
ONCOLOGY LETTERS  22:  676,  2021

Abstract. Activated platelets (PLTs) participate in the regu‑
lation of tumor angiogenesis, and tumors can activate PLTs. 
Whether co‑culture of lung carcinoma with PLTs improves the 
function of human umbilical vein endothelial cells (HUVECs) 
requires further investigation. The present study aimed to 
investigate the impact of H1975 cell crosstalk with PLTs on 
the proliferation, migration and tube formation of HUVECs. 
Following generation of cell‑derived supernatants and 
construction of the co‑culture system, Cell Counting Kit‑8, 
flow cytometry, transmission electron microscopy and a meter 
for epithelial measurement were performed to detect the prolif‑
erative ability of HUVECs. Furthermore, the wound healing 
and Transwell migration assays were performed to detect 
the migratory ability of HUVECs. A tube formation assay 
was performed to assess angiogenesis, ELISA was applied 
to detect the content of vascular endothelial growth factor 
(VEGF) and western blotting was carried out to measure the 
expression levels of VEGF receptor 2 (VEGFR2) in HUVECs. 
Compared with single‑cultured HUVECs (control), co‑culture 
with H1975 cells and PLTs (Exp_HP) improved cell prolifera‑
tion, increased the proportion of cells in the S‑phase, destroyed 
the cell ultrastructure and decreased transepithelial electrical 
resistance in HUVECs. In addition, a higher relative migration 
rate, greater number of migrated cells, stronger tube‑forming 
ability and increased expression of VEGF and VEGFR2 were 
detected in the Exp_HP group compared with the control 
group. The properties of HUVECs in Exp_H (co‑cultured with 

H1975 cells) were similar to those in Exp_HP, but significantly 
weaker. Taken together, the results of the present study suggest 
that tumor cells interacting with PLTs may play an important 
role in tumor angiogenesis by affecting or mediating changes 
in the properties of vascular endothelial cells (VECs).

Introduction

Lung cancer is the most common malignancy overall and 
accounted for 11.6% of the total number of cancer cases 
worldwide in 2018 (1). Furthermore, ~80% lung cancer cases 
are non‑small cell lung cancer (NSCLC), and lung adenocar‑
cinoma is the most common subtype of NSCLC (1). Tumor 
metastasis is the main cause of clinical treatment failure and 
mortality (2). Lung adenocarcinoma is a type of lung cancer 
that easily metastasizes. Most patients with lung cancer who 
do not smoke suffer from lung adenocarcinoma with epidermal 
growth factor receptor (EGFR) mutations (3). In China, the 
proportion of women with lung cancer is increasing, while 
~80% of Chinese women with lung cancer do not smoke (4). 
Understanding the underlying molecular mechanism of lung 
adenocarcinoma is useful to improve the therapeutic regimen 
and effect of treatment, particularly for patients who do not 
smoke.

Tumor metastasis is a complex pathophysiological process 
in which vascular microenvironment remodelling plays a key 
role in the formation of the tumor metastasis microenviron‑
ment (5,6). Angiogenesis is an important pathological and 
physiological basis for the growth and invasion of tumor 
cells (7,8). Vascular endothelial cells (VECs) play an impor‑
tant role in the process of angiogenesis (9). Studies have 
reported that the components secreted by tumor cells can 
stimulate angiogenesis. For example, the outer vesicles derived 
from osteosarcoma cells can induce angiogenesis (10), and the 
exosomes secreted by ovarian cancer cell ovacar‑3 can promote 
the expression and secretion of vascular endothelial growth 
factor (VEGF) in endothelial cells (ECs), thereby enhancing 
the proliferative and migratory abilities of ECs (11).

Platelets (PLTs) also play an important role in tumor 
growth and metastasis (12‑14). For example, activated PLTs 
can encapsulate tumor cells, enhance the ability of tumor cells 

Crosstalk between H1975 tumor cells and platelets 
to induce the proliferation, migration and tube 

formation of vascular endothelial cells
BAIKUN LI1*,  XINGYU DONG2*,  JIMIN ZHU3,  TING ZHU2,  XIAOXIAO TAO4,  DAIYIN PENG4  and  QINGLIN LI4

1School of Traditional Chinese Medicine; 2School of Pharmacy; 3School of Life Sciences,  
Anhui University of Chinese Medicine, Hefei, Anhui 230012; 4Key Laboratory of Xin'an Medicine  

(Anhui University of Chinese Medicine), The Ministry of Education, Hefei, Anhui 230038, P.R. China

Received February 5, 2021;  Accepted June 21, 2021

DOI: 10.3892/ol.2021.12937

Correspondence to: Dr Qinglin Li, Key Laboratory of Xin'an 
Medicine (Anhui University of Chinese Medicine), The Ministry of 
Education, 103 Meishan Road, Hefei, Anhui 230038, P.R. China
E‑mail: liqinglin@ahtcm.edu.cn

*Contributed equally

Key words: lung carcinoma, platelet, vascular endothelial cells, 
angiogenesis, co‑culture



