (IU/L) 98.98 ± 683.77 27.44 ± 11.07 <0.001
ALT (IU/L) 51.22 ± 223.41 30.56 ± 16.83 <0.001
Ac sugar (mg/dL) 131.51 ± 62.9 105.27 ± 5.47 0.001
CD31+ CD42b− AN-V+ (counts/mL)† 783 (306–2014) 457 (189–1127) 0.012
CD31+ CD42b− AN-V− (counts/mL)† 6969 (2745–15206) 5851 (3619–10105) 0.046
CD31+ CD42b+ AN-V+ (counts/mL)† 15669 (6020–50968) 9817 (3867–38418) 0.001
CD31+ CD42b+ AN-V− (counts/mL)† 25069 (12224–51123) 14923 (8293–20839) 0.001
Data are expressed as mean ± SD or % (number).
LC: lung cancer; BC: right blood cell count; WBC: white blood cell count; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
†CD31+ CD42b− AN-V+: endothelial-derived apoptotic microparticle (MP); CD31+ CD42b− AN-V−: endothelial-derived activated MP; CD31+ CD42b+ AN-
V+: platelet-derived apoptotic MP; CD31+ CD42b+ AN-V−: platelet-derived activated MP.

Biosciences) with fluorescent monoclonal antibodies: (1)
phycoerythrin- (PE-) labeled anti-CD31 (BD Biosciences),
(2) fluorescein-isothiocyanate-labeled anti-Annexin-V (BD
Biosciences), and (3) phycoerythrin-Cy5-(PE-Cy5-) labeled
anti-CD42b (BD Biosciences). The samples were incubated
in the dark for 15min at room temperature. The samples
were then analyzed on a FC500 flow cytometer (Beckman
Coulter) after 400𝜇L Annexin-V binding buffer was added.
The absolute count of MPs was measured setting the stop
condition for TruCount beads at 10,000 events.

2.4. Definitions. Assessment of the change in tumor burden
was utilized to determine whether the tumor responded
or not to the therapy. Accordingly, the chest computed
tomography (CT) scans were performed at baseline and at
three cycles (every 12-week interval) of therapy to determine
the status of the disease. The criteria of tumor measurement
were based on the current guideline of Response Evaluation
Criteria in Solid Tumors (RECIST) [30], including complete
response, partial response, stable disease, and progressive
disease. Accordingly, in the current study, we categorized
the disease statuses as (1) disease controlled, (2) disease
progression, and (3) disease without treatment. “Disease
controlled” status was defined as disease after treatment with

regression and in a stable situation (i.e., including complete
response, partial response, and stable disease). “Disease
progression” was defined as disease unresponsive to therapy
(complete course of treatment with tumor growing or disease
metastasis). “Disease without treatment” was defined as a
fresh case that was enrolled prior to treatment.

2.5. Statistical Analysis. Data were expressed as means ± SD.
Continuous variables were analyzed using independent t-
tests and categorical variables were analyzed using the chi-
square test. Statistical analysis was performed using SPSS sta-
tistical software for Windows version 13 (SPSS for Windows,
version 13; SPSS Inc., IL). A P value of <0.05 was considered
statistically significant.

3. Results

3.1. Baseline Characteristics of Study Patients andNormal Con-
trols. The baseline characteristics of both groups are shown
in Table 1. Age, gender, and body mass index did not differ
between study patients and normal controls. Additionally,
the creatinine level and platelet count were similar between
study patients and normal controls. However, the red blood
cell count was insignificantly lower, whereas the white blood
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Table 2: Baseline variables and laboratory findings for early and late stage lung cancer patients.

