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Abstract

AIM: Tumor endothelial markers (TEMs) are a newly
discovered family of endothelial markers associated with
tumor specific angiogenesis. This study sought to examine
the levels of expression (qualitatively and quantitatively)
for TEMs in human colon cancer.

METHODS: Human colorectal cancer tissues (77 = 48)
and normal background tissues (77 = 31) were obtained
after surgery. RNA was extracted from frozen sections
for gene amplification. The expression of TEMs (TEM-1
to TEM-8) was assessed using RT-PCR and their transcript
levels were determined using real-time-quantitative PCR
(Q-RT-PCR).

RESULTS: TEM-1 (P= 0.01), TEM-7 (P= 0.04), TEM-7R
(P=0.03), TEM-8 (P = 0.001) significantly raised in colon
cancer tissues compared with the levels detected in normal
background tissues. The expressions of TEM-2 and TEM-6
were found to be not significantly different between tumor
tissues and normal tissues (P>0.05). Patients who had
cancer penetrating into and through the muscularis propria
of the bowel wall and developed nodal involvement
(Dukes C) exhibited significantly higher levels of TEM -8
compared to patients who were node negative (£<0.05).
TEM-7 and TEM-7R showed high level of transcripts in
Dukes C, but they were not statistically significant.

CONCLUSION: The level of the expression of TEM-1,
TEM-7, TEM-7R and TEM-8 (but not TEM-2 and TEM-6)
were associated with both nodal involvement and disease
progression, and may therefore, have a prognostic value
in colorectal cancer.
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INTRODUCTION

Colon cancer is the second leading cause of cancer deaths
in USA and Western countries. Prognosis of patients
with colorectal carcinoma is closely related to the presence
of vascular and lymph node metastasis in their tumor
prognosis!.

Angiogenesis, defined as the sprouting of new capillaries
from pre-existing vessels is characterized by expansion of the
endothelium by proliferation, migration and remodeling, and is
a key to cancer development and particulatly metastasis!*l.
Angiogenesis is a dynamic multi step process, which involves
retraction of pericytes from the abluminal surface of the
capillary, release of proteases from the activated endothelial
cells, degradation of the ECM surrounding the pre-existing
vessels, endothelial cell migration toward an angiogenic
stimulus and their proliferation, formation of tube-like
structures, fusion of the formed vessels and initiation of
blood flow. Solid tumors are dependent on angiogenesis
for growth when they reach a size of 1 or 2 mm™.

Despite the rapid progression in understanding the
biological and the clinical significant of angiogenesis, there
is very little information on markers that are specific to
tumor endothelium. Most endothelial markers used in
assessing angiogenesis, such as CD31, PECAM and vW
factor etz., are expressed in both normal and tumor tissues.

Tumor endothelial markers (TEM1-9) were recently
identified as novel endothelial cell surface markers that
appear to be specific to tumor endothelial cells and are
potentially involved in tumor angiogenesis®. TEMs are
structurally and functionally conserved in mouse and
human tumot endothelial cells, and are considetred to be
products of one of several genes elevated in human tumor
endothelium and expressed at a level at least 20-fold higher
in endothelial cells 7 vivo compated to non-endothelial cells™.
Of particular interest, they are located on the cell-surface
as they are likely to be the most accessible to pharmacological
agents and may also be involved in signaling pathways that
regulate angiogenesis!.

In this study for the first time qualitatively and
quantitatively, we analyzed the expression of TEMs (1,
2, 6,7, 7R and 8) in a cohort of colorectal cancer tissues
and correlated these molecules with progression of the
colorectal cancet.
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MATERIALS AND METHODS

Colorectal tissue (cancer and normal) collection

Colorectal tissues (7 = 79) were collected from patients
(with the local Research Ethic Committee approval) from
patients with colorectal cancer immediately after surgical
excision and stored at -20 ‘C until use. The samples consisted
of colon tumor tissue (# = 48) together with normal
background tissue from 31 of these patients, and histological
information from their respective histology reports.

RNA extraction

RNA extraction, reverse transcription Kits and PCR mix
were purchased from Abgene (Surrey, UK). Total RNA
was isolated using the standard guanidine isothiocyanate
according to the manufacturer’s protocol as previously
teported®. The purity and concentration of RNA was
determined by spectrophotometry at 260 and 280 nm.
Reverse transcription was performed and cDNA samples
were synthesized in 20 pl reaction mixtures.