LI et al:  IMPACT OF H1975 CELLS CO‑CULTURED WITH PLATELETS ON HUVECs2

to cope with blood flow shear force and escape the killing of 
the immune system, mediate the adhesion and extravasation 
of tumor cells and vascular ECs (15), and participate in the 
regulation of tumor angiogenesis (16‑18). PLTs are activated 
by tumor cells and exhibit higher expression of pro‑angiogenic 
factors, such as von Willebrand factor, vascular endothelial 
growth factor (VEGF) and sphingosine‑1‑phosphate (19). 
However, antiplatelet therapy often leads to physiological 
coagulation abnormalities, increasing the risk of bleeding (20). 
Activated PLTs contain various active biomolecules, which 
promote the proliferation of tumor cells (20). Thus, it is specu‑
lated that the interaction between tumor cells and PLTs can 
promote the proliferation, migration and tube formation of 
vascular ECs. However, further investigations are required to 
confirm this hypothesis.

In the present study, the lung adenocarcinoma cell line, 
H1975 with EGFR mutation, was isolated from a woman 
with lung adenocarcinoma who does not smoke. A co‑culture 
in vitro system was used to simulate the interaction between 
H1975 cells and PLTs and evaluate its impact on the prolifera‑
tion, migration and tube formation of vascular ECs to lay the 
foundation for future studies on the mechanism and effect of 
drug intervention among patients with lung adenocarcinoma 
who do not smoke.

Materials and methods

Cell culture. The human lung adenocarcinoma cell line, H1975, 
and HUVECs were kindly provided by the Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences. Cells 
were maintained in RPMI‑1640 medium (Thermo Fisher 
Scientific, Inc.) supplemented with 1% penicillin/streptomycin 
and 10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
Inc.), at 37˚C in a humidified atmosphere with 95% air and 
5% CO2.

Preparation of PLT. A total of 10 ml of venous whole blood 
was extracted from healthy adult volunteer, using acid 
citrate dextrose (15% v/v; lot, 0803A20; Beijing Leagene 
Biotechnology Co., Ltd.) as an anticoagulant (21). Following 
centrifugation at 190 x g for 20 min at room temperature in 
a horizontal centrifuge, PLT‑rich plasma was obtained by 
carefully extracting the supernatant, which was centrifuged 
at 650 x g for 10 min at room temperature. PLTs were washed 
in citrate‑glucose‑sodium buffer (CGS; 14.7 mM trisodium 
citrate, 33.3 mM glucose, 123 mM NaCl, pH 7.0) and centri‑
fuged at 600 x g for 5 min at room temperature. After washing 
twice with CGS, PLTs were resuspended using prewarmed 
RPMI‑1640 medium without FBS. Subsequently, a suspension 
with 3.0x108 PLTs/ml was made and immediately used for cell 
experiment (17). All participants provided oral consent after 
fully explanatory statements of the study.

Generation of cell derived supernatant (SN). A total of 
two types of supernatants were generated, namely, H1975 
cell‑derived supernatant (SN_H) and supernatants derived 
from H1975 cells co‑cultured with PLT (SN_HP). Briefly, 
H1975 cells were cultured to confluence in a 75 cm2 petri dish, 
and the culture medium was replaced with RPMI‑1640 medium 
without FBS. Following incubation for 24 h at 37˚C, the cell 

supernatant was collected in an aseptic tube and centrifuged 
at 1,800 x g for 10 min at room temperature to eliminate cell 
debris, and SN_H was subsequently frozen at ‑80˚C. Similarly, 
H1975 cells were cultured to confluence in a 75 cm2 petri dish, 
and cells were thoroughly washed with PBS following removal 
of the culture medium. Following incubation with PLT suspen‑
sion and RPMI‑1640 medium without FBS for 24 h at 37˚C, 
SN_HP were harvested in aseptic tubes and frozen at ‑80˚C 
following centrifugation at 1,800 x g for 10 min at room 
temperature. Supernatants were used for the wound healing 
and tube formation assays, which consisted of three groups: 
Control stands for single‑cultured HUVECs, Exp_H stands 
for HUVECs co‑cultured with SN_H and Exp_HP stands for 
HUVECs co‑cultured with SN_HP.

Construction of the co‑culture system (CCS). In total, three 
groups (control, Exp_H and Exp_HP) were set up, and each 
group consisted of an upper chamber and a lower chamber (22). 
For the control group, HUVECs (1x104 cells per well for 
24‑well plates and 1x105 cells per well for 6‑well plates) were 
seeded into the upper chambers with RPMI‑1640 medium, 
while RPMI‑1640 medium supplemented with 10% FBS was 
added to the lower chambers. For the Exp_H group, HUVECs 
(1x104 cells per well for 24‑well plates and 1x105 cells per well 
for 6‑well plates) were seeded into the upper chambers with 
RPMI‑1640 medium, H1975 cells (1x104 cells per well for 
24‑well plates and 1x105 cells per well for 6‑well plates) and 
RPMI‑1640 medium supplemented with 10% FBS were added 
to the lower chambers. For the Exp_HP group, HUVECs 
(1x104 cells per well for 24‑well plates and 1x105 cells per well 
for 6‑well plates) were seeded into the upper chambers with 
RPMI‑1640 medium, and H1975 cells (1x104 cells per well for 
24‑well plates and 1x105 cells per well for 6‑well plates), PLTs 
(2x106 cells per well for 24‑well plates and 2x107 cells per well 
for 6‑well plates) and RPMI‑1640 medium supplemented with 
10% FBS were added to the lower chambers.