Variables Early stage∗ (n = 23) Late stage∗ (n = 107) P
Age (years) 65.39 ± 14.52 64.11 ± 11.67 0.649
Male gender 78.3% (18) 49.5% (53) 0.02
Smoking 60.9% (14) 42.1% (45) 0.112
Hypertension 21.7% (5) 17.8% (19) 0.767
Total cholesterol (mg/dL) 197 ± 71 173 ± 42 0.469
Diabetes mellitus 8.7% (2) 9.3% (10) 1.0
Body mass index (kg/m2) 23.74 ± 4.52 22.39 ± 3.84 0.193
RBC count (×106/dL) 4.37 ± 0.53 4.28 ± 1.39 0.770
WBC count (×103/dL) 7.091 ± 2.54 7.504 ± 3.08 0.550
Platelet count (×104/dL) 21.74 ± 7.95 24.22 ± 10.18 0.273
Creatinine (mg/dL) 0.96 ± 0.22 1.03 ± 0.59 0.586
AST (IU/L) 22 (19–30) 27 (22–36) 0.373
ALT (IU/L) 18 (13–27) 21 (16–36) 0.169
Ac sugar (mg/dL) 142.39 ± 54.38 129.18 ± 64.65 0.422
CEA (5mg/mL) 11.96 ± 22.24 92.24 ± 328.11 0.243
CD31+ CD42b− AN-V+ (counts/mL)† 1086 (297–3348) 716 (306–1872) 0.158
CD31+ CD42b− AN-V− (counts/mL)† 7935 (3434–23079) 6546 (2685–13634) 0.169
CD31+ CD42b+ AN-V+ (counts/mL)† 19162 (5311–174196) 15357 (6221–45201) 0.407
CD31+ CD42b+ AN-V− (counts/mL)† 46846 (17141–66585) 22776 (12049–44329) 0.031
Data are expressed as mean ± SD or % (number).
LC: lung cancer; RBC: white blood cell count; WBC: white blood cell count; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CEA:
carcinoembryonic antigen.
∗Early stage: stages I, II, and IIIa (i.e., operable condition) lung cancer; late stage: stages IIIb and IV (inoperable) lung cancer.
†CD31+ CD42b− AN-V+: endothelial-derived apoptotic microparticle (MP); CD31+ CD42b− AN-V−: endothelial-derived activated MP; CD31+ CD42b+ AN-
V+: platelet-derived apoptotic MP; CD31+ CD42b+ AN-V−: platelet-derived activated MP.

cell count was significantly higher in study patients than in
normal controls. Additionally, the circulating levels of aspar-
tate aminotransferase (AST) and alanine aminotransferase
(ALT), two indices of liver function, were significantly ele-
vated in study patients in comparison with normal subjects.
Furthermore, the serum level of fasting blood sugar was
significantly higher in study patients than in normal controls.

No incidence of smoking, hypertension, hypercholes-
terolemia, or diabetes mellitus or indices of coronary artery
disease (CAD) risk factors were present in the normal
controls. In the study patients, a history of smoking was most
prevalent among CAD risk factors, followed by hypertension
and hypercholesterolemia. Incidence of diabetes mellitus was
the lowest CAD risk factor in the study patients.

The incidence of early stage (stage I to IIIa, that is,
operable) LC was significantly lower than the late stage (stage
≧ IIIb, that is, inoperable) LC among the study patients (𝑃 <
0.001). An important finding was that the circulating levels
of PDAc-MPs, PDAp-MPs, EDAc-MPs, and EDAp-MPs were
substantially higher in LC patients than in normal controls.
These findings might suggest that the LC patients had faster
turnover of endothelial cells and shorter half life of platelets.

3.2. Comparison of Baseline Characteristics and Laboratory
Findings between Early and Late Stage Lung Cancer Patients.
There were no differences in terms of age, gender, CAD risk
factors, bodymass index, red andwhite blood cell counts, and
platelet count between the early and late stage LC patients

(Table 2). Additionally, the serum levels of AST, ALT, crea-
tinine, carcinoembryonic antigen (CEA), and fasting blood
sugar were similar between the two groups. Furthermore,
circulating levels of PDAp-MPs, EDAc-MPs, and EDAp-MPs
did not differ between these two groups of patients. However,
the circulating level of PDAc-MPs was lower in late stage LC
patients than in early stage LC patients.

3.3. Comparison of Circulating Levels of Microparticles in
Patients with Different Treatment Statuses. To determine
whether the circulating levels of MPs were significantly
different in LC patients with different disease statuses, plots
of different kinds of MPs to different disease statuses were
performed. The results (Figure 1) demonstrated that the
circulating levels of PDAc-MPs, PDAp-MPs, EDAc-MPs, or
EDAp-MPs did not significantly correlate with the presenta-
tion of any disease status (all 𝑃 > 0.2).

