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Abstract Hematogenous metastasis always leads to the
poor prognosis of non-small cell lung cancers (NSCLC).
Activated platelets are involved in hematogenous metastasis
and may be a potential therapeutic target. P-selectin is an
important adhesion molecule and expressed on the surface
of activated platelets. P-selectin glycoprotein ligand-1
(PSGL-1) as a transmembrane protein is expressed on the
surface of various cell types. P-selectin can bind to PSGL-1,
and thereby initiate the platelet-mediated cell adhesion. The
aim of the study was to investigate the degree of platelet
activation in NSCLC and the roles of PSGL-1 in the activa-
tion of platelets. Purified platelets were obtained from
NSCLC patients (40 lung adenocarcinomas and 26 lung
squamous cell carcinomas), and P-selectin expression was
detected by fluorescence-activated cell sorter. The popula-
tion of peripheral blood platelets with P-selectin expression
in lung adenocarcinoma was 63.16±25.44 %, and signifi-
cantly higher than that in lung squamous cell carcinoma
(35.97±17.19 %) and the healthy population (9.12±
7.66 %, n030). A specific small hairpin RNA (shRNA)
for PSGL-1 was transfected into A549 human alveolar cell
carcinoma cells. The expressions of PSGL-1 mRNA and
protein were significantly reduced with the PSGL-1 shRNA
(p<0.01). Furthermore, the knockdown of PSGL-1 also
resulted in the significantly reduced aggregate formation of

activated platelets and A549 cells. Thus, activated platelets
may interact with lung cancer cells through PSGL-1. Inhibit-
ing platelet activation and/or down-regulating PSGL-1 ex-
pression may be useful for suppression of tumor metastasis.

Keywords Lung cancer . Platelet activation . P-selectin . P-
selectin glycoprotein ligand 1 . RNA interference

Introduction

Lung cancer is the most common cause of cancer-related
death in the world. Non-small cell lung cancer (NSCLC)
comprises approximately 80 % of lung cancers [1]. Hema-
togenous and lymphatic metastases are the most common
metastatic pathways. In the earlier stages, lung cancer cells
metastasizes through the lymphatic system. If hematoge-
nous metastasis occurs, the disease often develops into an
advanced stage. Therefore, hematogenous metastasis is of-
ten associated with a poor prognosis of lung cancer patients,
and can accelerate death of lung cancer patients [1, 2].

The hematogenous metastasis of tumors mainly includes
three steps: (i) the tumor cells pass through the vascular
endothelial cells of the tumor tissues and move out of their
original position; (ii) the tumor cells move via blood, and (iii)
the tumor cells become implanted at the metastatic position.
Under normal hemodynamic conditions, most tumor cells are
destroyed because of the intolerance to the shear forces under
flow conditions or because of attack by the immune system in
the blood [3, 4]. However, a few tumor cells can induce
platelet activation and make the platelets congregate around
the tumor cells, thereby leading to the aggregate formation of
platelets and tumor cells. Currently, some researchers have
demonstrated that platelet activation during circulation occurs
in many types of malignant tumors. Since they are involved in
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hematogenous metastasis, activated platelets may be a poten-
tial therapeutic target [5, 6].

It has previously demonstrated that platelet count and
aggregation are significantly increased in patients with high-
ly metastatic lung cancer, especially hematogenously meta-
static lung cancer, compared with healthy controls and lung
cancer patients without hematogenous metastasis [7]. Stud-
ies have indicated that platelet activation was also closely
correlated with the hematogenous metastasis of lung cancer
[8]. However, it remains unclear about how activated plate-
lets affect the hematogenous metastasis of lung cancer.

