Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR MEDICINE REPORTS 24: 595, 2021

Targeted silencing of TEMS8 suppresses non-small cell lung
cancer tumor growth via the ERK/Bcl-2 signaling pathway
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Abstract. Non-small cell lung cancer (NSCLC) is one of
the most common malignancies with high rates of mortality.
Although great progress has been made with the development
of novel immunotherapies and targeted therapeutic strategies,
the 5-year total survival rate of lung cancer has remained
unchanged over the past few decades. Therefore, more effective
therapeutics are urgently needed. Tumor endothelial marker 8
(TEMBS) is an integrin-like cell surface transmembrane protein
that has been demonstrated to be upregulated in numerous
cancer types and previously showed promise for targeted
cancer therapy. However, the role of TEMS8 in NSCLC remains
poorly understood. The present study aimed to investigate
the effects of silencing TEM8 on expression and regulation
of extracellular signal-regulated kinase (ERK)1/2 signaling
pathways in NSCLC. In the present study, a lentiviral vector that
encoded a short hairpin RNA targeting TEMS8 was designed
and transfected into Xuanwei Lung Cancer (XWLC)-05 lung
cancer cells to silence TEMS expression. Male BALB/c-nu/nu
mice were then given subcutaneous injections in the right dorsal
flank with XWLC-05 cells. Microvessel density was measured
using an anti-CD34 antibody. The mRNA and protein levels
of ERK1/2 and Bcl-2 in XWLC-05 cells or xenograft tumor
tissues were detected by reverse transcription-quantitative
polymerase chain reaction and western blotting. TEMS
knockdown was found to significantly inhibit tumor growth
and conferred an anti-angiogenic ability in vivo. Furthermore,
TEMS8 knockdown suppressed the expression of Bcl-2
mediated by ERK1/2 activity in XWLC-05 cells or tissues
from mice with NSCLC. To conclude, these results suggest
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that the targeted silencing of TEMS8 may serve as an effective
method of treating NSCLC.

Introduction

Lung cancer is one of the most common malignant tumors
and the main cause of cancer-associated mortality, with
>1.7 million deaths reported worldwide in 2018 (1). Lung cancer
can be broadly divided into two major categories based on its
histological characteristics: Small cell lung cancer (SCLC)
and non-small cell lung cancer (NSCLC) (2,3). Compared with
SCLC, NSCLC is the main type of lung cancer and accounts
for >84% of cases of lung cancer (4). The clinical efficacy
of current therapeutic strategies of lung cancer is greatly
dependent on the stage of disease, where poor outcomes are
closely associated with diagnosis at advanced stages and
propensity for metastasis (5). By contrast, good outcomes are
associated with diagnosis at early stages (5). However, most
patients with NSCLC are typically diagnosed at advanced
or metastatic stages of the disease (6). Although major
improvements have been made in the treatment of NSCLC with
the development of targeted therapies and immunotherapy, the
5-year survival rate of patients with lung cancer has remained
unchanged over the past number of decades (7). NSCLC is also
the archetype of a genomics-driven malignancy, such as YES]
(a member of SRC family kinases) mutation, which showed
a promising therapeutic target in lung cancer (8). However,
YES] status can only be used as a predictive biomarker for
treatment in a selected subset of patients, which means that
only a small proportion of patients with lung cancer can
benefit from targeted therapy (8). Therefore, it is imperative to
identify new druggable targets to enhance the efficacy of the
currently available therapies and to reduce the mortality rate
of lung cancer.

Tumor endothelial marker 8§ (TEMS) is an integrin-like
cell surface transmembrane protein that was first identified
as a marker in the tumor endothelium in colorectal cancer
by St Croix et al (9) in 2000. TEMS has been found to be
upregulated in the stroma of numerous solid tumors, including
osteosarcoma (10), colorectal cancer (9), lung cancer (11),
melanoma (12) and triple-negative breast cancer (13). This
makes it an attractive target for studying any potentially novel
anticancer therapeutics, due to its overexpression on the cell
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surface of solid tumors. Previous studies in human tumor
xenografts have reported that either blocking or knocking down
TEMS expression can inhibit tumor growth (14,15). In addition,
previous studies have confirmed that TEM8 knockdown could
inhibit the migration and invasion of Xuanwei Lung Cancer
(XWLCQC)-05 cells in vitro (11). Since the XWLC-05 cell line
has been proved to exhibit histological characteristics that are
similar to those observed in NSCLC (16), the present study
mainly focused on the effects of silencing TEMS8 expression
on NSCLC tumor growth in vivo.

