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Abstract. Currently, the role of tumor endothelial marker 
8 (TEM8) in the occurrence, development, invasion and 
metastasis of lung cancer and its mechanism are poorly 
understood. The present study aimed to investigate the effects 
of TEM8 on proliferation, apoptosis, migration and invasion 
of XWLC‑05 lung cancer cells. The expression of TEM8 
in human lung cancer and adjacent tissues was detected by 
reverse transcription‑quantitative polymerase chain reaction 
and western blotting. An interference vector coding a short 
hairpin RNA (shRNA) targeting TEM8 was designed and 
transfected into XWLC‑05 lung cancer cells. MTT assay 
was used to detect cell proliferation. Flow cytometry was 
employed to detect cell cycle and apoptosis. Cell scratch assay 
was used for cell migration detection. Cell invasion ability was 
detected by the Transwell method. The expression of TEM8 in 
lung cancer tissues was significantly increased compared with 
adjacent tissues (P<0.05). Following the silencing of TEM8 
by shRNA interference, cell proliferation was inhibited and 
the apoptosis rate increased. The cell cycle was arrested at G1 
phase, while the migration and invasion ability of cancer cells 
was decreased. Silencing TEM8 may inhibit proliferation of 
XWLC‑05 lung cancer cells, promote cell apoptosis, arrest the 
cell cycle at G1 phase and decrease the migration and invasive 
ability. Thus, TEM8 may be a potential target in therapy for 
lung cancer.

Introduction

Lung cancer is one of the most prevalent malignant tumors, 
endangering health and life worldwide. Although the level 

of medical care has been greatly improved, survival rates 
remain unsatisfactory (1,2). Hematogenous metastasis is an 
important pathway of invasion and metastasis for malignan-
cies. At present, anti‑angiogenesis therapy is a common 
strategy for anti‑tumor therapy. However, the efficacy of 
anti‑angiogenic drugs is below expectations, and the overall 
survival rate is not significantly improved  (3‑5). As an 
example of a discouraging clinical evidence is the aggressive 
recurrence of tumors after withdrawal of anti‑angiogenic 
treatment (6). Pa'ez‑Ribes et al (7) has reported that although 
the anti‑VEGFR2 antibody DC101 arrested tumor growth, 
at the same time it increases the rate of tumor invasion and 
metastasis. There are several reports focusing on the adverse 
effects of such treatments, such as bleeding, thrombotic events, 
and others (7‑10). The majority of the well‑known vascular 
endothelial markers are expressed in tumor and normal tissues 
with low specificity, which lead to a series of side effects, 
susceptibility to drug resistance and the recurrence of tumor 
growth following short‑term administration (11‑13). Therefore, 
finding specific molecular markers is urgently required to 
improve the efficacy of anti‑angiogenic treatment.

The XWLC‑05 lung cancer cell line is a human lung 
adenocarcinoma cell line established by Yan et al (14) and 
consistent with characteristics of lung adenocarcinoma cells, 
which is a good model for the invasion and metastasis of lung 
cancer in vitro. RNA interference may induce highly specific 
post‑transcriptional silencing of genes, and its silencing 
efficiency is determined by the number and specificity of the 
transfection efficiency into target cells.

St Croix et al (15) identified a class of genes specifically 
expressed in tumor‑derived vascular endothelial cells, called 
tumor endothelial markers (TEMs). TEM8 is a member of the 
TEM family with only a trace of expression in non‑vascular 
endothelium and normal vascular endothelium, although it is 
highly expressed in tumor vascular endothelium (16). TEM8 
is expressed on the surface of tumor vascular endothelial 
cells with high conservatism, indicating it may be a potential 
target in the anti‑angiogenic therapy of cancer. Currently, 
the role of TEM8 in the occurrence, development, inva-
sion and metastasis of lung cancer, and its mechanism are 
poorly understood. The present study observed the effect of 
TEM8 on the proliferation, apoptosis, cell cycle, migration 
and invasion of XWLC‑05 lung cancer cells in vitro. The 
association between TEM8 and the biological behavior of 
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lung cancer cells was investigated, laying the foundation 
for further exploration of the mechanism of TEM8 in lung 
cancer angiogenesis.