The P-selectin on platelets is an important adhesion mole-
cule, which is mainly present in platelet α-particles. After
platelet activation, the P-selectin can be rapidly inserted into
the membrane and expressed on the platelet surface. Hence, P-
selectin is often regarded as a marker for platelet activation
[9]. P-selectin glycoprotein ligand 1 (PSGL-1) is a transmem-
brane glycoprotein with a homologous dimer structure and
expressed on the surface of almost all types of leukocytes and
cancer cells, such as human colon carcinoma, lymphomas,
human metastatic prostate tumor cells and so on [10–12].
Studies have demonstrated that PSGL-1 was a common phys-
iologic ligand used by P-selectin, L-selectin and E-selectin,
and could induce physiologic and pathologic processes
through adhesion to the selectins [12–14]. Recent studies have
shown that PSGL-1 might be closely correlated with the
hematogenous metastasis of some tumors. Dimitroff et al.
found that PSGL-1 was highly expressed in the bone meta-
static focus of prostatic carcinoma [10]. Raes et al. also found
that PSGL-1 was involved in the hematogenous metastasis of
lymphomas [12]. Recent studies have also indicated that can-
cer cell-derived microparticles that express PSGL-1 played a
key role in thrombus formation in vivo, and these micropar-
ticles could be the target for the prevention of thrombosis and
for limiting metastasis in cancer patients [15]. All of the
studies have indicated that PSGL-1 expression was different
in various tumor cells and it might be related to tumor metas-
tasis, although the specific mechanism remains unclear. Fur-
ther research is required to determine whether the important
effects of activated platelets on the hematogenous metastasis
of tumors depends on P-selectin or PSGL-1.

For this purpose, the short interfering RNA (siRNA) interfer-
ence method was used to study the effects of platelet activation
during circulation, as well as the effects of P-selectin and PSGL-
1 expression on the hematogenous metastasis of lung cancer.

Materials and Methods

Subjects

A total of 127 cases, including 97 patients (54.12±
8.69 years) and 30 healthy controls (43.86±4.72 years) were

included in the current study. The patients were diagnosed
with primary lung cancer in the Department of Respiratory
Diseases, Southwest Hospital, the Third Military Medical
University, from March 2009 to May 2010. These patients
had no blood diseases, severe malnutrition, infection, car-
diovascular diseases, diabetes, and other interfering factors.
97 patients were definitively diagnosed using histopatholog-
ic methods: 26 patients with squamous cell carcinoma
(53.62±9.41 years, 14 men and 12 women), 40 patients
with lung adenocarcinoma (54.02±9.19 years,13men and
27 women), and 31 patients with small cell lung cancer
(54.13±8.69 years, 20 men and 11 women). In our study,
only NSCLC were included, and 31 cases with small cell
lung cancer were excluded. The patients did not take any
drugs that would affect platelet function 2 weeks before
drawing blood samples. According to the physical exami-
nations performed in our hospital, 30 healthy individuals,
including 19 men and 11 women, were assigned as the
control group. This study was conducted in accordance with
the declaration of Helsinki. This study was conducted with
approval from the Ethics Committee of the Third Military
Medical University. Written informed consent was obtained
from all participants.

Separation of Platelets

Platelets were isolated according to the following steps: (i)
blood samples were collected from each of 66 patients and
30 control subjects after arising on an empty stomach in the
morning. Then, 7 mL of whole blood with the anticoagulant
ethylenediaminetetraacetic acid-K3 was obtained and centri-
fuged at 2500 rpm for 12 min at room temperature. (ii) After
stratification, the plasma at the upper layer was obtained and
placed into another centrifuge tube and then centrifuged at
500 rpm for 6 min to obtain the platelet-rich plasma (PRP)
in the upper layer. (iii) The PRP was centrifuged at
3200 rpm for 30 min at 4 °C, and the platelets were collected
after discarding the supernatant. (iv) The collected platelets
were washed twice with 0.01 M of phosphate-buffered
saline (PBS; 3200 rpm, 30 min, 4 °C). At this time, the
platelets were ready for testing.

