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Expression and Clinical Significance of TEM1 mRNA

in Non-small Cell Lung Cancer*
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ABSTRACT Obijective: To investigate the role of TEM1 as a therapeutic target in human endothelial cells. Methods: The mRNA
expression levels of TEM1 in tumor and corresponding paratumor tissue of NSCLC in 56 cases were detected by reverse quantitative
transcription polymerase chain reaction (QRT-PCR). And t tests were used to analyze statistical significances of their expression in
different groups. Results: Analysis of 56 arrayed grade -  NSCLC demonstrated TEM1 expression in all tissues. mMRNA levels of
TEM1 were higher in tumor tissue than those in corresponding paratumor tissue. TEM1 expression was correlated with lymph node
metastasis and clinical stage (P<<0.05), but was independent of histological type, patient's age and gender (P>0.05). Conclusion: The
expression level of TEML1 is correlated to clinical stage in NSCLC. It's probable a valuable molecular marker involved in NSCLC

invasion and metastasis. TEM1 expression profile in NSCLC supports efforts to therapeutically target this protein, might be potential

targets for gene therapy.
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Introduction

NSCLC is one of the most common cancers. The 5-year sur-
vival rate for all stages of NSCLC is 20-30%. Despite the advance
in surgical resection coupled with systemic chemotherapy and ra-
diation therapy, survival rates have not improved obviously in re-
cent years. About half of newly diagnosed NSCLC patients will
die of this disease duing to tumor recurrence and metastasis. The
initiation, development, local invasion and distant metastasis for
tumor are regulated by multiple genes, whose expression is deter-
mined by either internal or external factors. Therefore, elucidation
of those factors and the pattern of their expression may help to un-
derstand the mechanism of carcinogenesis and metastasis.

A number of factors, including TEM1, have been shown to
participate in cell migration and invasion. Tumor growth,
metabolism, invasion, metastasis, and recurrence are closely relat-
ed to tumor blood supply. Numerous clinical studies have demon-
strated that the elevated expression of TEM1was strongly correlat-
ed with the density of tumor microvessels, the potential for malig-
nancy and negative prognosis. TEM1 was identified in the tumor
endothelium of human colon carcinoma . TEM1 encodes a trans-
membrane glycoprotein and putative membrane receptor. Recent
evidence suggests it may interact with extracellular matrix compo-
nents including collagen 1, collagen 1V and fibronection, as well as
Mac-2 BP/90K in promoting vascular migration and invasion 3,
Further analyses revealed selective TEM1 expression in tumor en-
dothelium, pericytes and a subset of fibroblast-like cells of tumor

stroma in breast carcinoma, anaplastic astrocytoma and GBM 9,
However, few studies to date have investigated the role of TEM1
in NSCLC. This study detected TEM1mRNA expression to inves-
tigate the possible implication in NSCLC.

1 Materials and Methods

1.1 Selection of NSCLC cases

NSCLC subjects in this study were 56 patients newly diag-
nosed based on the histopathology during the period of September
2009-December 2010 at the Affiliated Hospital Of Medical Col-
lege Qingdao University. The average age at surgery was 52 years
(range30-70 years). Tissue specimens, including tumor and corre-
sponding paratumor tissue samples of NSCLC patients, were un-
derwent surgical resection. Histopathologic types included adeno-
carcinoma (28patients, 50%) and squamous cell carcinoma (28pa-
tients, 50%). The 56 NSCLC patients all fulfilled the inclusion cri-
teria of stage Il or Il tumors (with no distant metastasis or MO0).
All the tumors were primary single NSCLC neoplasms. No patient
had received antitumor treatment before surgery. The samples
were frozen immediately and stored at -80 ‘C until use. Informed
consent was obtained from all subjects.
1.2 Quantitative RT—PCR for TEM1