Conventional RT-PCR

Conventional PCR primers were designed using the Beacon
Designer software (CA) and synthesized by Life Technologies
(Paisley, UK). The agarose gel extraction kit was purchased
from Life Technologies. Primer sequences are given in Table
1. Conventional PCR to amplify the transcripts of TEMs
(TEM1-8) was carried out using colorectal cancer and normal
colorectal tissues. The reaction conditions were: 94 C for
5 min, 36 cycles at 94 “C for 40 s, 54 'C for 30's, 72 C for
50 s followed by an extension phase of 10 min at 72 C.
B-actin was used as an internal housekeeping gene. The
PCR products were separated on 2% and 0.8% agarose
gels and stained with 10 pL ethidium bromide prior to
examination and photographing under UV light.

Table 1 Primer sequences for conventional PCR

Primers Sense primer (5" -3’) Antisense primer (5 - 3’)
TEM-1 gtggcttcgagtgttattg gaagagctccggatatttg
TEM-2 agccatgatgaagactttgt cttgaggtcactgttgacg
TEM-6 acccgtgacgtcattttc tgtacttgcttcgagceate
TEM-7 ggagcaggtcacgatgag gtgaaactgceccttgtctt
TEM-7R cttgattggcagtatggagt gagatgtacatggtcccact
TEM-8 catttcaagttgtcgtgaga gacgcatattgttgttgaga

Real-time quantitative polymerase chain reaction (QPCR)
We employed the iCycler iQ) system (BioRad, Cambetley,
UK), to quantify the level (as copies/uL from internal
standard) of TEMs in the colorectal specimens as we have
previously reported!”'!. All colorectal cDNA samples were
simultaneously examined for each of the TEMs (TEM-1, -
2,-6, -7, -7R and -8), along with appropriate set of plasmid
standards and negative controls. Primer sets and probes
used in this technique are given in Table 2.

The detection of TEMs employed a universal probe
system (UniPrimer™) (Intergen, Oxford, England). The
UniPrimer system used two primers in conjunction with a
universal probe (UniPrimer™), which recognized a specific

sequence (z sequence), which had been incorporated into
the primers (Table 2). A hot-start quantitation master mix
(Abgene, Surrey, England) was used for the reactions.

PCR conditions for real-time QPCR were as follows:
95 ‘C for 12 min, followed by 50 cycles at 95 C for 15 s,
55 ‘C for 60 s and 72 C for 20 s.

Table 2 Primer sequences for quantitative PCR

Molecules  Sense primer (5" -3’) Z primer (5’ -3')

TEM-1 cttgeccactgggatgat Actgaacgtgaccgtacaacctatgaatcctctgatgg
TEM-2 agtctcaccttgagtgtget  Actgaacctgaccgtacactcctccacagcatctctta
TEM-6 acccgtgaggtcatttte Actgaacctgaccgtacattcaaccttcccatagtcag
TEM-7 agaacgaccacatcacctt Actgaacctgaccgtacatggagagagttggagtcaa
TEM-7R cttgattggcagtatggagt Actgaacctgaccgtacagtctaccgecttgagaaag
TEM-8 acagggtcctctgeagett  Actgaacctgaccgtacactttcatgecaacttgttt
Statistical analysis

Conventional RT-PCR results were analyzed by the 3 test.
Quantitative data were analyzed using Student’s #test.

RESULTS

Expression of tumor specific endothelial markers TEMs
(TEM1-8) in colorectal cancer tissues

TEM-1, -7, -7R and -8 were found to be overexpressed in
colon cancer tissues compared to normal tissues (P = 0.01,
P =0.04, P=0.03 and P = 0.001, respectively). Conversely,
TEM-2 and -6 expressions were found not to be different
between tumor tissue and normal tissues (P = 0.61 and
P = 0.56) (Figure 1, Table 3).
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Figure 1 RT-PCR analysis revealed over-expression of TEM-1, -7 and -7R
in colorectal cancer (P = 0.01, P = 0.04 and P = 0.03). TEM-8 over-
expression in colorectal cancer was highly significant compared to
normal colon (P = 0.001). No significant differences exist in the expression
of TEM-2 and -6 between normal and cancer colorectal tissues.