P-Selectin Expression Assay Using Fluorescence-Activated
Cell Sorter (FACS)

The platelet activation was reflected by the P-selectin ex-
pression on the platelets in peripheral blood from patients
with NSCLC. After the platelets were separated and puri-
fied, 50 μL of 0.01 M PBS was added in each tube to
resuspend the platelets. Then, 5 μL of the P-selectin anti-
bodies (1:50) were added and the samples were incubated
for 1 h at 37 °C. The samples were then washed twice with
0.01 M PBS (3000 rpm, 3.5 min). After discarding the
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supernatant, 5 μL of the FITC-labeled secondary antibodies
(1:50) were added to each tube, and the samples were
washed twice with 0.01 M PBS. Samples were analyzed
by flow cytometry.

shRNAVector Construction

The pSilencer GFP 2.0-U6 plasmid was purchased from the
GenScript Corporation. According to the PSGL-1 gene se-
quence, three specific siRNA sequences for PSGL-1 (GI:
68160948) were designed using the siRNA design tool
“siRNA sequence selector”. The sequences were as follows:
A) 5′-CCACGGATTCAGCAGCTAT-3′; B) 5′-GGAGAT
ACAGACCACTCAA-3′, and C) 5′-GGAAGCACAGA
CCACTCAA-3′. The construction of the pSilenser-PSGL-
1-shRNAvector was completed by the Shanghai GeneChem
Co., Ltd. (China), and the steps were as follows: the siRNA
oligonucleotides were annealed to form the target double-
stranded DNA, followed by digestion with BamHI/HindIII
restriction enzymes and ligated into the linearized pSilenser
2.0-U6 digested with the same enzymes and then trans-
formed into competent Escherichia coli DH5α and screened
on ampicillin-containing plates to produce the recombinant
pSilenser-PSGL-1-shRNA vector, and the positive colonies
were picked for sequencing and culture. Subsequently, the
plasmids were extracted and digested with BamHI/HindIII
after identification through enzyme digestion and sequenc-
ing. After the primary experiment, the silencing effect of the
B sequence was the most efficient and used for the follow-
ing transfection.

Cell Transfection

A549 human alveolar cell carcinoma cells were purchased
from the Shanghai Cell Bank (China), and cultured in Dul-
becco’s modified Eagle’s medium supplemented with 10 %
fetal calf serum at 37 °C under 95 % air-5 % CO2. The
pSilenser-PSGL-1-shRNA or the pSilencer GFP 2.0-U6
plasmid was introduced into A549 cells according to the
instructions for Lipofectamine™ 2000. Briefly, 1 day before
transfection, 0.5–2×105 cells were inoculated into six-well
plates. Transfection mixtures containing Solution A (5 μg
plasmid+100 μL OptiMEM medium) and Solution B
(10 μL Lipofectamine™ 2000+100 μL OptiMEM medium)
were prepared in 96-well plates. When A549 cells reached
70 % confluence, cells were transfected with the DNA of the
pSilenser-PSGL-1-shRNA and the pSilencer GFP 2.0-U6
plasmid as mock transfection control, respectively. The cells
were incubated for 4 h at 37 °C. Subsequently, the transfec-
tion medium was replaced with complete medium, and the
cells were incubated for 44 h at 37 °C. The transfection
efficiency of the cells was observed under an inverted phase
contrast microscope and a fluorescence microscope. After

transfection for 48 h, the cells were removed from the plates
and washed twice with precooled PBS (1500 rpm, 5 min),
resuspended and adjusted to a concentration of 20×106/L,
and selected using the FACS to obtain the mock-transfected
or shRNA-transfected GFP-positive cells.

RT-PCR Assay

According to the PSGL-1 gene sequence (GenBank accession
no. 68160948), the primers were designed using the Primer
Premier 5.0. The primer sequences were 5′-TGAGTCTA
CCACTGTGGAGCC-3′ (sense) and the downstream primer
was 5′-GGTTGAGTGGTCTGTATCTCC-3′ (antisense). The
primer sequences used for the internal reference β-actin were
5′-ACCCATCACCATCTTCCAGGAG-3′ (sense) and the
downstream primer was 5′-GAAGGGGCGGAGATGA
TGAC-3′ (antisense).