Materials and methods

Subjects. Human lung cancer tissues and adjacent tissues were 
obtained from 67 patients (57 males and 10 females, male 
to female ratio 5.7) having undergone lung cancer resection 
(37  cases with adenocarcinoma, 28  cases with squamous 
cell carcinoma and 2 cases with large cell carcinoma) in the 
Third Affiliated Hospital of Kunming Medical University 
(Kunming, China) between January 2010 and August 2015. 
All patients were diagnosed with lung cancer by two indepen-
dent pathologists and were not treated with radiotherapy or 
chemotherapy prior to surgery. The mean age at diagnosis was 
62.4 (standard deviation 5.7). Clinical data of all cases were 
obtained from the clinical medical history and pathological 
reports of patients. Written informed consents were obtained 
from the patients or their guardians. The study was approved 
by the Ethical Committee of the Third Affiliated Hospital of 
Kunming Medical University.

Cells. The XWLC‑05 human lung adenocarcinoma cell line 
is archived by the Tumor Research Institute of the Third 
Affiliated Hospital of Kunming Medical University.

Main reagents and instruments. The following reagents and 
chemicals were used for the experiments: TEM8‑short hairpin 
(sh)RNA interference vector and negative control (Shanghai 
GenePharma Co., Ltd., Shanghai, China); fetal bovine serum 
and 1640 medium (Hyclone; GE Healthcare Life Sciences, 
Logan, UT, USA); TEM8 antibody (Abcam, Cambridge, UK); 
Lipofectamine™ 2000 transfection reagent and SYBR Green 
qPCR SuperMix (Thermo Fisher Scientific Inc., Waltham, 
MA, USA); Transwell chamber (Corning Incorporated, 
Corning, NY, USA); vertical electrophoresis and transfer 
electrophoresis (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA); ChemiDocTM XRS gel imaging system instrument 
and TS100 inverted microscope (Nikon Corporation, Tokyo, 
Japan); fluorescence quantitative polymerase chain reaction 
(PCR) instrument (Bio‑Rad Laboratories, Inc.).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from human lung 
cancer and adjacent tissues using TRIzol (Invitrogen; Thermo 
Scientific, Inc.) according to the manufacturer's protocol. 
RNA purity and quantification were detected by the UV/VIS 
spectrophotometer (Alpha 1500, Shanghai Puyuan, Shanghai, 
China). RT was used to synthesize a cDNA (Thermo Scientific, 
Inc.) for qPCR analysis (Thermo Scientific, Waltham, MA, 
USA) according to the manufacturer's protocols. The relative 
expression of TEM8 in each group was detected by RT‑qPCR 
and calculated with GAPDH as internal reference (17). PCR 
cycling conditions was that initial denaturation at 95˚C for 
5 min; followed by 40 cycles of: denaturation at 95˚C for 10 sec, 
annealing at 60˚C for 30 sec and extension at 72˚C for 30 sec. 
The primes were as follows: GAPDH forward, 5'‑TCT​CTG​
CTC​CTC​CTG​TTC​GA‑3' and reverse, 5'‑GCG​CCC​AAT​ACG​
ACC​AAA​TC‑3'; TEM8 forward, 5'‑GCT​GCA​CCA​CTG​GAA​

TGA​AAT​CT‑3' and reverse, 5'‑AGG​CCT​TGA​CGG​ATT​TGT​
TCT​CT‑3'. The experiment was repeated three times.