Total RNA was extracted from -80°C freezed tumor and the
relative normal samples, dissected from Surgery patients with lung
cancer, using Trizol reagent (Invitrogen, USA), following the man-
ufacturer's instructions. Purity and quantity of the RNA was as-
sessed by spectrophotometry (A260/280 greater than 1.8). Then
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total RNA was reverse transcripted into cDNA using the Prime-
Script RT-PCR kit (TaKaRa Bio Inc., Shiga, Japan), according to
the manufacturer's instructions. To assess the TEM1 gene expres-
sion, we used real-time fluorescence quantitative PCR analysis
based on the TagMan probe method. The primer sequences for the
human gene were as follows: (TEM1) forward,5-TCCTGGTGC-
CAACGTGTGT-3';reverse,5-AGCAGTCAGTGATGCGCTTGT-
3'; fluorescent probe, 5-CCTGCTTGCACTGGGCATCGTGTAC
-3'; And the amplicon size was 105 base pairs (bps). The GAPDH
was used as the internal control with the specific primers: forward
5'-CTTAGCACCCCTGGCCAAG-3', reverse 5-GATGTTCTGG
AGAGCCCCG-3', fluorescent probe 5-FAM-CAT-GCCATCAC
TGCCACCCAGAAGA-TAMRA-3', and the amplicon size was
150 bps. Primers and fluorescent probes were synthesized by
Shanghai Sangon Biological Engineering Technology & Services
Co., Ltd. (Shanghai,China). The levels of TEM1 and control
GAPDH mRNA transcripts were determined by the QRT-PCR in
Light Cycler real time thermal cycler (Roche Diagnostics). The
PCR reactions in duplicate were subjected to an initial denatura-
tion at 95°C for 10 seconds, followed by 40 cycles of denaturation
at 95°C for 5 seconds, annealing and extension at 60°C for 45 sec-
onds. The value of threshold cycle (CT) for each reaction was
recorded. The relative expression level was computed using the

2-detla delta Ct analysis method, where actin was used as an inter-
nal reference 19,
1.3 Statistical Analysis

All data were shown by mean £ SE. Statistical analyses were
performed using SPSS statistical software 17.0. Differences be-
tween two groups were assessed using a t test. A P value less than
0.05 was considered statistically significant.

2 Results

Following reverse transcription into cDNA, PCR product
electrophoresis analysis clearly demonstrated a single TEM1 band
at 105 bp, and GAPDH band at 150 bp (Figure 1), which were the
expected sizes, suggesting high-specificity of the primer. Amplifi-
cation curves of cDNA samples exhibited a standard S shape (Fig
2), suggesting a good amplification.
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Fig.1 Gel electrophoresis of PCR products:M, size marker; 1, GAPDH; 2,
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Fig. 2 Amplification curve of GAPDH and TEM1.

2.1 High levels of TEM1 mRNA in tumor tissues
TEMImRNA was detected in all tissues. The results of
QRT-PCR showed that mRNA levels of TEM1 were higher in tu-
mor tissue than those in the corresponding paratumor tissue (P<<
0.05) (Table 1).
2.2 Correlation of TEM1 gene expression to clinical
histopathological features of NSCLC
The relationship between the levels of TEM1 expression and
various clinical histopathological features was analyzed, the result
revealed that TEM1 expression level was correlated with lymph
node metastasis and surgical pathological stage (P<<0.05). The ex-

pression of TEM1with lymph node metastasis was higher than that
without lymph node metastasis, and the expression in stage Il
non-small-cell lung cancers was higher than in stage I-11. The level
of TEM1 was independent of histological type, patient's age and
gender( Table 2).

3 Discussion

Tumor growth, metabolism, invasion, metastasis, and recur-
rence are closely related to tumor blood supply. Solid tumors are
dependent on angiogenesis growth when they reach a size of 1 or 2
mm? M, Tumor angiogenesis requires the participation of multiple
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Table 1 Relative expression of TEM1 mRNA in different tissues.

TEM1
Tissue type Sample number(n) T P
Relative to normal *
Tumor 56 1.3380+ 0.2367 2.358 0.022
Paratumor 56 0.9012+ 0.1498

Note:*Data are expressed as the mean 2-A ACT(range).

Table 2 Correlation between TEM1A ACT values and clinical histopathological parameters

Pathological features Case number 208CT t P -value
Gender 0.758 0.388
Male 29 1.3908+ 0.4034
Female 27 1.2812+ 0.2396
Tumor grade 6.148 0.016
1-2 25 0.6369+ 0.1685
3 31 1.9034+ 0.3911
Histopathology type 2.380 0.129
Squamous cell carcinoma 28 1.6378+ 0.4288
Adenocarcinoma 28 1.0381+ 0.1943
Lymph node involvement 6.571 0.013