Angiogenesis has been previously shown to be an important
process in promoting tumor growth and metastasis (17), such
that a number of anti-angiogenic agents (e.g., bevacizumab plus
irinotecan, fluorouracil and leucovorin) are currently being
applied clinically (18). TEMS has been shown to be required
for angiogenesis in melanoma, breast and colon cancer (15).
However, TEMS8 knockdown in mice was found not to affect
the angiogenic process during normal development or wound
healing (19). Taken together, these previously reported effects
suggest that TEMS is required for tumor angiogenesis, but
not physiological angiogenesis. However, most of the known
vascular endothelial markers are not only expressed in tumor
tissues, but also in normal tissues, meaning that targeting these
markers can lead to side effects (19,20). Therefore, treatments
that target TEMS8 may inhibit tumor growth with less severe
side effects. Nevertheless, little is known concerning the func-
tion of TEMS in lung cancer in vivo.

In the present study, the effects of silencing TEMS8 expres-
sion on tumor growth in a murine xenograft model of lung
cancer was investigated. Specifically, the relationship between
TEMS expression and tumor angiogenesis was examined.
Furthermore, the underlying signaling pathways that are
activated following TEMS8 knockdown was also measured.
These findings may provide a novel theoretical basis for early
lung cancer diagnosis and improving the outcome of targeted
therapies.

Materials and methods

Cell lines. The XWLC-05 cell line was provided by Dr Wang
Li, Radiotherapy Center of The Third Affiliated Hospital of
Kunming Medical University (Kunming, China). The cells
were cultured in RPMI-1640 medium (HyClone; Cytiva)
supplemented with 10% FBS (HyClone; Cytiva) at 37°C in a
humidified incubator under 5% CO, atmosphere in T25 flasks.
When the cell density reached >90%, cells were passaged at
reasonable ratios for further study.

Experimental animals. A total of 18 male BALB/c-nu/nu mice
(4-6 weeks old; weighing 16-18 g, mean 16.9+0.5 g) were
purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. All mice were randomly divided into
three groups with six mice each. The mice were housed under
a 12-h light/dark cycle at a constant temperature (22-24°C) and
humidity (40-70%) in a specific pathogen-free environment
with free access to food and water. The mice were acclimated
to the housing conditions for 1 week before inoculation. All
animal experiments were approved by the Committee on the
Ethics of Animal Experiments of The Third Affiliated Hospital
of Kunming Medical University (approval no. 16K'Y-LA00135).

Creation of the TEMS8-short hairpin RNA (shRNA/sh) stable
transfection cell line. The pGLVH1/GFP/Puro (PGLV3) vectors
encoding TEMS8-shRNA and negative control (NC) shRNA
constructs were purchased from Shanghai GenePharma Co.,
Ltd. The lentivirus was synthesized by Shanghai GenePharma
Co., Ltd. XWLC-05 cells were plated into a 96-well plate
at a density of 5x10* cells/well and cultured in RPMI-1640
medium with 10% FBS at 37°C overnight. The XWLC-05
cells were then infected with lentiviral or control virus (NC)
in RPMI-1640 medium with 10% FBS and polybrene at a
final concentration of 5 ug/ml according to the manufacturer's
instructions. After 24 h, the cells were washed three times
with PBS and cultured in RPMI-1640 medium supplemented
with 10% FBS at 37°C for 72 h. Efficiency of TEMS silencing
was determined by reverse transcription-quantitative PCR
(RT-qPCR) and western blotting under different conditions,
namely untreated control XWLC-05 cells, shNC-transfected
cells and shTEMS-transfected cells.

After 72 h transfection, the transfected or untransfected
XWLC-05 cells were plated into a six-well plate at densities
of 5x10° cells/well and fresh medium containing 2 pg/ml
puromycin (Sigma-Aldrich; Merck KGaA) was added to select
for stably transfected XWLC-05 cells. Subsequently, 2 pg/ml
puromycin was used for maintenance of the stably transfected
cell line. The stably transfected XWLC-05 cells were harvested
and subsequently amplified.