Table 3 Expression of TEMs in colon tissues (percentage positive),
using conventional PCR

Normal tissues (%) Tumor tissues (%) p
TEM-1 38 95.5 <0.01
TEM-2 45 58.3 >0.05
TEM-6 35 56 >0.05
TEM-7 15 77.5 <0.04
TEM-7R 12.5 79.5 <0.03
TEM-8 1 85 <0.001
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Levels of expression of TEMs transcripts in different Dukes
stages

We went on to analyze, quantitatively, levels of transcript
of tumor tissues in relation to Dukes staging. The number
of TEM-1 transcripts was highest in Duke B, while the
transcript copies of TEM-2 was significantly high in
Dukes A compared to Dukes C (P<0.05). The level of
expression of TEM-7 and -7R was found to be higher in
Dukes C compared to Dukes A tumors; however, the
difference was not statistically significant. TEM-8 expression
was significantly higher in Dukes C compared to Dukes A
tumors (P = 0.016) (Figure 2).

DISCUSSION

This study investigated for the first time the transcript level
of a newly identified family of TEMs in colorectal cancer
tissues and correlated that with tumor stage, using a
quantitative approach. Previously, TEMs’ (TEM-1 and -9)
expression has been found to be 10-fold higher in tumor-
derived endothelium compared to endothelium derived
from normal tissues”l. These eatly studies have employed
qualitative and semi-qualitative approach including reverse
transcriptase polymerase chain reaction (RT-PCR) and 7
situ hybridization™.

Our study has shown that TEMs are elevated in
colorectal cancer tissues compared to normal background
tissues. Although in the current study TEM-2 and -6 are
expressed at a very high level in colorectal cancer tissues
(Table 3); they may not be clear indicators for assessing the
degree of tumor angiogenesis in colorectal cancer, since
almost over half the normal tissues screened in this study

were also positive for TEM-2 and -6.

On the other hand, TEM-1, -7, -7R and -8 appeared to
be superior TEMs, since their expressions were significantly
higher, and only a tiny proportion of normal tissues were
positive. Although TEMs were initially thought to be specific
only to endothelial cells in tumor tissues®”, our result has
shown that certain TEMs do exist in normal colon mucosa,
notably TEM-2 and -6. This raises some doubts as to the
specificity of these markers when used in assessing tumot-
induced angiogenesis. This concern was also reflected in a
recent study in other tumor types, notably breast cancer!".

The results for TEM-8 in the current study are
interesting, as TEM-8 is almost absent in normal tissues
but there were significantly raised levels in colon cancer
tissues. The extracellular portion of TEM-8 has been shown
to contain a vWF-like A domain containing a metal ion
dependent adhesion site (MIDAS)! . Interestingly, the
vWF-like A domain of TEM-8 has also been termed as
I-domain when present within integrins and it also bears a
close resemblance to a D integrin!>'l, vIWF has been shown
to be an important endothelial marker in angiogenesis,
whereas, integrins are cell adhesion molecules, which facilitate
cell-matrix adhesion. Down-regulation in the assembly of
integrins mediates adhesion complexes that have been
shown to resultin a gain in the invasive potential of a number
of cancer cell types!".

Our study has also shown that, TEM-8 was the only
endothelial marker to be significantly elevated in colorectal
cancer tissues with nodal involvement (Dukes C). Interestingly,
TEM-2 and -6, which have been found highly expressed in
normal colorectal tissues together with colorectal cancer,
are raised in patients who had early stage cancer (Dukes A).
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Figure 2 Real-time quantitative RT-PCR. Shown in the figure are Mean copies/ng mRNA. Levels of expression of TEMs in colon tissues in
tumors with different in different Dukes stages. The number of transcripts of TEM-1 is high in Dukes A and TEM-2 higher in Dukes B tumors.
TEM-6 shows no difference in all three stages (Dukes A, B and C). Dukes C tumor expressed greatest level of TEM-8 (°P = 0.001 vs Dukes A).
Both TEM-7 and -7R shows higher level of expression in Dukes C, however the difference is not significant (P>0.05).
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TEM-8 appears to be unique among the cell surface TEMs
in that its expression has not been detected during other
forms of physiologic angiogenesis in the adult, although
expression has been observed in endothelial cells of the
developing mouse embryol®.

This, together with previous studies strongly indicates
TEM-8 as a potential marker for tumor-specific angiogenesis.
In the light of the recent success of Avastin, a humanized
monoclonal antibody against vascular endothelial growth
factor (VEGF), in prolonging the lives of patients with
metastatic colon cancer!™, it is proposed that TEM-8 may
be a particularly attractive candidate for anti-angiogenic
targeting colorectal cancer.

We conclude that levels of TEM-1, -2 and -7R are higher
in tumors invading through the muscularis propria into
subserosa, or into pericolic or perirectal tissues (Dukes A
and Dukes B). TEM-8, whose expression is associated with
both nodal involvement, and disease progression (Dukes
C), may have significance in the progression and molecular
targeting in human colorectal cancer.
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