The upper chamber inoculated with HUVECs was trans‑
ferred to the corresponding lower chamber. Control stands 
for single‑cultured HUVECs, Exp_H stands for HUVECs 
co‑cultured with H1975 cells and Exp_HP stands for HUVECs 
co‑cultured with H1975 cells and PLTs. Based on CCS, cell 
viability, cell resistance, and Transwell migration measure‑
ments were performed using 24‑well Transwell culture plates, 
and morphological observation, cell cycle analysis, VEGF and 
VEGF receptor 2 (VEGFR2) expression measurements were 
performed using 6‑well Transwell culture plates. The specific 
process of each detection method is described subsequently.

Detection of PLT activation. PLTs were incubated with SN_H 
for 2 h at 37˚C in a humidified atmosphere with 5% CO2, 
centrifuged at 2,000 x g for 5 min at room temperature, and 
resuspended in 100 ml PBS. Cells were subsequently incubated 
in the dark with phycoerythrin (PE) isotype (lot, 12471482; 
Thermo Fisher Scientific, Inc.) and PE‑labelled anti‑P‑selectin 
(1:20 dilution; lot, 2265654; Thermo Fisher Scientific, Inc.) 
at room temperature for 30 min, and subsequently fixed with 
1% paraformaldehyde (PFA) at room temperature for 10 min. 
Cells were centrifuged at 400 x g for 5 min at room temperature 
and resuspended in 500 ml of PBS. P‑selectin was measured 
using a FACSCalibur flow cytometer (Becton‑Dickinson 
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and Company) and analyzed using CXP analysis software 
(version 2.2; Beckman Coulter, Inc.).

Cell Counting Kit‑8 (CCK‑8) assay. A total of three groups 
were designed based on CCS. For the control group, 1x104 
HUVECs were seeded into the upper chambers (Corning, Inc.) 
with 0.5 ml RPMI‑1640 medium, while 1 ml of RPMI‑1640 
medium supplemented with 10% FBS was added to the lower 
chambers. For the Exp_H group, 1x104 H1975 cells were 
seeded into the lower chambers based on the control. For the 
Exp_HP group, 2x106 PLTs were seeded into the lower cham‑
bers based on the Exp_H.

The upper chamber inoculated with HUVECs was trans‑
ferred onto the corresponding lower chamber. Following 
incubation for 1, 2, 3 and 4 days, CCK‑8 reagent (lot, 69112500; 
Biosharp Life Sciences) was used to detect HUVEC prolifera‑
tion, and a microplate reader (Molecular Devices, LLC) was 
used to measure the optical density (OD) at a wavelength of 
450 nm after another 2 h of incubation with the CCK‑8 reagent. 
The OD values are represented as the mean absorbance for 
three wells from each group.

Cell cycle analysis. A total of three groups were designed based 
on CCS. For the control group, 1x105 HUVECs were seeded 
into the upper chambers with 2 ml of RPMI‑1640 medium, 
while 3 ml of RPMI‑1640 medium supplemented with 10% 
FBS was added to the lower chambers. For the Exp_H group, 
1x105 H1975 cells were seeded into the lower chambers at the 
same time as the control. For the Exp_HP group, 2x107 PLTs 
were seeded into the lower chambers based on the Exp_H.

The upper chamber inoculated with HUVECs was 
transferred to the corresponding lower chamber. Following 
incubation for 3 days at 37˚C, cells were washed twice with 
cold PBS and harvested. Subsequently, cells were treated 
with ribonuclease A (Rnase A; lot, ST576; Beyotime Institute 
of Biotechnology) for 30 min at 37˚C, and then treated with 
propidium iodide (PI; lot, 7007583; Biosharp Life Sciences) 
in the dark for 30 min at 4˚C. The fluorescence intensity of 
cells was determined using a FACSCalibur flow cytometer 
(Becton‑Dickinson and Company). Cell cycle phase distribu‑
tion was calculated using ModFit LT software (Verity Software 
House, Inc.).

Morphological observation. Grouping design and cell culture 
conditions were the same as those used for cell cycle analysis. 
Briefly, HUVECs were collected following incubation for 
3 days at 37˚C, fixed in 3% glutaraldehyde (lot, 2191108; Ted 
Pella, Inc.) for 10 h at 4˚C, postfixed in 1% osmium tetroxide 
(lot, 4008‑182802‑100118; Ted Pella, Inc.) for 1 h at 4˚C, 
dehydrated in graded ethanol at room temperature, and subse‑
quently embedded in Epon. Thin sections were mounted on 
copper grids, stained with lead citrate (lot: 180705; Ted Pella, 
Inc.) for 30 min at room temperature. Transmission electron 
microscopy (JEM 1400; JEOL, Ltd.) was used to observe the 
morphological changes in the HUVECs.