In vivo tumorigenicity assays. All BALB/c-nu/nu mice were
randomly divided into the following three groups (n=6/group):
i) Control group; ii) shNC group; and iii) shTEMS8 group.
XWLC-05 cells in the indicated groups were harvested and
resuspended in PBS to a final concentration of 1x107 cells/ml. The
mice were then given subcutaneous injections in the right dorsal
flank with the prepared cells (2x10° cells/mouse), after which
they were monitored every day. After the subcutaneous tumors
become visible, the tumor volumes were measured with a vernier
caliper once every 2 days and the tumor size was calculated
using the following formula: (Length x width x height)/2.
At 28 days post-injection, the maximum tumor size reached
~1,200 mm? in the control group all mice were sacrificed by
cervical dislocation, and tumors were excised and weighed.

RT-gPCR. Total RNA was extracted from tumor tissues
or cells using TRIzol® reagent (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. The quality
and concentration of extracted RNA was measured using
a UV/VIS spectrophotometer. First-strand cDNAs were
synthesized using the High-Capacity cDNA Reverse
Transcription kit (Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. gPCR was performed using
an ABI 7500 Real-Time PCR detection system (Applied
Biosciences; Thermo Fisher Scientific, Inc.) with SuperReal
PreMix Plus (SYBR-Green) (Tiangen Biotech Co., Ltd.).
The following qPCR thermocycling conditions were used:
Pre-denaturation at 95°C for 10 min; followed by 40 cycles
of 95°C for 15 sec and 60°C for 60 sec. The primers used
for the RT-qPCR are shown in Table I, where GAPDH was
used as the internal reference. The relative mRNA level was
calculated using the 2-24°4 method (21). Each experiment was
repeated =3 times.
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Table I. Primers used for reverse transcription-quantitative PCR.
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Gene Primer sequences (5'—3') Production size (bp)
TEMS F: GCTGCACCACTGGAATGAAATCT 153
R: AGGCCTTGACGGATTTGTTCTCT
ERK F: TTACTGCGCTTCAGACATGAGA 111
R: ATCTGTTTCCATGAGGTCCTGT
Bcl-2 F: TGTGTGTGGAGAGCGTCAAC 142
R: GGGCCGTACAGTTCCACAAA
GAPDH F: TCTCTGCTCCTCCTGTTCGA 122

R: GCGCCCAATACGACCAAATC

F, forward; R, reverse; TEMS8, tumor endothelial marker 8; ERK, extracellular signal-regulated kinase.

Immunohistochemistry and immunofluorescence staining.
Tumor tissues from each mouse were harvested at the end of
the study, fixed with 4% paraformaldehyde for 12 h at room
temperature and embedded in paraffin. The paraffin sections
at a thicknesses of 4 ym were prepared, dewaxed with xylene
and rehydrated in ethanol, and antigen retrieval was performed
in 0.01 mol/I citrate buffer (pH 6.0) in a microwave oven for
20 min at 98-100°C. The sections were then treated with 3%
hydrogen peroxide methanol for 10 min at room temperature
to block the endogenous peroxidase activity.

For immunohistochemistry, the sections were blocked
with 1% BSA (Beijing Solarbio Science & Technology Co.,
Ltd.) in PBS containing 0.05% Tween-20 (PBST) for 40 min
at room temperature. The sections were incubated with the
anti-TEMS primary antibody (cat. no. ab21270; 1:200; Abcam)
overnight at 4°C. After washing three times with PBS, the
sections were incubated with HRP-conjugated goat anti-rabbit
(cat. no. ab6721; 1:500; Abcam) secondary antibodies at 37°C
for 2 h. The sections were then stained with diaminobenzidine
(Beijing Solarbio Science & Technology Co., Ltd.) at 37°C
for 30 min after washing with PBS. The sections were coun-
terstained with hematoxylin for 1 min at room temperature
after the DAB reaction was stopped. The sections were then
dehydrated in a graded ethanol series, transparentized with
xylene, and mounted in neutral gum. The immunostained
sections were examined using a fluorescence microscope at
x200 magnification (Olympus Corporation).