Negative 25

Positive 31

0.5276+ 0.1018

1.9914+ 0.3834

angiogenic factors, the one important of which is TEM1. TEM1
gene mapped to chromosome 11q13. TEM1 encodes a 165 kDa
single-pass transmembrane glycoprotein classified as a C-type
lectin-like membrane receptor with homology to thrombomodulin
and is conserved in humans and mice. Its extracellular part con-
sists of five globular domains (N-terminal C-type lectin domain,
sushi-like domain, and three epidermal growth factor (EGF)-like
repeats) and a mucin-like region [, The antigen recognized by
FB5 monoclonal antibody revealed an amino acid sequence identi-
cal to TEM1 and shown to specifically react with human tumor
endothelium, pericytes and a subset of fibroblast-like cells within
the tumor stroma ™, TEM1 knockout (KO) mice were fertile and
appear to develop normally. However, when human HCT116
colon carcinoma cells were implanted orthotopically onto the
serosal surface of the large intestine of nude TEM1 KO mice, both
tumor take and growth were inhibited while the number of tumor
microvessels increased 4. St. Croix reported a series of up-regu-
lated genes, tumor endothelial markers (TEM), differentially ex-
pressed z10-fold by tumor endothelial cells versus normal en-
dothelial cells ™. Little to no expression of TEM1 was noted in
normal adult tissues. A recent study in breast cancer identified an
association between TEM1 expression and progressive and/or re-
current disease as well as nodal involvement, all hallmarks of a
more aggressive disease state . Thus, TEM1 may have prognostic
value for breast cancer. Recent accumulating evidences have

shown that TEM1 had over-expression in a wide range of malig-
nant cancer, such as breast cancer tissue and human brain tumors &
8. In this study, TEM1mRNA was detected in all tissues. The mR-
NA levels of TEML1 in tumor tissue were 1.3380+ 0.2367, while
those in the corresponding paratumor tissue were 0.9012+ 0.1498
(P<<0.05). Expression levels of TEM1 in non-small cell lung can-
cer in the tumor tissue were higher than the corresponding paratu-
mor tissue, which suggests that TEM1 may be resulted from the
small cell lung cancer occurrence and development and the forma-
tion process of tumor blood essels has the important function.
Tomkowicz and colleagues have described TEM1 binding to
fibronectin, as well as collagen | and 1V, leading to vessel inva-
sion, increased migration and differentiation of endosialin-express-
ing cells @. Further study has identified a C-terminal fragment of
Mac-2 BP/90K as extracellular ligand of TEM1 which was weakly
or no expressed in epithelial layers of most normal tissues and
strongly up-regulated in the tumor cell compartment of most ana-
lyzed carcinomas . The identification of Mac-2 BP/90K as a spe-
cific TEM1 ligand may provide an important functional link be-
tween the expression of TEM1 in the tumor stroma compartment
and its role in metastatic spread. Recent studies have provided evi-
dence for TEM1 expression in mesenchymal stem cells, endothe-
lial progenitor cells, tumor pericytes, all of which contribute to tu-
mor vasculature, and a subpopulation of tumor stromal cells &6,
In further study, the ubiquitous expression in vivo is in contrast to
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previously reported expression limited to corpus luteum and highly
angiogenic tissues such as tumors and wound tissue ®. This may
suggest that TEM1 plays not only a role in tumor-specific endothe-
lium, but a more general role in vascular endothelium both in the
adult and during embryonic development. It has become clear that
there are quantitative differences between normal and tumor vas-
culature, evidenced by changes in the balance of angiogenesis in-
ducers and inhibitors. We propose that it may simply be expressed
at higher levels during the formation of new vessels in tumors.
And it may play important roles in initiation and progression of
cancers.

Expression analysis of TEM1 in NSCLC and their corre-
sponding normal tissues has not been performed thus far. In this
study, TEMImRNA was detected in all tissues. The results of
QRT-PCR showed that mRNA levels of TEM1 were higher in tu-
mor tissue than those in the corresponding paratumor tissue (P<<
0.05). TEM1 expression level was correlated with lymph node
metastasis and surgical pathological stage (P<<0.05). The expres-
sion of TEM1 with lymph node metastasis was higher than that
without lymph node metastasis, and the expression in stage IlI
non-small-cell lung cancers was higher than in stage I-11, however,
there were no significant differences in different histological types,
patient's age and gender. Together, these data strongly suggest that
TEM1 may contribute to the onset and development as well as in-
vasion and metastasis of NSCLC.

This study confirmed quantitative differences of TEM1 at the
mRNA level in NSCLC. TEM1 expression was associated with
malignant tumor invasion and metastasis, suggesting TEM1 could
be the marker for judging the metastatic potential of tumors. Since
TEML1 expression is most likely elevated in tumor tissues undergo-
ing formation and reorganization of vessels and the tumor vascula-
ture is easily accessible for drug carriers circulating in the blood, it
could provide a target for antiangiogenic therapy for malignant tu-
mors.