The RNA was extracted from A549 cells pre- and post-
transfected with pSilenser-PSGL-1-shRNA plasmid or the
mock control, and subjected to real-time quantitative PCR
using SYBR Master Mixture (TakaRa Co., Ltd. Japan) in an
iQ5 real-time PCR detection System (Bio-Rad). The PCR
amplification procedures were as follows: 94 °C, 2 min,
94 °C, 30 s, 53 °C, 30 s, 72 °C, 60 s, 29 cycles, 72 °C,
10 min. After amplification, 10 μL of the PCR product was
detected on 1.5 % agarose gels, observed and photographed
under an ultraviolet lamp. The integrated optical density (IOD)
ratio of PSGL-1 to theβ-actin products was calculated. And the
IOD ratio represents the relative expression of PSGL-1.

Western Blot Assay

The A549 cells pre- or post-transfection with pSilenser-
PSGL-1-shRNA plasmid or the mock control were collected
and dissolved in lysis buffer (7 M of urea, 2 M of thiourea,
and 4 % of CHAPS), and centrifuged at 40,000×g for 1 h.
The supernatant was then collected. Protein concentrations
were determined using Bradford protein assays (Bio-Rad);
25–50 μg of protein was analyzed by 2 % SDS-PAGE,
transferred to polyvinylidene fluoride membranes, and
blocked overnight with 5 % non-fat milk. The membranes
were incubated with rabbit anti-PSGL-1 polyclonal antibod-
ies (1:600; Santa Cruz, USA) at room temperature for 4 h.
The membrane was washed three times with Tris-buffered
saline (TBS) for 5 min each. After washing, secondary anti-
rabbit horseradish peroxidase-IgG (1:2000; Golden Bridge,
China) was added, and the membranes were incubated for
2 h at room temperature. The membrane was washed once
with TBS for another 5 min. The blots were then developed
with chemiluminescent (ECL) reagents (Pierce, Rockford,
USA) and imaged on X-ray film by autoradiography. β-
actin was used as the control, and Quantity One software
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(Bio-Rad, California, USA) was used to measure the band
intensity.

Co-immunoprecipitation

The interaction of platelet P-selectin and PSGL-1 of
A549 cells was detected by co-immunoprecipitation
method, the activated platelets and inactivated platelets
were co-cultured with untransfected A549 cells and
GFP-positive transfected A549 cells. Inactivated plate-
lets were defined the platelets from the health popula-
tions, in which the ratio of p-selectin expression was
less than 10 %, while the activated platelets were from
the patients with lung cancer, in which the ratio of p-
selectin expression was more than 50 %. The activated
platelets could bind to PSGL-1 of A549 cells through
P-selectin, but the inactivation platelets cannot do
through the P-selectin. After co-cultivation, the platelets
were washed off gently with PBS for 2–3 times until
the platelets were not observed under microscope. Fol-
lowed, the total proteins in A549 cells and GFP-positive
transfected A549 cells were extracted, and the anti-
PSGL-1 antibody was used to precipitate the PSGL-1
protein. In the Western blot analysis, the anti-PSGL-1
antibody and anti- P-selectin antibody were used to
detect PSGL-1 and P-selectin, respectively. The experi-
ment were divided into five groups: (i) untransfected
A549 cells; (ii) co-cultivation of A549 cells and inacti-
vated platelets; (iii) co-cultivation of A549 cells and
activated platelets; (iv), co-cultivation of A549 cells
transfected with the pSilencer GFP 2.0-U6 plasmid(as
mock trasfection control)and activated platelets; (V) co-
cultivation of A549 cells transfected with pSilenser-
PSGL-1-shRNA plasmid and activated platelets. Only
the activated platelets could express P-selectin highly.
Antibodies (1–2 μg) were added to the Eppendorf tubes that
were slowly shaken overnight (12–16 h) at 4 °C. The prepared
“protein A+G” agarose was added to the Eppendorf tubes,
and the tubes were slowly shaken at 4 °C for 2–3 h to ensure
that the antibodies coupled with the “protein A+G” agarose
beads. The “protein A+G” agarose in the Eppendorf tubes
was washed with 500 μL cytolytic solution and centrifuged
(1000×g, 4 °C for 5 min). Then the wash solution was
removed by absorption. The aforementioned steps were re-
peated 4–5 times. After the last washing, the supernatant was
removed and 20–40μL of PBS was added; the precipitate was
resuspended with vortex mixer, and the protein concentration
was determined.