Cell resistance measurement. Grouping design and cell 
culture conditions were the same as those for the CCK‑8 assay. 
Following incubation for 1, 2, 3 and 4 days, cell resistance 
was continuously measured using a meter for the epithelium 

instrument (RE1600, Beijing Jinhongtai Technology Co., Ltd.). 
The impedance value could be used to reflect the degree of cell 
resistance, that is, high impedance indicates tight junctions, 
while low impedance indicates loose junctions (23).

Wound healing assay. Cell suspension containing 1x106 
HUVECs (2 ml) was added to a 6‑well plate. The monolayer 
of cells was scratched in the middle with a pipette tip when 
cells grew to 80‑90% of confluence and washed twice with 
sterile PBS to remove debris. Cells were subsequently cultured 
with 2 ml of SN_H, SN_HP and RPMI‑1640 medium without 
FBS to form the Exp_H, Exp_HP and control groups, respec‑
tively. The cells were incubated at 37˚C, and the scratches were 
observed using the CKX41 inverted light microscope (magni‑
fication, x40; Olympus Corporation) at 0 and 12 h. ImageJ 
software (version 1.52a; National Institutes of Health) was 
used to measure the gap distance of the wound and compute 
the relative migration rate.

Transwell migration assay. Grouping design and cell culture 
conditions were the same as those for the CCK‑8 assay. Briefly, 
the lower chambers were added with 1 ml of RPMI‑1640 
medium (10% FBS) per well for the control group, 1 ml of 
RPMI‑1640 medium (10% FBS) plus 1x104 H1975 per well for 
the Exp_H group, 1 ml of RPMI‑1640 medium (10% FBS) plus 
1x104 H1975 and 2x106 PLTs per well for the Exp_HP group, 
and the upper chambers were added with 1x104 HUVECs plus 
0.5 ml RPMI‑1640 medium per well for all three groups. The 
upper chambers were taken out following incubation for 24 h at 
37˚C, the culture medium was drained and cells were washed 
with PBS. Cells were subsequently fixed with 4% PFA for 
30 min at room temperature, and then stained in the dark with 
10% crystal violet for 30 min at room temperature. Stained 
cells were counted in five randomly selected fields using a 
fluorescence microscope (DMI6000B; Leica Microsystems, 
Inc.) in the bright field (magnification, x200), and the number 
of migrated cells were counted using ImageJ software.

Tube formation assay. Cell suspension containing 5x105 
HUVECs (2 ml) was added to a 6‑well plate, and the cell 
supernatant was replaced with RPMI‑1640 medium, SN_H, 
and SN_HP following incubation for 24 h at 37˚C to form 
the control, Exp_H and Exp_HP groups. Following incuba‑
tion for an additional 24 h at 37˚C, HUVECs were harvested 
and diluted to 1x105 cells/ml using RPMI‑1640 medium 
supplemented with 10% FBS. A total of 60 µl Matrigel 
(8‑12 mg/ml; cat. no. 356234; Corning, Inc.) per well was 
added into a 96‑well plate at 4˚C and solidified at 37˚C for 
30‑45 min. Subsequently, HUVEC suspensions were plated 
at a concentration of 1x104 cells/well in a 96‑well plate coated 
with Matrigel. Tube formation of HUVECs was observed 
under an inverted light microscope (magnification, x40; 
CKX41; Olympus Corporation) following incubation for 3 and 
9 h at 37˚C.

ELISA detection. Grouping design and cell culture conditions 
were the same as those used for cell cycle analysis. Briefly, 
the culture medium was replaced with RPMI‑1640 medium 
without FBS on the 3rd day. Following incubation for 16 h 
at 37˚C, VEGF expression in the supernatant of the upper 
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chamber was quantitatively measured using the human VEGF 
ELISA kit (cat. no. H044‑1; Nanjing Jiancheng Bioengineering 
Institute).

Western blot analysis. Grouping design and cell culture 
conditions were the same as those used for cell cycle analysis. 
Briefly, the culture medium was replaced with RPMI‑1640 
medium without FBS on the third day. Following incuba‑
tion for 16 h at 37˚C, VEGFR2 expression in the lysate of 
HUVECs was detected via western blotting. HUVECs were 
lysed in RIPA lysis buffer (cat. no. P00138, Beyotime Institute 
of Biotechnology). After quantification by Bradford assay, the 
protein samples were mixed with 5X loading buffer. Equal 
amounts of protein (20‑30 µg/lane) were separated using 
10% SDS‑PAGE and transferred onto nitrocellulose membranes 
(Pall Corporation). The membranes were blocked using 
5% skimmed milk for 1 h at room temperature and incubated 
with primary antibodies against VEGFR2 (cat. no. ab134191; 
1:3,000 dilution; Abcam) and β‑actin (cat. no. TA‑09; 1:1,000 
dilution; OriGene Technologies, Inc.) overnight at 4˚C. After 
incubated with the appropriate horseradish peroxidase‑labeled 
IgG (cat. no. A0208, targeting anti‑VEGFR2; 1:10,000 dilution; 
Beyotime Institute of Biotechnology; cat. no. ZB‑2205, targeting 