3.4. Comparison of Circulating Levels of Microparticles in
Patients with Different Metastatic Statuses. To elucidate
whether the circulating levels of the MPs were significantly
associated with LC metastasis, plots of different kinds of
MPs with no metastasis (M0), intrapulmonary metastasis
(i.e., lung and pleural) (M1a), and extrapulmonary metas-
tasis (i.e., distal metastasis) (M1b) were performed. The
results (Figure 2) demonstrated that the circulating levels of
PDAc-MPs, PDAp-MPs, EDAc-MPs, and EDAp-MPs did not



Disease Markers 305

Ap
op

to
tic

 E
D

M
P 

(c
ou

nt
s/

m
L) P = 0.389

3000

2000

1000

0
DisC DisP NoT

(a)

Ap
op

to
tic

 P
D

M
P 

(c
ou

nt
s/

m
L) P = 0.619

60000

40000

20000

0
DisC DisP NoT

(b)

P = 0.242

Ac
tiv

at
ed

 E
D

M
P 

(c
ou

nt
s/

m
L) 15000

20000

10000

5000

0
DisC DisP NoT

(c)

P = 0.462
Ac

tiv
at

ed
 P

D
M

P 
(c

ou
nt

s/
m

L) 60000

80000

40000

20000

0
DisC DisP NoT

(d)
Figure 1: Comparison of plasma levels of microparticles (MPs) with different treatment statuses. (a) Apoptotic EDMP plotted against disease
status, 𝑃 = 0.389; (b) apoptotic PDMP plotted against disease status, 𝑃 = 0.619; (c) activated EDMP plotted against disease status, 𝑃 =
0.242; (d) activated PDMP plotted against disease status, 𝑃 = 0.462. DisC = disease control (𝑛 = 66); DisP = disease progression (𝑛 = 26);
NoT = disease with no treatment (𝑛 = 38). In these plots, the dot within the line represents the median values; the upper and lower lines
represent the 25th and 75th percentiles, respectively.The analysis was performed using the Kruskal-Wallis test. EDMP= endothelium-derived
microparticles; PDMP = platelet-derived microparticles.

significantly correlate with any disease presentation status
(i.e., with or without metastasis) (all 𝑃 > 0.5).

3.5. Comparison of Circulating Levels of Microparticles in
Patients with Different Lung Cancer Cell Types. To estimate
whether the circulating level of MPs was significantly corre-
latedwith different LC cell types according to the pathological
findings, plots of different kinds of MPs against different
kinds of LC (adenocarcinoma, squamous cell carcinoma, and
small cell carcinoma)were constructed.The results (Figure 3)
showed that the circulating levels of PDAc-MPs, PDAp-
MPs, or EDAc-MPs did not significantly correlate with any
different LC cell type (all 𝑃 > 0.1). However, the circulating
level of EDAp-MPs was significantly associated with the
different LC cell types (𝑃 = 0.045). Further analysis showed
that this biomarker was significantly more associated with
small cell carcinoma and significantly less associated with
squamous cell carcinoma.

3.6. The Median Overall Survival of Stage IV Patients and the
Incidence of Clinical Progression among 130 Patients. In the
current study, the patients were consecutively followed up
from enrollment time (i.e., from April 2011) up to December
2012. Thus, the median follow-up time was 15 months (range
from 3months to 37months) in 88 patients with stage IV lung
cancer. During this follow-up period, 46 patients were dead
and another 42 patients were still alive. Additionally, within
this enrollment and follow-up period, among the 130 study
patients, we found that 26 patients had clinical progression,
67 patients were in the status of disease control, and 27
patients were the fresh cases.

4. Discussion

This study investigatedwhether circulating level ofMPs could
be potentially useful as a biomarker in daily clinical practice
to predict severity and prognostic outcome in LC patients.
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Figure 2: Comparison of plasma levels of microparticles to the presence or absence of lung cancer metastasis. (a) Apoptotic EDMP plotted
against presence or absence of lung cancer (LC) metastasis, 𝑃 = 0.717; (b) apoptotic PDMP plotted against presence or absence of LC
metastasis, 𝑃 = 0.671; (c) activated EDMP plotted against presence or absence of LC metastasis, 𝑃 = 0.562; (d) activated PDMP plotted
against presence or absence of LC metastasis, 𝑃 = 0.462. M0 = no metastasis (𝑛 = 40); M1a = intrathoracic metastasis (i.e., lung and pleural;
𝑛 = 31);M1b = extrathoracicmetastasis (𝑛 = 59). In these plots, the dot within the line represents themedian values; the upper and lower lines
represent the 25th and 75th percentiles, respectively.The analysis was performed using the Kruskal-Wallis test. EDMP= endothelium-derived
microparticles; PDMP = platelet-derived microparticles.