Western blot analysis. Lysis buffer (cat. no. C1053+, Beijing 
PuliLai Gene Technology Co., Ltd, Beijing, China) were added 
to lung cancer and adjacent tissues. Following 30 min of lysis, 
the cells were centrifuged at 1,1180 x g for 20 min at 4˚C. The 
supernatant was collected and the total protein was extracted. 
The concentration of the protein was determined by a bicin-
choninic acid assay kit (Beyotime Institute of Biotechnology, 
Haimen, China), and electrotransferred to a polyvinylidene 
difluoride membrane following 10% polyacrylamide gel 
electrophoresis. About 20 µl of protein was loaded per lane. 
Following blocking for 2 h at room temperature with 5% 
skimmed milk powder, the primary (1:1,000, cat. no. ab21270, 
Abcam) and horseradish peroxidase labeled goat anti‑rabbit 
IgG H+L secondary antibodies (1:5,000, cat. no. 7074s, Cell 
Signaling Technology, Inc.) were added, and incubated at 
room temperature for 2 h. The chemiluminescence method 
(cat. no. 34077, Thermo Fisher Scientific, Inc.) was used to 
develop. The optical density of the immunoblotting zone was 
measured by laser light density scanner. Quantity‑One soft-
ware version 4.62 (Bio‑Rad Laboratories, Inc.) was used to 
analyze the gray value of each antibody band.

Immunohistochemistry. The 4 µm thick sections of lung cancer 
and adjacent tissues were fixed by the 4% paraformaldehyde 
for 6 h at room temperature, dewaxed and dehydrated, washed 
with water, antigen retrieval was performed in 0.01 mol/l 
citrate buffer (pH 6.0) in a microwave oven for 20 min at 
98‑100˚C, and blocked using 3% hydrogen peroxide methanol 
for 10 min at room temperature. Finally, they were washed 
with PBS, incubated with primary antibody with 1:200 dilu-
tion (cat. no. ab21270, Abcam) overnight at 4˚C, washed with 
PBS, which incubated with second antibody with 1:400 dilu-
tion (horseradish peroxidase labeled goat anti‑rabbit IgG H+L, 
cat. no. SV2000, Wuhan Boshide health care Biologicals, Co., 
Ltd., Wuhan, China), washed with PBS, stained with diami-
nobenzidine for 1 h at 37˚C, counterstained with hematoxylin 
for 1 h at 37˚C, dehydrated, cleared and mounted in gum for 
microscopic examination. Tan or brown coloration indicated 
that TEM8 was positively expressed.

Cell transfections. When XWLC‑05 cells were confluent 
to 50‑70%, they were transfected with empty vector and 
TEM8‑shRNA (shRNA sequence sense 5'‑GGC​TAA​TAG​
GTC​TCG​AGA​TTT‑3' and antisense 5'‑ATC​TCG​AGA​CCT​
ATT​AGC​CTT‑3') respectively with a LipofectamineTM 2000 
liposome transfection kit (cat. no. 11668027; Thermo Fisher 
Scientific, Inc.). After 6 h, 1640 medium containing 10% serum 
was added, and the cells incubated for 48 h in a 5% CO2 incu-
bator. Western blotting and RT‑qPCR were used to detect the 
expression of TEM8 protein and mRNA, as described above.

MTT assay for cell proliferation detection. When cells reached 
70% confluency, in 96‑well plates were seeded in a 96‑well 
plate 24 h following transfection. Fresh medium supplemented 
with 10% FBS was added into the plates and to the cells were 
added 20 µl of 5 mg/ml MTT at 24, 48, 72 and 96 h later, 
respectively, then the cells were further incubated for 4 h. The 
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supernatant was discarded, 150 µl of DMSO was added per 
well, and the crystals were dissolved by agitating for 5 min. 
OD value was measured at 570 nm by a microplate reader.

Annexin V‑PI flow cytometry for cell apoptosis detection. 
Following cell suspension, 2x105 cells were inoculated into 
6‑well plates. When cell confluency reached 50‑70%, the cells 
were transfected, as described above. After 48 h, cells were 
collected and stained (Annexin V‑FITC/PI, suolaibao, Beijing, 
China) in the dark for 30 min. Cell apoptosis was detected by 
flow cytometry according to Annexin V‑FITC/PI kit protocols 
and analyzed by CellQuest Pro software (BD Biosciences, San 
Jose, CA, US).