anti‑β‑actin; 1:10,000 dilution; OriGene Technologies, Inc.) 
at room temperature for 1 h, the proteins were detected with 
enhanced chemiluminescence reagent (lot, 21064112; Biosharp 
Life Sciences). TBS with Tween‑20 (0.05%) was used for 
membrane washing. The Electrophoresis Gel Imaging Analysis 
System and integrated analysis software (version 1.00.0018, 
GV 6000plus; Guangzhou Biolight Biotechnology, Ltd.) was 
used to detect the immunoreactive protein.

Statistical analysis. Statistical analysis was performed 
using SPSS 23.0 software (IBM Corp.). All experiments 
were performed in triplicate and data are presented as the 
mean ± SD. Unpaired Student's t‑test was used to compare 
the expression rate of P‑selectin between the group of 
P‑selectin‑PE and the control group, while one‑way ANOVA 
followed by Newman‑Keuls post hoc test were used to compare 
differences between three groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

PLTs were activated by H1975 cells. PLT activation is a key 
step in the crosstalk between tumor cells and PLTs (24). In the 
present study, P‑selectin expression was detected on the PLT 
surface via flow cytometry. Fig. 1 depicts the different levels of 
the PLT activation marker, P‑selectin, among the three groups. 
P‑selectin expression was higher in PLTs incubated with SN_H 
(P‑selectin‑PE: 25.9±1.4%) compared with the control group 
(1.8±0.3%, P<0.001), suggesting that PLTs can be activated by 
H1975 cells.

HUVEC activity improves following co‑culture with PLTs and 
H1975 cells. The CCK‑8 assay was performed to determine 
whether co‑culture with PLTs enhances H1975 cell improve‑
ment in HUVEC activity. The activity of HUVECs in the 
Exp_H group exhibited a slight increase compared with the 
control group, while HUVECs in the Exp_HP group exhibited 
a significant increase compared with the Exp_H (P<0.01) and 
control group (P<0.001), respectively (Fig. 2). Further analysis 
results showed that the activity of HUVECs in the Exp_HP 
group was higher than that of the Exp_H at all four timepoints 
(P<0.001). Similarly, the activity of Exp_HP group was 
stronger than that of the control at all timepoints (P<0.001); 
however, the activity of the Exp_H group was higher than 
that of the control only at day 2 and day 3 (P<0.05). Notably, 

Figure 1. Measurement of P‑selectin positivity on platelets activated by H1975 supernatant via flow cytometric analysis. Although three groups are included 
in the figure, one of them is an isotype control, which was used to eliminate background staining caused by non‑specific binding of the antibody to the cell 
surface. Therefore, the isotype control group was not included in the analysis. ***P<0.001. PE, phycoerythrin.

Figure 2. HUVEC activity measured via the Cell Counting Kit‑8 assay at 
450 nm. Control: Single cultured HUVECs, Exp_H: HUVECs co‑cultured 
with H1975 cells supernatant and Exp_HP: HUVECs co‑cultured with 
supernatant derived from H1975 cells co‑cultured with platelets. *P<0.05, 
***P<0.001 vs. control; ##P<0.01, ###P<0.001 vs. Exp_H. HUVEC, human 
umbilical vein endothelial cell; OD, optical density.
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HUVEC activity in the Exp_HP group reached a peak after 3 
days of incubation and subsequently decreased. These results 
suggested that the activity of HUVECs could be improved by 
PLT‑H1975 crosstalk.

Co‑culture with PLTs and H1975 cells increases the propor‑
tion of S‑phase HUVECs. S‑phase is an important phase of cell 
proliferation that reflects the active state of cell proliferation (25). 
Thus, it was hypothesized that the proportion of S‑phase 
HUVECs would increase following incubation with SN_H 
or SN_HP. The results demonstrated that the proportion of 
HUVECs in the S‑phase in the Exp_H group (31.51±4.07%) was 
higher compared with the control group (21.75±2.34%, P=0.048), 
and the proportion of HUVECs in the S‑phase was highest in 
the Exp_HP group (45.73±4.95%; P<0.01 vs. control; P<0.05 vs. 
Exp_H; Fig. 3). These results suggested that the proliferation of 
HUVECs could be increased by PLT‑H1975 crosstalk.

HUVEC morphology changes following co‑culture with 
PLTs and H1975 cells. It is well‑known that tumors have 
dense blood vessels but incomplete structures (26). Thus, it 
was hypothesized that the internal structure of HUVECs that 
proliferate rapidly under SN_HP stimulation may be abnormal. 
The morphological changes were observed following incuba‑
tion for 3 days as the results of CCK‑8 assay indicated that 
HUVECs were at the vigorous growth stage after 3 days 
of incubation. Fig. 4 depicts the morphological changes of 
HUVECs observed via transmission electron microscopy. The 
results demonstrated that more vacuolation of mitochondria 
was observed in the Exp_H group compared with the control 
group. In addition, more types of abnormal changes were 
observed in the Exp_HP group, such as mitochondrial vacuola‑
tion, fluffy structure, enlarged nucleus and nuclear membrane 
deformity. These results suggested that the ultrastructure of 
HUVECs could be damaged by PLT‑H1975 crosstalk.