References
[1] St Croix B, Rago C, Velculescu V, et al. Genes expressed in human

tumor endothelium [J]. Science (New York, NY), 2000, 289(5482):

1197-1202
[2] Tomkowicz B, Rybinski K, Foley B,

endosialin/TEM1 with extracellular matrix proteins mediates cell

et al. Interaction of
adhesion and migration [J]. Proceedings of the National Academy of
Sciences of the United States of America, 2007,104 (46):17965-1
7970

[3] Becker R, Lenter MC, Vollkommer T, et al. Tumor stroma marker
endosialin  (Tem1) is a binding partner of metastasis-related protein
Mac-2 BP/90K[J]. Faseb J, 2008, 22(8):3059-3067

[4] Simonavicius N, Robertson D, Bax DA , et al. Endosialin (CD248) is a
marker of tumor-associated pericytes in high-grade glioma [J]. Mod
Pathol, 2008, 21(3):308-315

[5] Davies G, Cunnick GH, Mansel RE, et al. Levels of expression of

endothelial markers specific to tumour-associated endothelial cells

and their correlation with prognosis in patients with breast cancer[J].
Clinical & experimental metastasis, 2004, 21(1):31-37

[6] Brady J, Neal J, Sadakar N, et al. Human endosialin (tumor endothelial
marker 1) is abundantly expressed in highly malignant and invasive
brain tumors [J]. Journal of neuropathology and experimental neurol-
00y,2004,63(12):1274-1283

[7] MacFadyen JR, Haworth O, Roberston D, et al. Endosialin (TEM1,
CD248) is a marker of stromal fibroblasts and is not selectively
expressed on tumour endothelium [J]. FEBS letters, 2005, 579 (12):
2569-2575

[8] Carson-Walter EB, Watkins DN, Nand a A, et al. Cell surface tumor
endothelial markers are con-served in mice and humans [J]. Cancer
research, 2001,61(18):6649-6655

[9] Christian S, Winkler R, Helfrich |, et al. Endosialin (Tem1) is a marker
of tumor-associated myofibroblasts and tumor vessel-associated
mural cells [J]. The American journal of pathology, 2008,172 (2):
486-494

[10] Livak, K.J. and Schmittgen, T.D. Analysis of relative gene expression
data using real-time guantitative PCR and the 2(-Delta Delta C (T) )
Method[J]. Methods, 2001,25:402-408

[11] Folkman J. Tumor angiogenesis: Therapeutic implications[J]. N Engl
J Med, 1971,285:1182-1186

[12] Christian S, Ahorn H, Koehler A, et al. Molecular cloning and
characterization of endosialin, a C-type lectin-like cell surface recept-
or of tumor endothelium[J]. J. Biol. Chem, 2001(276):7408-7414

[13] Rettig WJ, Garin-Chesa P, Healey JH, et al. Identi-fication of
endosialin, a cell surface glycoprotein of vascular endothelial cells in
human cancer [J]. Proceedings of the National Academy of Sciences
of the United States of America, 1992,89(22):10832-10836

[14] Nanda A, Karim B, Peng Z, et al. Tumor endothelial marker 1(Tem1)
functions in the growth and progression of abdominal tumors [J].
Proceedings of the National Academy of Sciences of the United States
of America, 2006,103(9):3351-3356

[15] Renate B, Martin CL. Tumor stroma marker endosialin (Tem1) is a
binding partner of metastasis-related protein Mac-2 BP/90K [J]. The
FASEB Joumal, 2008,22:1-9

[16] Bagley RG, Weber W, Rouleau C, et al. Human mesenchymal stem
cells from bone marrow express tumor endothelial and stromal
markers. International journal of oncology, 2009,34(3):619-627

[17] Bagley RG, Honma N, Weber W, et al. Endosialin/TEM 1/CD248 is
a pericyte marker of embryonic and tumor neovas-cularization [J].
Microvascular research, 2008,79(3):180-188

[18] MacFadyen J, Savage K, Wienke D, et al. Endosialin is expressed on
stromal fibroblasts and CNS pericytes in mouse embryos and is
downregulated during development [J]. Gene Expr Patterns, 2007, 7
(3):363-369

[19] Bagley RG, Rouleau C, St Martin T, et al. Human endothe-lial prec-
ursor cells express tumor endothelial marker 1/endosialin/CD248[J].
Molecular cancer therapeutics, 2008,7(8):2536-2546

[20] Opavsky R, Haviernik P, Jurkovicova D, et al. Molecular characteri-
zation of the mouse TemZ1/endosialin gene regulated by cell density in
vitro and expressed in normal tissues in vivo[J]. J Biol Chem,2001,27
6:38795-38807



- 2908 - www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.15 MAY 2012

TEM1ImRNA *
A
266003
TEM1 °
PCR 56 TEM1 mRNA 5 TEM1
56 ., TEM1
P<<0.05 P>0.05 , TEM1
., TEM1 -
TEM1 PCR
R734.2 A 1673-6273 2012 15-2904-05
* 06-2-2-5-nsh-1 2010GWZ20260
1984-
A E-mail:yuzhuang2002@163.com

2011-12-27 2011-01-23