Flow cytometry for cell cycle detection. About 2x105 cells were 
inoculated in 6‑well plates and transfected for 48 h. According to 
the protocols of the cell cycle detection kit (CA1510, suolaibao, 
Beijing, China), cells were digested by trypsin without EDTA, 
centrifuged (1,000  x  g, 5  min, at room temperature) and 
suspended. Then 5 µl of 10 mg/ml RNase were added to the 
cells and they were placed in a water bath at 37˚C for 1 h, prop-
idium iodide added, stained for 30 min at room temperature and 
detected by flow cytometry (FACS Calibur, BD, CA, US) for 
cell cycle analysis by CellQuest Pro software (BD Biosciences).

Cell scratch assay for cell migration detection. When the cells 
reached 90% of confluency following 24 h of transfection, a 
200 µl pipette was used to scratch the monolayer cells across 
the diameter of the wells, the medium and non‑adherent cells 
were aspirated and the plate washed twice with serum‑free 
medium. Then serum‑free medium was added. Cells were 
placed at 37˚C in 5% CO2 incubator, and images obtained after 
12 and 24 h using an inverted microscope.

Transwell assay for cell invasion detection. Matrigel was 
plated onto the microwell in a Transwell chamber. Then the 
2x105 cells were seeded in the 6‑well plate and transfected 
when cell fusion reached to 50‑70%. Following 48 h of trans-
fection, the cells were digested and added to Transwell upper 
chamber and 1640 medium added to the lower chamber. After 
48 h, the chamber was removed, fixed with 4% paraformalde-
hyde for 30 min at room temperature and stained with 0.1% 
crystal violet for 10 min at room temperature. Finally, the 
numbers of cells in 5 visual fields were counted by an inverted 
microscope and their mean was taken, which was deemed the 
invasion number (magnification x200).

Statistical analysis. The experiments were repeated 3 times. 
Mean and standard deviation were used to summarize 
continuous variables. Student's t‑test and one‑way analysis 
of variance were used to determine the differences among 
groups. Kaplan‑Meier method was used to estimate survival 
rates. P<0.05 was considered to indicate a statistically signifi-
cant difference. All analyses were performed using SPSS 
software, version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

Level of TEM8 mRNA and protein for lung cancer and adjacent 
tissues. The level of TEM8 mRNA expression in lung cancer 

tissues was significantly higher compared with adjacent tissues 
as analyzed by RT‑qPCR (P<0.05; Fig. 1). The expression level 
of TEM8 protein in lung cancer tissues was significantly higher 
than that in adjacent tissues as analyzed by western blotting 
(P<0.05; Fig. 2). In Fig. 3, the brown color represented TEM8 
protein expression, which seems to be higher in lung cancer 
tissues compared with adjacent tissues, although this lacks 
quantification.

Level of TEM8 mRNA and protein for XWLC‑05 transfection 
of lung cancer cells. Compared with the control group, 
the expression level of TEM8 was significantly reduced in 
XWLC‑05 cells transfected with TEM8‑shRNA as measured 
by RT‑qPCR (P<0.05; Fig. 4). Compared with the control group, 
the expression level of TEM8 protein, as presented in Fig. 5, 
was significantly decreased in the transfected TEM8‑shRNA 
group (P<0.05).

Figure 1. Expression of TEM8 mRNA in adjacent and lung cancer tissues. 
**P<0.05 vs. adjacent group. TEM8, tumor endothelial marker 8. The experi-
ment was repeated three times.

Figure 2. Expression of TEM8 protein in adjacent and lung cancer tissues. 
**P<0.05 vs. adjacent group. TEM8, tumor endothelial marker 8. GAPDH was 
used as loading control. The experiment was repeated three times.
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Effect of silencing TEM8 on the proliferation and apoptosis of 
XWLC‑05 lung cancer cells. MTT results suggested that the 
proliferation of TEM8‑shRNA group was significantly lowered 
compared with the control group at 48, 72 and 96 h, respectively 
(P<0.05; Fig. 6). Annexin V‑FITC/PI staining revealed that the 
apoptotic rate of TEM8‑shRNA group cells was significantly 
higher compared with the control group (P<0.05; Fig. 7).