Electron Microscopy

On the day before coculturing, 1×105 of A549 cells were
inoculated on slides in cell-culture plates, and culture plates

were placed in an incubator containing 5 % CO2 at 37 °C.
After 24 h, activated platelets were inoculated onto the
slides in cell culture plates and cultivated. After 48 h of
cocultivation, the cells were collected to conduct subsequent
tests. Platelets were isolated from each of the 40 patients
with lung cancer, and 29 platelet samples showed the ratio
of p-selectin expression more than 50 %.

The specimen-processing steps for scanning under elec-
tron microscopy were as follows: (i) The cell specimens
fixed with electron microscope fixation solution were
extracted, and the fixation solution was removed with a
pipette; then, the specimens were washed twice with 0.9 %
saline (10 min every time). (ii) Alcohol solutions (30 %,
50 %, 70 %, 80 %, 90 % and 100 %) were used to perform
gradient dehydration (once for 30 %, 50 %, 70 %, 80 % and
90 % of alcohol, and twice for 100 % of absolute alcohol,
respectively; 4 min every time). (iii) Tert-butyl alcohol
solutions (50 %, 70 %, 90 %, 95 % and 100 %) were used
to perform gradient substitution (once for 50 %, 70 %, 90 %
and 95 % of tert-butyl alcohol, and twice for 100 % tert-
butyl alcohol, respectively; 4 min every time;). 100 % tert-
butyl alcohol was maintained at 40 °C, otherwise it was
easily solidified. Finally, the slides were removed and pasted
on the original plate. At this time, they were ready for
testing.

Statistics Analysis

All experiments were performed at least three times, and the
data are expressed as mean±standard deviation. Data were
analyzed using a one-way ANOVA. A p value of less than
0.05 was considered significant.

Results

FACS Assay and Selecting

P-selectin belongs to the family of selectin adhesion mole-
cules, and the P-selectin expression is also considered the
major markers of platelet activation [9]. To evaluate the
platelet activation in different patients with lung cancer,
the P-selectin expression on the surface of activated platelets
were compared between patients and healthy subjects by
FACS method. The FACS results showed that the P-selectin
expression as a platelet activation indicator was significantly
higher in the peripheral blood platelets of the patients with
lung adenocarcinoma compared with the healthy controls
and patients with squamous lung cancer (Fig. 1). The pop-
ulation of peripheral blood platelets with P-selectin expres-
sion in lung adenocarcinoma patients (63.16±25.44 %, n0
40) was significantly higher than those in squamous cell
carcinoma patients (35.97±17.19 %, n026) and in the
healthy controls (9.12±7.66 %, n030)(Fig. 1).
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Isolation of GFP-Positive A549 Cells

The double-stranded PSGL-1 shRNA or the empty plasmid
was transiently expressed in A549 cells. After transfection,
A549 cells were selected with FACS to obtain the GFP-
positive cells. The GFP-positive A549 cells that were trans-

fected with shRNA were 32.4 % (Fig. 2).

PSGL-1 Gene Expression

To observe whether the PSGL-1 gene expression was
knocked down by shRNA, we measured the expression

Fig. 1 P-selectin activation on platelets in the peripheral blood of
patients with NSCLC. (A) Healthy control. (B) Lung squamous cell
carcinoma. (C) Lung adenocarcinoma. M1 represents P-selectin-
positive platelets. (D) The percentage of P-selectin-positive platelets.
Healthy control subjects (n030, 9.12±7.66 %, each sample repeated
three times), patients with squamous cell carcinoma (n026, 35.97±

17.19 %, each sample repeated three times), and patients with Lung
adenocarcinoma (n040, 63.16±25.44 %, each sample repeated three
times). The value was obtained by the calculation of the mean of
samples of each group. **p<0.01 versus healthy control; +p<0.05
versus lung squamous cell carcinoma