For immunofluorescence, the sections were blocked with
1% BSA (Beijing Solarbio Science & Technology Co., Ltd.)
in PBST for 40 min at room temperature. The sections were
then incubated with the primary antibody against CD34
(cat. no. ab81289; 1:200; Abcam) overnight at 4°C. After three
washes with PBS, samples were incubated with the Alexa
Fluor® 594-conjugated secondary antibody (cat. no. ab150084;
1:200; Abcam) for 2 h at room temperature. After washing
three times with PBS, cell nuclei were stained with
4'6-diamidino-2-phenylindole (cat. no. 36308ES11; Shanghai
Yeasen Biotech Co., Ltd.) solution, and stored in the dark for
5 min at room temperature. The sections were imaged by
fluorescence microscopy at x200 magnification (Olympus
Corporation).

To determine the microvessel density (MVD) values,
CD34-stained MVD was enumerated using the Weidner

method (22). The positive microvessel quantity stained with
CD34 in five different visual fields was counted under a light
microscope (magnification, x200) to calculate the average as
the value of MVD.

Hematoxylin and eosin (H&E) staining. For H&E staining, the
sections were dewaxed in xylene and rehydrated in a graded
alcohol series. Then, the sections were rinsed with tap water
for 1 min, immersed in hematoxylin (Beyotime Institute of
Biotechnology) solution for 4 min at room temperature and
rinsed with tap water for 30 sec. Sections were differentiated
using a 1% acid ethanol solution for 2 sec and rinsed with tap
water for 5 min. Then, the sections were stained with eosin
(Beyotime Institute of Biotechnology) solution for 10 sec at
room temperature and rinsed with tap water, followed by
dehydration with graded alcohol and clearing in xylene.
Finally, the sections were dried and mounted with neutral gum
seal. Sections were examined under a fluorescence microscope
at x200 magnification (Olympus Corporation).

Western blotting. The tumor tissues or cells were lysed with
ice-cold RIPA buffer (Beyotime Institute of Biotechnology)
mixed with protease and phosphatase inhibitors (Beyotime
Institute of Biotechnology). Following 30 min of lysis on
ice, the tissues or cells were centrifuged at 12,000 x g for
12 min at 4°C and the supernatant was collected. Then, the
protein concentration was quantified using a bicinchoninic
acid protein assay kit (Beyotime Institute of Biotechnology).
Protein samples (~50 ug) were separated via 10% SDS-PAGE,
and then transferred onto polyvinylidene difluoride
membranes (EMD Millipore). The membranes were blocked
in 5% skimmed milk powder for 2 h at room temperature, and
subsequently incubated overnight at 4°C with the following
primary antibodies: Anti-TEMS (cat. no. ab21270; 1:1,000;
Abcam), anti-extracellular signal-regulated kinase (ERK)1/2
(cat. no. 4695; 1:1,000; Cell Signaling Technology, Inc.),
anti-Bcl-2 (cat. no. 4223; 1:1,000; Cell Signaling Technology,
Inc.), anti-phosphorylated (p)-ERK1/2 (cat. no. 4370;
1:2,000; Cell Signaling Technology, Inc.) and anti-GAPDH
(cat. no. 5174; 1:1,000; Cell Signaling Technology, Inc.).
After washing three times with TBS containing 0.05%
Tween-20 (TBST), the membranes were incubated with
HRP-conjugated goat anti-rabbit secondary antibodies
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Figure 1. Expression of TEMS in Xuanwei Lung Cancer-05 cells. (A) Expression of TEM8 mRNA in control, shNC and shTEMS groups. (B) Expression of
TEMS protein in control, shNC and shTEMS8 groups. “"P<0.01 vs. Control group. TEMS, tumor endothelial marker 8; sh, short hairpin RNA; NC, negative

control.

(cat. no. 7074; 1:5,000; Cell Signaling Technology, Inc.) for
2 h at room temperature. The immunoreactive bands were
detected using the SuperSignal™ West Pico chemiluminescent
substrate (Thermo Fisher Scientific, Inc.). The blots were
semi-quantified using the Quantity One software version 4.62
(Bio-Rad Laboratories, Inc.) to analyze the gray value of each
antibody band. The relative integrated optical density for
TEMS, ERK1/2, p-ERK1/2 and Bcl-2 were normalized to that
of GAPDH in the same sample.