Effect of silencing TEM8 on the migration and invasion of 
XWLC‑05 lung cancer cells. As demonstrated in Fig. 8, the 
result of cell scoring in  vitro revealed that following the 
silencing of TEM8, the migration ability of XWLC‑05 cells 
was significantly decreased compared with the control group. 
Transwell invasion assay indicated that the invasion number of 
cells per field in TEM8‑shRNA group (40.25±3.02) was signif-
icantly lower compared with the control group (129.39±9.69; 
P<0.05; Fig. 9).

Effect of silencing TEM8 on the cell cycle of lung cancer 
cell XWLC‑05. Fig. 10 and Table  I demonstrate that more 
cells were detected in G1 phase and fewer in S phase in the 
TME‑8‑shRNA group compared to the control group or empty 
group (P<0.05) while no significant differences were observed 
in G2 phase among the three groups, suggesting that silencing 
TEM8 blocked the cell cycle of XWLC‑05 cells at G1 phase.

Discussion

The incidence of lung cancer is increasing with the aging of 
populations, pollution of the environment and abuse of tobacco 
products, and has become a malignancy with the highest 
mortality (18,19). In the past few decades, although there have 
been a number of new treatments including new chemotherapy 
drugs, tyrosine kinase inhibitor medications, immunotherapy 
and anti‑angiogenic therapy, the survival rate of lung cancer 
has not improved significantly (20,21). In order to make a 
breakthrough in therapy and overall survival, it is necessary 
to possess an in depth understanding of the occurrence and 
development of lung cancer.

Angiogenesis is necessary in physiological processes 
including embryonic development, wound healing and 
tissue regeneration. However, angiogenesis also implicated 
in the pathological process of malignant transformation. 
Anti‑tumor angiogenesis has become an important area in 
cancer research. Tumor angiogenesis serves an important role 
in processes of tumorigenesis, tumor progression, invasion 
and metastasis. Circulation within tumor tissues provides 

Figure 3. Immunohistochemistry of tumor endothelial marker 8 protein expression of in (A) adjacent and (B) lung cancer tissues. Magnification, x200.

Figure 4. Expression of TEM8 mRNA in the control group, empty vector 
group and TEM8‑shRNA group. **P<0.05 vs. control. TEM8, tumor endo-
thelial marker 8; shRNA, short hairpin RNA. The experiment was repeated 
three times.

Figure 5. Expression of TEM8 protein in the control group, empty vector 
group and TEM8‑shRNA group. **P<0.05 vs. control. TEM8, tumor endo-
thelial marker 8; shRNA, short hairpin RNA. The experiment was repeated 
three times.
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nutrition for tumor cells while excreting metabolic products. 
Furthermore, the tumor vascular wall is often incomplete, 
which benefits tumor cells by enabling them to penetrate 
through the wall into vessels, causing hematogenous metas-
tasis. Considering the important role of angiogenesis in tumor 
growth, disrupting tumor angiogenesis may starve the 
tumor of nutrition and halt development (22). The pathway 
of angiogenesis can be blocked through the regulation of 
angiogenesis and promoting factors. The inhibition of tumor 
angiogenesis can control tumor growth, in theory, with tumor 
endothelial molecular markers or high growth state as the 
target.

Inhibition of tumor angiogenesis has become one of the 
main strategies for cancer treatment, with vascular endo-
thelial growth factor (VEGF) as a pro‑angiogenic factor 
of high specificity (23). Compared with the normal tissue, 
VEGF and its receptor expression level are significantly 
increased in tumor tissue  (24). Various drugs targeted at 
VEGF and its receptor have been widely applied, including 
Avastin (25), sorafenib (26), sunitinib (27), Endostar (28) and 
Apatinib (29). Studies have demonstrated that these drugs 
can extend the survival time of advance colorectal, gastric, 
and lung cancers when combined with radiotherapy and/or 
chemotherapy.

However, the overall efficacy of anti‑tumor angiogenesis 
treatments has not reached the original high expectations. They 
only minimally improve symptoms and extend the remission, 
without significant improvement on overall survival rates. 
The majority of endothelial markers are expressed in tumors 
and normal tissues, making it difficult to specifically target 
tumor endothelium, and likely to cause adverse reactions and 
widespread drug resistance. There tends to be ‘resilient growth’ 
following discontinuation of short‑term anti‑angiogenic treat-
ments, which increases the risk of tumor recurrence and 
metastasis. Therefore, finding more specific markers of tumor 
blood vessels serves an important role in understanding the 
mechanism of anti‑tumor vascular therapy and clinical applica-
tion.