HUVEC resistance decreases following co‑culture with PLTs 
and H1975 cells. Abnormal structure may decrease the tight‑
ness of intercellular connections, and transepithelial electrical 
resistance can reflect the connections between ECs (27). It 
was hypothesized that the transepithelial electrical resistance 
of HUVECs would decrease in the Exp_HP group. Fig. 5 
depicts HUVEC resistance on 4 different incubation days. The 

results demonstrated that resistance continuously increased 
in the control group, with significant differences between the 
time points. While the trends of resistance in the Exp_H and 
Exp_HP groups were different compared with the control 
group (P<0.01). Notably, resistance in the Exp_HP and Exp_H 
groups reached a peak after 2 days of incubation and subse‑
quently decreased at a rapid rate. The difference between the 
Exp_H and Exp_HP groups was also significant (P<0.05). 
These results suggested that the tightness of HUVECs junc‑
tion could be decreased by PLT‑H1975 crosstalk.

SN_HP increases the wound healing capacity of HUVECs. The 
wound healing and Transwell assays were performed to assess cell 
migration. The results demonstrated that the relative migration 
rate of HUVECs was significantly higher in the Exp_HP group, 
followed by the Exp_H group and the control group (Fig. 6) with 
significant differences among three groups: P<0.05 for Exp_HP 
vs. Exp_H and Exp_H vs. control, P<0.01 for Exp_HP vs. control. 
These results suggested that the wound healing capacity of 
HUVECs could be promoted by PLT‑H1975 crosstalk.

Co‑culture with PLTs and H1975 cells improves the migration 
of HUVECs. The microscopic results of the Transwell migra‑
tion assay are presented in Fig. 7. Following co‑culture with 
tumor cells and PLTs for 24 h, the migratory ability of HUVECs 
was significantly higher in the Exp_HP group compared with 
the control (P<0.01) and Exp_H groups (P<0.05), and the 
migratory ability of HUVECs was significantly higher in 
the Exp_H group compared with the control group (P<0.05). 
These results were consistent with those of the wound healing 
assay. These results suggested that the migration capacity of 
HUVECs could be improved by PLT‑H1975 crosstalk.

SN_HP promotes the tube‑forming ability of HUVECs. Based 
on the aforementioned results, it was revealed that H1975‑PLT 
crosstalk can promote the proliferation and migration of 
HUVECs. Thus, it was hypothesized that crosstalk may improve 
the tube formation ability of HUVECs. Fig. 8 demonstrates the 
tube formation ability indicated by the junction number, mesh 
number and total length of HUVECs among the three groups. 
The tube‑forming ability increased in each group with time. 
Furthermore, the function of HUVECs in the Exp_HP group 
was significantly better compared with the control group 

Figure 3. Flow cytometric analysis of HUVEC cycles among the three groups. Control: Single cultured HUVECs, Exp_H: HUVECs co‑cultured with H1975 
cells supernatant and Exp_HP: HUVECs co‑cultured with supernatant derived from H1975 cells co‑cultured with platelets. **P<0.01; #P<0.05; HUVEC, human 
umbilical vein endothelial cell; ns, not significant.
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following 3 and 9 h of incubation (P<0.05), especially for junc‑
tion number 3 h after incubation (P<0.01) and mesh number 9 h 
after incubation (P<0.001). Similarly, the tube‑forming ability in 
the Exp_HP group was significantly higher compared with the 
Exp_H group following 3 and 9 h of incubation (P<0.05), espe‑
cially for mesh number 9 h after incubation (P<0.01). However, 
no significant differences were observed between the Exp_H 
and control groups except for mesh number 9 h after incubation 
(P<0.05). These results suggested that the tube‑forming ability 
of HUVECs could be increased by PLT‑H1975 crosstalk.

Co‑culture with PLTs and H1975 cells increases VEGF and 
VEGFR2 expression levels in HUVECs. VEGF is highly 
specific and the combination of VEGF and VEGFR2 is the 
key mechanism that induces tumor angiogenesis (28). It was 
hypothesized that H1975‑PLT crosstalk may enhance VEGF 

and VEGFR2 expression levels in HUVECs. Fig. 9 depicts 
VEGF content measured by ELISA and VEGFR2 expression 
detected via western blotting. High VEGF expression was 
observed in the Exp_HP group (29.32±3.25 ng/l), which was 
significantly higher compared with the Exp_H (19.93±1.71 ng/l; 
P<0.01) and control (15.86±0.73 ng/l; P<0.001) groups. In 
addition, VEGF expression was significantly higher in the 
Exp_H group compared with the control group (P<0.05). 
Similarly, the highest expression of VEGFR2 was observed 
in the Exp_HP group, followed by the Exp_H group and the 
control group, with significant differences among three groups: 
P<0.05 for Exp_HP vs. Exp_H, P<0.01 for Exp_H vs. control, 
and P<0.001 for Exp_HP vs. control. These results suggested 
that the expression levels of VEGF and VEGFR2 in HUVECs 
could be improved by PLT‑H1975 crosstalk.