Fig. 2 Section of the GFP-
positive cells transfected with
the pSilenser-PSGL-1-shRNA
plasmid by FACS. After trans-
fection for 48 h, the cells were
removed from the plates and
washed twice with precooled
PBS, resuspended, adjusted the
concentration, and selected us-
ing the FACS to obtain the
GFP-positive cells. a The dis-
tribution of main cell popula-
tions (P1) under FACS
screening. b The count of the
GFP-positive cells (P2). (C)
The ratio of P1 and P2 in the all
screened cell populations
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levels of PSGL-1 mRNA and protein using RT-PCR and
Western blot analysis. Among three designed siRNA
sequences, B sequence could effectively silence the PSGL-
1 gene expression (data not shown).

The relative expression level of PSGL-1 mRNA was
significantly lower in the PSGL-1 shRNA transfected
A549 cells than that in the untransfected A549 cells
(p<0.05; Fig. 3). Consistent with the above result, the
PSGL-1 protein expression was reduced by 80 % after
transfection with the pSilenser-PSGL-1-shRNA plasmid
(p<0.01; Fig. 4).

Co-immunoprecipitation Assay

The interaction of platelet P-selectin and PSGL-1 of A549
cells was detected by co-immunoprecipitation method using
anti-PSGL-1 antibody and anti- P-selectin antibody. The
activated platelets could bind to PSGL-1 of A549 cells
through P-selectin, but the inactivated platelets cannot bind
through the P-selectin. In the immunoprecipitation analysis,
the anti-PSGL-1 antibody was used to precipitate the PSGL-
1 protein. In the Western blot analysis, the anti-PSGL-1
antibody and anti-P-selectin antibody were used to detect
PSGL-1 and P-selectin, respectively.

As shown in Fig. 5, only PSGL-1 could be detected in the
A549 cells alone (lane 1). When A549 cells were co-
cultured with inactivated platelets, the P-selectin was not
found because the P-selectin expression level was too low in
inactivated platelets (lane 2). However, when A549 cells
(untransfected or transfected with mock plasmid) were co-
cultured with activated platelets, the P-selectin interacted
with the corresponding PSGL-1 could be observed (lane 3,
4). After the PSGL-1 gene expression was silenced by the
pSilenser-PSGL-1-shRNA, the interaction of P-selectin and
PSGL-1 of A549 cells could be significantly decreased by
silenced PSGL-1 (lane 5, 6).

Fig. 3 The change of PSGL-1 mRNA level before and after transfec-
tion. a RT-PCR electrophoresis results. b The relative expression of
PSGL-1 mRNA pre- and post-transfection by pSilenser-PSGL-1-
shRNA. The amount of PSGL-1 mRNAwas normalized to the amount
of β-actin mRNA. The mean values were derived from three indepen-
dent experiments. M, marker; Lane 1, A549 cells; lane 2, the screened
positive cells transfected by pSilencer GFP 2.0-U6 plasmid as mock
transfection control; lanes 3–5, the screened positive cells transfected
by pSilenser-PSGL-1-shRNA

Fig. 4 PSGL-1 protein expression in the A549 cells pre- and post-
transfected with pSilenser-PSGL-1-shRNA. a Western Blot analysis. b
The relative level of PSGL-1 proteins before and after transfection.
After transfection of the pSilenser-PSGL-1-shRNA, the PSGL-1 pro-
tein expression was significantly reduced. The mean values were
obtained from three independent experiments. Lane 1, A549 cells; lane
2, the screened positive cells transfected by pSilencer GFP 2.0-U6
plasmid as mock transfection control; lanes 3–5, the screened positive
cells transfected by pSilenser-PSGL-1-shRNA