The extracellular domain of TEM8 has a von Willebrand 
factor (vWF) domain, which is high homology with integrin 
9α2 (29). As with integrin, vWF has a metal ion dependent 
adhesion sequence (30). A decline in the expression of integrin 
increases the invasion ability of tumor cells (31). Studies on 
colorectal cancer by Rmali et al (32) and St Croix et al (15) 
identified that TEM8 was expressed highly in cancerous tissue 
but very low in adjacent and normal tissue, indicating that 
TEM8 may serve a role in promoting cancer.

The present study used RT‑qPCR, western blot analysis and 
immunohistochemistry to detect the levels of TEM8 mRNA 
and protein in lung cancer tissue and adjacent tissue, identifying 
that TEM8 expresses highly in lung cancer tissue and had trace 
expression in adjacent tissues. A TEM8 interference vector 
was transfected into XWLC‑05 lung cancer cells. Compared 
with the control group, cells transfected with TEM8‑shRNA 
expressed less TEM8, as measured by RT‑qPCR and western 
blot analysis, demonstrating that the shRNA silenced TEM8. 
The influence that TEM8 knockdown had on XWLC‑05 activity 
and apoptosis demonstrated that silenced TEM8 could reduce 
XWLC‑05 lung cancer cell viability and increase its rate of 
apoptosis. The results of the cell cycle experiment demonstrated 
that TEM8 knockdown blocked cell cycle progression at the 
G1 phase, and results of the Transwell assay demonstrated that 
TEM8 silencing decreased the invasion ability of XWLC‑05, 
indicating that silenced TEM8 can reduce the cell viability of 
XWLC‑05, induce apoptosis, block the cell cycle at G1 phase 
and inhibit the invasive ability.

In summary, TEM8 expression is increased in lung cancer 
tissues compared with normal tissue. The activity of XWLC‑05 
cells was decreased and the cell cycle was blocked at G1 phase 
following silencing of TEM8, inhibiting the cell invasion 
ability. TEM8 may become a target for antitumor therapy and 
potentially is involved in tumor angiogenesis.

Figure 6. Effect of silencing TEM8 on the viability of lung cancer cell 
XWLC‑05. **P<0.05 vs. control. TEM8, tumor endothelial marker 8; shRNA, 
short hairpin RNA. The experiment was repeated three times.

Figure 7. The cell apoptosis rate of control group, empty vector group and 
TEM8‑shRNA group. **P<0.05 vs. control group. TEM8, tumor endothelial 
marker 8; shRNA, short hairpin RNA. The experiment was repeated three 
times.

Table I. Effect of silenced TEM8 on the cell cycle of XWLC‑05 
lung cancer cells.

Group	 G1 phase	 S phase	 G2 phase

Control	 36.10±4.12	 59.70±5.36	 4.20±1.01
Empty vector	 37.43±4.23	 58.11±5.14	 4.45±1.09
TEM8‑shRNA	 54.10±6.25a	 40.80±4.58a	 5.10±1.24

aP<0.05. TEM8, tumor endothelial marker 8; shRNA, short hairpin 
RNA.
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Figure 8. Migration ability of XWLC‑05 cells of the (A) control group, (B) empty vector group and (C) TEM8‑shRNA group. TEM8, tumor endothelial marker 
8; shRNA, short hairpin RNA. Magnification, x100. The experiment was repeated three times.

Figure 9. Invasion ability of (A) control group, (B) empty vector group and (C) TEM8‑shRNA group, as assessed by 0.1% crystal violet staining. TEM 8, tumor 
endothelial marker 8; shRNA, short hairpin RNA. Magnification, x200.

Figure 10. Cell cycle analysis of (A) control group, (B) empty vector group and (C) TEM8‑shRNA group cells. TEM8, tumor endothelial marker 8; shRNA, 
short hairpin RNA. The experiment was repeated three times.
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