Statistical analysis. Statistical differences were determined
using a one-way ANOVA followed by a Tukey's post hoc test.
All data were analyzed using SPSS software version 17.0
(SPSS, Inc.) and are expressed as the mean + SD. All
experiments were repeated =3 times. P<0.05 was considered
to indicate a statistically significant difference.

Results

Successful knockdown of TEMS expression via transfection
with shTEMS8 in XWLC-05 cells. To evaluate the efficiency
of gene silencing using shTEMS8, XWLC-05 cells were
transfected with either ssSTEMS or shNC. After 72 h of trans-
fection, TEMS expression was measured using RT-qPCR
and western blotting. The RT-qPCR results showed that
TEM8 mRNA expression was significantly decreased in
the shTEMS group compared with that in the control group
(Fig. 1A). Subsequently, western blotting revealed that TEMS
protein expression was also significantly suppressed by
transfection with shSTEM8 compared with that in the control
group (Fig. 1B). These results suggested that sSTEMS trans-
fection could successfully knock down TEMS expression in
XWLC-05 cells.

TEMS8 knockdown inhibits tumor growth in a xenograft
mouse model. A previous study reported that TEMS8 expres-
sion was significantly increased in human lung cancer
tissues compared with that in the normal tissue (11). To
investigate whether TEMS8 knockdown has any influence on

lung cancer cell tumorgenicity in vivo, siTEM8-transfected,
shNC-transfected or untreated XWLC-05 cells were subcu-
taneously injected into nude mice. As shown in Fig. 2A,
tumor growth was significantly decreased in the sShTEMS8
group compared with that in the shNC and control groups.
Both final tumor size (Fig. 2B and C) and weight (Fig. 2D)
were significantly decreased in the ScTEMS group compared
with those in the shNC and control groups. Histological
analysis was also performed to macroscopically analyze
tumor growth after TEMS expression was knocked down.
The results showed that the number of tumor cells, vascular
tissues and necrotic foci in the tumor tissue of shNC and
control groups were markedly decreased compared with
those in the sShTEMS8 group (Fig. 2E). Knock down of TEM8
was verified by immunohistochemistry. Tumors formed by
XWLC-05 cells transfected with shTEMS8 exhibited notably
lower TEMS8 expression compared with those in the shNC
and control groups (Fig. 2F). These results suggested that
TEMS knockdown could significantly inhibit lung cancer
tumor growth in vivo.

TEMS8 knockdown attenuates tumor angiogenesis in
mouse tumor tissues. Previous studies have reported that
tumor growth is associated with angiogenesis (23,24).
To determine if TEMS8 knockdown affects angiogenesis
in vivo, the expression of the endothelial surface marker
CD34 was detected by immunofluorescence staining using
an anti-CD34 antibody. Compared with that in the control
(Fig. 3A) and shNC groups (Fig. 3B), the expression of CD34
was notably decreased in the shTEMS8 group (Fig. 3C). The
MVD of tumor-bearing tissues was significantly decreased
in the ShTEMS group compared with that in the shNC and
control groups (Fig. 3D). Therefore, TEM8 knockdown
could potently suppress angiogenesis in this xenograft
tumor model.

TEMS8 knockdown reduces ERKI/2 activation and Bcl-2
expression in XWLC-05 cells. A previous study reported that
the ERK signaling pathway serves an important role in the
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Figure 2. Effect of TEMS silencing on tumor growth in a murine xenograft model of lung cancer in vivo. (A) Silencing TEMS8 with shTEMS significantly
inhibited tumor growth of Xuanwei Lung Cancer-05 cells implanted subcutaneously in BALB/c nude mice compared with control group, and significantly
reduced (B and C) tumor volume and (D) weight. (E) Histological analysis of tumor tissues as detected by hematoxylin and eosin staining are shown. Blue
arrows indicate tumor cells, green arrows indicate vascular tissues and yellow arrows indicate necrotic foci. (F) Histological features of tumor tissues by TEM8
immunohistochemistry staining. sShTEMS8 group tumors displayed markedly lower TEMS expression compared with the control group. Magnification, x200.
“P<0.01 vs. Control group. TEMS, tumor endothelial marker 8; sh, short hairpin RNA; NC, negative control.