The findings have several clinical implications. First, the
circulating levels of MPs, including PDAc-MPs, PDAp-MPs,
EDAc-MPs, and EDAp-MPs, were significantly higher in LC
patients than in normal control subjects. Second, there was
no significant correlation between circulating levels of these
biomarkers and the stages of the LC. Third, circulating levels
of MPs were likewise not significantly associated with the
presence or absence ofmetastasis. Finally, only the circulating
level of EDAp-MPs was found to be significantly correlated
with different LC cell types.

4.1. Level of Circulating Endothelial Cell-Derived and Platelet-
DerivedMPs in Lung Cancer Patients. One important finding
in the present study is that the circulating levels of MPs
which were derived from both endothelial cells and platelets
were found to be remarkably higher in LC patients than in

normal controls. MPs are detectable in plasma from healthy
subjects and, in general, their circulating levels are enhanced
in pathological situations. Previous reports have shown that
an increase in circulating MPs frequently occurs in a wide
range of diseases [10] such as acute coronary syndrome [20],
infectious diseases [21], diabetes mellitus [22], uremia [23],
hematologic malignancy [24, 25] and breast cancer [26].
Therefore, our finding is consistent with the findings of
previous studies [10, 16, 20–23]. Of importance, the current
findings and findings from previous studies [10, 16, 20–23]
suggest that an increase in circulating level of MPs may be
associated with the activity of disease entity.

It is well recognized that increased angiogenesis/vasc-
ulogenesis and neovascularization for nutrition and blood
supply always occur in solid cancers, including lung can-
cer. MPs can affect angiogenesis by inducing changes in



Disease Markers 307
Ac

tiv
at

ed
 P

D
M

P 
(c

ou
nt

s/
m

L)

P = 0.621

600000

40000

20000

0
AdC SqC SmC

(a)

Ap
op

to
tic

 P
D

M
P 

(c
ou

nt
s/

m
L)

P = 0.681

600000

40000

20000

0
AdC SqC SmC

(b)

Ac
tiv

at
ed

 E
D

M
P 

(c
ou

nt
s/

m
L)

P = 0.183

3000

2000

1000

0
AdC SqC SmC

(c)

P = 0.045
Ap

op
to

tic
 E

D
M

P 
(c

ou
nt

s/
m

L)

20000

15000

10000

5000

0
AdC SqC SmC

(d)
Figure 3: Illustration of the comparison of plasma levels of microparticles to different cell types of lung cancer (LC). (a) Apoptotic EDMP
against different cell types of LC, 𝑃 = 0.621; (b) apoptotic PDMP plotted against different cell types of LC, 𝑃 = 0.681; (c) activated EDMP
plotted against different cell types of LC, 𝑃 = 0.183; (d) activated PDMP plotted against different cell types of LC, 𝑃 = 0.045. AdC =
adenocarcinoma (𝑛 = 91); SqC = squamous carcinoma (𝑛 = 32); SmC = small cell lung cancer (𝑛 = 7). In these plots, the dot within the
line represents the median values; the upper and lower lines represent the 25th and 75th percentiles, respectively.The analysis was performed
using the Kruskal-Wallis test. EDMP = endothelium-derived microparticles; PDMP = platelet-derived microparticles.

the secretome of endothelial cells, either increasing the
production of proangiogenic factors or decreasing the
production of antiangiogenic factors [31–33]. These findings
[31–33] implicate that MPs are able to modify steps involved
in angiogenesis, such as proliferation, migration, and
adhesion of endothelial cells. These could explain why the
circulating level of MPs was found to be increased in the lung
cancer patients in the present study. Besides, we propose
that the ability of lung cancer cells generating MPs suggests
that they could play a critical role in angiogenesis facilitating
metastasis, which is the main reason for explaining the
levels of circulating microparticles increasing in lung cancer
patients in our study.

Interestingly, MPs derived from platelets have been
shown to be pro-angiogenic through the promotion of capi-
llary-like structures and pro-angiogenic factor production

[10]. In the current study, levels of both PDAc-MPs and
PDAp-MPs were found to be substantially higher in study
patients than in normal subjects, consistent with previous
studies [10].