Fig. 5 Co-immunoprecipitation assay. The interaction of P-selectin
and PSGL-1 was analyzed by co-immunoprecipitation assay using
anti- PSGL-1 antibody and anti- P-selectin antibody. The activated
platelets and in activated platelets were co-cultured with untransfected
A549 cells and GFP-positive transfected A549. Lane 1, A549 cells;
lane 2, co-cultivation of A549 cells and inactivated platelets; lane 3,
co-cultivation of A549 cells and activated platelets; lane 4, co-
cultivation of A549 cells transfected with the pSilencer GFP 2.0-U6
plasmid(as mock trasfection control)and activated platelets; lanes 5 and
6, co-cultivation of A549 cells transfected with pSilenser-PSGL-1-
shRNA plasmid and activated platelets
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Electron Microscopy

Compared with the normal cultured A549 cells, only a small
number of platelets congregated around the tumor cells in
the A549 cells co-cultured with inactivated platelets
(Fig. 6A and B). After the A549 cells were cocultured with
activated platelets (with higher P-selectin expression), obvi-
ous aggregations of tumor cells and platelets were found
(Fig. 6C). However, the interactions between platelets and
lung cancer cells were significantly reduced after the
pSilenser-PSGL-1-shRNA transfected into the A549 cells
(Fig. 6D). Platelets from three patients were analyzed in
each group, and each of samples was repeated three times.

Discussion

During circulation, lung cancer cells interacted with many
cellular factors and cytokines to influence the hematogenous
metastasis of cancerous cells [16, 17]. Recent studies have
confirmed that the activation and aggregation of platelet in
circulation were relevant to cancer-associated thrombosis
and tumor metastasis in a variety of malignancies, and the
increased expression of active molecules was the main char-
acteristics of platelet activation [5, 18, 19].

Our studies indicated that P-selectin expression on platelets
in the peripheral blood of patients with lung cancer was signif-
icantly higher than that of the healthy control group. And the
significant difference was also found between the lung adeno-
carcinoma and the squamous lung cancer groups. Activated
platelets ccould combine with cultured human alveolar cell

carcinoma A549 cells to form the aggregation of platelets and
lung cancer cells. PSGL-1 expression was detected in the
cultured A549 cell strain. After the PSGL-1 expression of the
A549 cells was silenced by shRNA, the aggregation of activat-
ed platelets and A549 also significantly decreased (p<0.01).

Activated platelets reacted with their ligand PSGL-1 on
lung cancer cells via P-selectin, and the aggregated for-
mation of platelets and lung cancer cells might be medi-
ated by the binding of the P-selectin/PSGL-1 pairs.
Inhibiting the expression of endogenous PSGL-1 could
effectively prevent the A549 carcinoma cells from inter-
acting with activated platelets, thereby probably leading
to the distant hematogenous metastasis of the lung cancer
cells. This is a great potential for further research on the
correlations of platelets and its adhesion molecules to the
hematogenous metastasis of tumor cells. Importantly, anti-
platelet activation and anti-selectins and selectin ligands
could play a potential role in therapy of suppression of
tumor metastasis [5, 20, 21].

The platelet-lung cancer cell complex protected cancer
cells from mechanical injury in the bloodstream. In addition,
the complex might influence the interaction between the tu-
mor cells and the vascular endothelial cells, which might be
one of the main mechanisms involved in platelet activation
and hematogenous metastasis of tumors [22–24]. In future
studies, we would investigate the formation of platelet-lung
cancer cell complexes and their effects on the rolling and
adhesion of lung cancer cells onto the surface of the vascular
endothelium under simulated flow conditions, and the mech-
anisms of how P-selectin/PSGL-1 pairs affect the interaction
of lung cancer cells and the vascular endothelium.

Fig. 6 The electron
microscopy assay. The platelet
and A549 cell complexes were
scanned under the electron
microscopy. The white arrow
indicates the aggregation of
platelets and lung cancer cells.
a A549 cells; b co-cultivation
of A549 cells and inactivated
platelets; c co-cultivation of
A549 cells and activated plate-
lets; and d co-cultivation of
A549 cells with pSilenser-
PSGL-1-shRNA plasmid and
activated platelets. Each of
samples was repeated three
times
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