pathophysiology of lung cancer (25). However, the effect of
TEMS on the ERK signaling pathway in XWLC-05 cells
remains unknown. Therefore, the mRNA and protein expres-
sion levels of ERK1/2 and Bcl-2 were evaluated by RT-qPCR
and western blotting at the cellular level after TEMS8 gene
silencing. RT-qPCR results showed that the mRNA levels of
ERK and Bcl-2 were significantly decreased in sShTEMS-trans-
fected XWLC-05 cells compared with those in shNC or control
XWLC-05 cells (Fig. 4A). In addition, western blot analysis
showed that the protein expression levels of p-ERK1/2 and
Bcl-2 were significantly decreased in shTEMS8-transfected
cells compared with those in shNC or control XWLC-05 cells,

although there were no variations in total ERK1/2 expression
(Fig. 4B and C).

TEMS knockdown reduces the phosphorylation of ERK1/2 and
Bcl-2 expression in xenograft tumor tissues. To evaluate further
if TEMS regulates the ERK signaling pathway, the mRNA and
protein levels of ERK1/2 and Bcl-2 in isolated xenograft tumor
tissues were measured by RT-qPCR and western blotting.
RT-qPCR results showed that the mRNA expression levels of
ERK and Bcl-2 were significantly decreased in the ShaTEMS8
group compared with that in the shNC and control groups
(Fig. SA). Moreover, western blotting analysis results revealed
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Figure 3. Effect of TEMS silencing on tumor angiogenesis in a murine xenograft model of lung cancer in vivo. The tumor angiogenesis of the (A) control group,
(B) shNC group and (C) shTEM8 group. Magnification, x200. (D) MVD. "P<0.05 vs. Control group. TEM8, tumor endothelial marker 8; sh, short hairpin RNA;

NC, negative control; MVD, microvascular density.

A 2 15 B shNC B shTEM8 B Control __shNC__ shTEMS C 2 151mm Control W shNC BB ShTEMS
2 B2 | —— k5
< 10 o E, 1.0
g pERK [ T —— s
@ >
2 05 Bol-2| M— — — 2 057
3 ®
o o
0.0 CAPDH | ——— 0.04

ERK Bcl-2

p-ERK1/2/ERK1/2

Bcl-2

Figure 4. Silencing TEMS significantly suppresses the activation of ERK1/2, and the expression of Bcl-2 in XWLC-05 cells. TEMS8 knockdown significantly
inhibited the (A) mRNA and (B and C) protein levels of ERK1/2, p-ERK1/2 and Bcl-2 in XWLC-05 cells. “P<0.01 vs. Control group. TEM8, tumor endothelial
marker 8; sh, short hairpin RNA; NC, negative control; ERK, extracellular signal-regulated kinase; XWLC-05, Xuanwei Lung Cancer-05; p-, phosphorylated.

that the protein expression levels of p-ERK1/2 and Bcl-2 were
significantly decreased in the shTEM8 group compared with
those in the shNC and control groups (Fig. 5B and C).

Discussion

The present study sought to investigate the effects of TEMS
in a murine xenograft model of lung cancer and its under-
lying mechanisms. It was found that: i) TEM8 knockdown
significantly inhibited tumor growth in a murine xenograft
model of lung cancer; ii) TEM8 knockdown prominently
attenuated tumor angiogenesis in tumor tissues of the lung
cancer xenografts; and iii) TEMS regulation of tumor growth
and angiogenesis was in part mediated by activation of the
ERK/Bcl-2 signaling pathway.

Previous studies have reported that TEMS8 serves an
important role in lung cancer carcinogenesis (9,11,15), which

is also important for tumor progression and growth (26). In the
present study, XWLC-05 cells were used to induce stable knock
down of TEMS expression in vitro. Lung cancer in Xuanwei
Country (Yunnan province, China) has been previously
demonstrated to be a histological subtype of NSCLC (27). The
XWCL-05 cell line established by Yan et al (16) as a human
lung adenocarcinoma cell line possesses the characteristics of
lung adenocarcinoma. In the present study, TEMS8 knockdown
was found to significantly inhibit tumor growth in a murine
xenograft model of lung cancer induced by injection with
the XWLC-05 cell line, which is consistent with previously
reported preclinical cancer models, including colon cancer,
melanoma tumors and infantile hemangioma (28-30). A number
of studies have demonstrated that TEMS is highly expressed in
tumor tissues, including colon cancer, osteosarcoma and breast
cancer, where it participates in tumor angiogenesis (10,31,32).
Importantly, a previous study also found that TEMS is highly
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Figure 5. Silencing TEMS significantly suppresses the activation of ERK1/2, and the expression Bcl-2 in lung cancer xenograft tumor tissues. Knockdown
of TEMS significantly inhibited the (A) mRNA levels and (B and C) protein levels of TEMS8, ERK1/2, p-ERK1/2 and Bcl-2 in xenograft tumor tissues.
"P<0.01 vs. Control group. TEMS, tumor endothelial marker 8; sh, short hairpin RNA; NC, negative control; ERK, extracellular signal-regulated kinase;