Discussion

Angiogenesis is the central marker of tumors and is key for 
the progression and metastasis of solid tumors (6). HUVECs 
are a classic model system to study angiogenesis (29). Previous 
studies have demonstrated that tumor cells can improve the 
proliferation and migration of VECs, and promote angiogen‑
esis to a certain extent (30‑32); activated PLTs are also involved 
in this process (16,17,33). However, the effect of co‑culture 
of tumor cells and PLTs on the proliferation, migration and 
angiogenesis of HUVECs remains unknown. To the best of 
our knowledge, the present study was the first to investigate 
H1975‑PLT crosstalk on the properties of HUVECs based on 
CCS. The results demonstrated that the activity of HUVECs 
significantly enhanced following co‑culture with tumor cells 
and PLTs, which can help illustrate the mechanism of tubular 
formation of VECs around cancer cells.

Angiogenesis is induced when the tumor grows to 2 mm 
in diameter; otherwise tumor cells die due to a lack of nutri‑
tion (34). VECs serve a key role in tumor angiogenesis (32). To 
determine the effect of tumor‑PLT crosstalk on the ability of 
VECs, the present study assessed the proliferation, migration 

Figure 4. Transmission electron microscopy morphological changes of HUVECs among the three groups. (A) Magnification, x8,000. (B) Magnification, x20,000. 
Control: Single cultured HUVECs, Exp_H: HUVECs co‑cultured with H1975 cells supernatant and Exp_HP: HUVECs co‑cultured with supernatant derived 
from H1975 cells co‑cultured with platelets. Red box: Area to be magnified. Green arrow depicts vacuolation of mitochondria, blue arrow depicts rough 
endoplasmic reticulum dilatation and red arrow depicts nuclear membrane rupture. HUVEC, human umbilical vein endothelial cell.

Figure 5. Transepithelial electrical resistance of HUVECs at 4 different 
incubation days among the three groups. Control: Single cultured HUVECs, 
Exp_H: HUVECs co‑cultured with H1975 cells supernatant and Exp_HP: 
HUVECs co‑cultured with supernatant derived from H1975 cells co‑cul‑
tured with platelets. **P<0.01; #P<0.05. HUVEC, human umbilical vein 
endothelial cell.
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and tube formation abilities of HUVECs and their molecular 
basis.

Proliferation reflects the basic functional state of HUVECs. 
The present study investigated the effect of tumor‑PLT crosstalk 
on the proliferation of HUVECs by analyzing cell activity, the 
proportion of S‑phase cells, ultrastructure and cell resistance. 
The results demonstrated that H1975‑PLT crosstalk signifi‑
cantly promoted HUVEC proliferation, with a higher OD value 
detected via CCK‑8 and a higher proportion of S‑phase cells in 
the cell cycle. However, more HUVEC ultrastructure anomalies 
and a lower degree of tight connections were observed between 
HUVECs following co‑culture with H1975 cells and PLTs. 
These results are consistent with the features of blood vessels 

in the tumor microenvironment, which are dense, disordered 
and incomplete (35‑38). It is assumed that if the proliferation of 
VECs is blocked or weakened, this reduces tumor angiogenesis, 
which helps control tumor growth and metastasis (9). Activated 
PLTs can directly stimulate the proliferation of tumor cells and 
enhance the proliferation of VECs (13,39). Thus, inhibition of 
PLT activation, particularly tumor cell‑induced PLT activation, 
may be a potential target to prevent tumor‑PLT crosstalk and 
inhibit the proliferation of HUVECs.

Migration of VECs serves an important role in angiogen‑
esis (40). The present study performed wound healing and 
Transwell assays to determine the effect of H1975‑PLT crosstalk 
on the migratory ability of HUVECs. The results demonstrated 

Figure 6. Effect of co‑cultured supernatant on the wound healing ability of HUVECs among the three groups. Left: Representative photomicrographs of 
the wound healing assay at 0 and 12 h. Right: Bar chart of the relative migration rate of HUVECs. Control: Single cultured HUVECs, Exp_H: HUVECs 
co‑cultured with H1975 cells supernatant and Exp_HP: HUVECs co‑cultured with supernatant derived from H1975 cells co‑cultured with platelets. *P<0.05; 
**P<0.01; #P<0.05. HUVEC, human umbilical vein endothelial cell.