4.2. Predictive Value and Clinical Relevant Implication of
Circulating Endothelial Cell-Derived andPlatelet-DerivedMPs
in Lung Cancer. Although the levels of circulating MPs have
frequently been reported to be increased in a variety of
diseases [10, 16, 20–23, 26, 27], whether or not MPs could be
useful in predicting disease outcomes in daily clinical practice
is still not clear, especially in the LC setting. In the present
study, importantly, no types of circulatingMPs were found to
be predictive of disease status, or metastatic status. Another
negative but similarly important finding was that PDAc-MPs,
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PDAp-MPs, and EDAc-MPs were not significantly predictive
of LC cell type.

To the best of our knowledge, only one previous study has
mentioned the level and value of MPs in LC patients [27].
This study demonstrated that the circulating levels of both
monocyte-derived MPs (MDMPs) and platelet-derived (PD)
MPs were significantly higher in LC patients than in normal
control subjects. Our current results support this finding
[27]. However, the previous study reported that circulating
levels of MDMPs and PDMPs were significantly higher in
non-small-cell LC patients than in small cell LC patients.
Conversely, our study revealed that only circulating level
of EDAp-MPs was significantly associated with small cell
rather than non-small-cell LC. Our results are, therefore,
inconsistent with the finding of the previous study in this
respect [27].We are uncertain as to why there is a discrepancy
between our study and the previous study [27]. Conceivably,
differences between patient sample size and enrollment
timing, the flow cytometry methodology for analysis of the
MPs, the LC stage of the patients, the age distribution of
the patients, and/or the treatment course of LC patients in
our study and the previous study [27] may have affected the
outcome.

In the present study, the circulating level of EDAp-
MPs is lower in lung squamous cell carcinoma than in
other cell types. As in a previous study report, EDAp-MPs
may activate matrix metalloproteases, which are involved
in the extracellular matrix degradation and the release of
growth factors that play a crucial role in tissue remodeling,
angiogenesis, and cancer spreading [34]. Lung squamous
cell carcinoma most often arises centrally in larger bronchi,
and while it often metastasizes to locoregional lymph nodes
(particularly the hilar nodes) early in its course, it generally
disseminates outside the thorax somewhat later than other
cell types of lung cancer. Lung squamous cell carcinoma also
tends to be slow growing; however, lung small cell carcinoma
and lung adenocarcinomamay grow quickly and spread early
in the course of the disease [35]. Therefore, lung squamous
cell carcinoma is believed to be slower cancer spreading
and lower extent of angiogenesis in host microenvironment
than other cell types of lung cancer. It can be expected that
circulating level of EDAp-MPs is lower in lung squamous cell
carcinoma than in other cell types.

Interestingly, the circulating levels of EDAc-MPs, EDAp-
MPs, and PDAp-MPs were relatively higher in early stage
LC patients than in late stage LC patients although the
results were not statistically significant. Of importance, the
circulating level of PDAc-MPs was significantly higher in
early stage LC patients than in late stage LC patients. These
findings perhaps suggest that turnover ofMPs is faster in early
stage than in late stage LC patients. Of particular importance
was that although our data showed that circulating levels of all
types of MPs were significantly increased in LC patients, only
circulating levels of EDAp-MPswere ascertained significantly
correlatedwith small cell rather than non-small-cell LC types.
This finding may be the most importantly clinical relevant
implication in the current study and encourages the use
of this kind of MPs as a predictive biomarker for in LC
patients.

5. Study Limitations

This study was limited by the following factors. First, the
sample size of this study was relatively small; thus, the
conclusions based on the findings of the present study are
tentative and care should be exercised in extrapolating the
results of this study to the clinical setting. Second, the statuses
of patientswhowere enrolled into the studywere not identical
at clinical presentation; that is, not all the patients had not
received treatment at presentation. Therefore, the impact of
circulating MPs on the prognostic outcome of LC patients
could not be investigated in the present study.

6. Conclusion

This study demonstrated that circulating levels of MPs are
significantly increased in LCpatients, and circulating levels of
EDAp-MPs were found significantly associated with different
LC cell types. These findings suggest that a prospective
clinical study with a larger sample size to investigate the pos-
sible usefulness of circulating MPs in predicting prognostic
outcome in LC patients is warranted.
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