p-, phosphorylated.

expressed in lung cancer tumor tissues compared with adja-
cent normal lung tissues (11). Therefore, it was hypothesized
that the significantly inhibited tumor growth in mice injected
with TEM8-knockdown lung cancer cells compared with
that in control mice was associated with tumor angiogenesis.
CD34 is a capillary endothelial cell marker, which has been
used as an angiogenesis marker in previous studies (33-35) and
to measure the intensity of the microvasculature (36). CD34
staining was therefore used as an angiogenesis marker in the
present study to evaluate if TEMS8 knockdown could inhibit
tumor angiogenesis in the lung cancer tumor tissues. TEMS8
knockdown was found to significantly inhibit tumor angiogen-
esis in tumor tissues, which was in consistent with previous
findings (14,15).

Although previous studies have confirmed that TEMS
knockdown can significantly inhibit tumor growth in numerous
cancer types (10,37), the underlying mechanism remains
poorly understood. TEMS8 antibodies have been reported to
reduce tumor growth in mice through an antibody-dependent
cellular cytotoxicity mechanism (15). The ERK signaling
pathway was previously shown to participate in the progres-
sion and metastasis of lung cancer (38), where ERK1/2
phosphorylation can promote epithelial-to-mesenchymal tran-
sition and treatment resistance in lung cancer (39). ERK1/2
activity has been demonstrated to serve an important role in
tumorigenesis by regulating a variety of biological processes,
including apoptosis, proliferation and migration (40,41). The
Bcl-2 family of proteins are central regulators of apoptosis,
which are traditionally divided into two types, pro-apoptotic
or anti-apoptotic, where Bcl-2 is the prototypic anti-apoptotic
protein (42). Several studies have previously knocked down
Bcl-2 expression to evaluate anticancer efficacy in different
cancer types (43,44). ERK signaling has also been shown
to positively regulate Bcl-2 expression in human pancreatic
cancer. (45). Blocking the ERK signaling pathway has been
demonstrated to exert different outcomes on Bcl-2 expres-
sion (42,45). Chang et al (46) previously reported that inhibition
of ERK did not affect the expression of Bcl-2 in lung cancer.
Although ERK may be involved in the dysregulation of Bcl-2
expression, little is known concerning the role of the ERK
signaling pathway in the regulation of tumor growth in lung
cancer after TEM8 knockdown. To investigate the expression
statuses of ERK and Bcl-2 underlying the regulation of lung
cancer tumor growth and angiogenesis by TEMS, RT-qPCR

and western blotting were performed. TEMS8 knockdown was
shown to significantly inhibit ERK phosphorylation and Bcl-2
expression at both the transcriptional and protein levels. These
results suggested that TEM8 knockdown in tumor tissues
significantly inhibited the ERK/Bcl-2 signaling pathway.

The present study had some limitations. For example,
different lung cancer cell lines were not used to verify the
results, and ERK gene interference was not performed to verify
the role of TEMS in regulating NSCLCs via the ERK/Bcl-2
signaling pathway. The occurrence and development of NSCLC
is a complex biological process involving multiple signaling
pathways; however, the present study only focused on the ERK
signaling pathway. Therefore, further studies are required.

In conclusion, the present study suggested that TEMS serves
an important role in human lung cancer, as it was found that
silencing of TEMS8 expression could inhibit xenograft tumor
growth of lung cancer by suppressing the ERK/Bcl-2 signaling
pathways. Therefore, targeting TEMS8-mediated molecular
mechanisms may prove to be an effective therapeutic strategy
for patients with NSCLC.
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