Figure 7. Effect of co‑cultured supernatant on the migratory ability of HUVECs among the three groups. (A) Control: Single cultured HUVECs, (B) Exp_H: 
HUVECs co‑cultured with H1975 cells supernatant and (C) Exp_HP: HUVECs co‑cultured with supernatant derived from H1975 cells co‑cultured with 
platelets. (D) Histogram of numbers of migrated HUVECs among three groups. *P<0.05; **P<0.01; #P<0.05. HUVEC, human umbilical vein endothelial cell.
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that the migratory ability of HUVECs was significantly stronger 
in the Exp_HP group compared with the control group, suggesting 
that more HUVEC stimulation may be produced in the Exp_HP 
group compared with the Exp_H and control groups. The 
results of the present study were consistent with previous find‑
ings (12,30). The results of the Transwell assay demonstrated that 
inhibition of PLT activation may be a potential target to inhibit 
the migration of HUVECs induced by H1975‑PLT crosstalk.

According to the aforementioned research results, 
tumor‑PLT crosstalk could promote HUVECs proliferation 
and migration. It was speculated that tumor‑PLT crosstalk can 
enhance the tube formation ability of HUVECs. Tube‑forming 
experiments are a rapid and quantifiable method to measure 
angiogenesis in vitro (41). The present study investigated the 
effect of H1975‑PLT crosstalk on HUVEC angiogenesis using 
junction number, mesh number and total length as indicators of 

Figure 8. Effect of co‑cultured supernatant on tube formation of HUVECs among the three groups. Left: Representative photomicrographs of the tube forma‑
tion assays at 3 and 9 h. Right: Bar charts of the junction number, mesh number and total length of HUVECs. Control: Single cultured HUVECs, Exp_H: 
HUVECs co‑cultured with H1975 cells supernatant and Exp_HP: HUVECs co‑cultured with supernatant derived from H1975 cells co‑cultured with platelets. 
*P<0.05; **P<0.01; ***P<0.001; #P<0.05; ##P<0.01. HUVEC, human umbilical vein endothelial cell; ns, no significance.

Figure 9. VEGF content in HUVECs among the three groups. Left: VEGF content was measured via ELISA. Middle: VEGFR2 expression was detected via 
western blotting. Right: Relative gray value of VEGFR2 expression compared with control. Control: Single cultured HUVECs, Exp_H: HUVECs co‑cultured 
with H1975 cells supernatant and Exp_HP: HUVECs co‑cultured with supernatant derived from H1975 cells co‑cultured with platelets. *P<0.05; **P<0.01; 
***P<0.001; #P<0.05; ##P<0.01. VEGF, vascular endothelial growth factor; HUVEC, human umbilical vein endothelial cell; VEGFR2, VEGF receptor 2. 
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tube‑forming ability, and the results of the present study confirmed 
that the tube‑forming ability of HUVECs could be promoted by 
H1975‑PLT crosstalk. These results are consistent with previous 
findings, suggesting that PLTs can promote tube formation by 
adhering to ECs or releasing PLT microparticles (16,42). Thus, 
PLTs activated by tumors may upregulate the expression levels 
of P‑selectin and GⅡbⅢa and release more PLT microparticles 
to promote tube formation (20,43). Taken together, these results 
suggest that controlling H1975‑PLT crosstalk can inhibit angio‑
genesis and be used as a therapeutic target for tumor metastasis.

Several factors affect the proliferation, migration and 
tube‑forming abilities of HUVECs with complex mecha‑
nisms, and the combination of VEGF and VEGFR2 is a key 
mechanism that induces tumor angiogenesis (28). The present 
study measured VEGF content in the HUVEC supernatant 
and detected VEGFR2 expression in the lysate of HUVECs. 
The results demonstrated that both VEGF and VEGFR2 
expression levels were highest in the Exp_HP group, which 
suggests that H1975‑PLT crosstalk may not only stimulate the 
expression levels of VEGF and VEGFR2 in HUVECs (33) but 
also promote their combination. Thus, H1975‑PLT crosstalk 
may enhance the proliferation, migration and tube formation 
of HUVECs. Notably, the increased levels of VEGF may 
mediate the tumor promotion of PLTs. This result is similar 
to a previous study that reported that PLTs from patients with 
glioblastoma can promote angiogenesis of tumor ECs and 
exhibit increased VEGF content and release (17).

The interaction between H1975 cells and PLTs plays an 
important role in tumor angiogenesis by affecting the charac‑
teristics of ECs, which suggests that inhibition of H1975‑PLT 
crosstalk may be a potential target for the treatment of 
non‑smoking patients with lung adenocarcinoma. However, 
further studies are required to effectively interfere with 
tumor‑PLT crosstalk without affecting normal coagulation 
function. Thus, prospective studies will investigate the effect 
of crosstalk between A549 cells and PLTs on the properties of 
HUVECs, such as proliferation, migration and tube formation, 
and evaluate antitumor Chinese medicine, which can interfere 
with the interaction between tumor cells and PLTs (44,45).

In conclusion, the results of the present study demonstrated 
that the proliferation, migration and tube‑forming abilities of 
HUVECs co‑cultured with H1975 and PLTs were significantly 
higher compared with HUVECs cultured alone and better 
than HUVECs co‑cultured with only H1975. Taken together, 
these results suggest that tumor cells interacting with PLTs 
may play an important role in tumor angiogenesis by affecting 
or mediating changes in the properties of ECs.
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