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mucosa and tumours. VEGF-B and -D as well as VEGFR-1 and 
-2 expression levels were significantly increased in the tu-
mours when compared to normal mucosa. Patients with liv-
er metastasis, however, had a significantly lower expression 
of the factors A, B, and C and the receptors 2 and 3. MVD in 
primary tumours positively correlated with the expression of 
VEGF ligands and their receptors, except for VEGF-D. LVD did 
not correlate with any VEGF ligand or receptor. Interestingly, 
low expression levels of VEGF-B were associated with poor 
survival.  Conclusion:  Patients with more aggressive meta-
static spreading had relatively decreased expression levels 
of VEGF ligands and receptors. Thus, anti-angiogenic thera-
py may not be a suitable target in metastatic ileal EC cell car-
cinoids. 

 

Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Ileal carcinoids are composed of serotonin-producing 
enterochromaffin (EC) cells and belong to the well-dif-
ferentiated neuro-endocrine carcinomas of the gut  [1] . 
They represent the vast majority of the neuro-endocrine 
tumours of the ileum  [2] . Life expectancy of patients with 
this type of neuro-endocrine cancer is determined by 
metastatic spreading that occurs via lymphatic vessels 

 Key Words 
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 Abstract 

  Background and Aims:  Well-differentiated neuro-endo-
crine ileal carcinoids are composed of serotonin-producing 
enterochromaffin (EC) cells. Life expectancy is determined 
by metastatic spread to the liver because medical treatment 
options are still very limited. Selective inhibition of angio-
genesis or lymphangiogenesis might prevent tumour 
growth and metastatic spread. We examined the role of the 
vascular endothelial growth factors (VEGFs) A, B, C, D, and 
their receptors (VEGFRs) 1, 2, 3 in angiogenesis and lymphan-
giogenesis of ileal EC cell carcinoids with and without liver 
metastases.  Methods:  The expression of various VEGFs and 
VEGFRs was determined by quantitative real-time RT-PCR in 
healthy mucosa, primary tumour, lymph node metastases 
and liver metastases of 25 patients with ileal EC cell carci-
noids. Microvessel density (MVD) was determined by CD-31 
staining in primary tumours and lymphatic vessel density 
(LVD) by LYVE-1 staining. VEGF expression levels, MVD, LVD, 
and patients’ survival time were correlated using logistic re-
gression and Kaplan-Meier survival analysis.  Results:  VEGF-
A was highly expressed with no difference between normal 
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into local and retroperitoneal lymph nodes, and via por-
tal vessels to the liver  [3, 4] . Targeted disruption of estab-
lished lymphatic vessels by extended lymphadenectomy 
improves prognosis of patients with carcinoids and other 
gastro-intestinal tumours such as gastric cancer  [5] , but 
fails to cure carcinoid tumours. Most of these surgical 
treatments act as tumour and lymph node debulking 
 [6] .

  Angiogenesis, lymphangiogenesis, and some of their 
mediators, the family of vascular endothelial growth fac-
tors (VEGFs), have been proven to be important factors 
for metastatic spread and to have a prognostic impact in 
several solid tumours  [7, 8] . VEGF-A, the best-known 
representative of the family, binds to the vascular endo-
thelial growth factor receptors (VEGFRs) 1 and 2 and via 
VEGFR-2 strongly induces endothelial cell proliferation 
mainly of blood vessels  [9] . However, the role of VEGF-B 
and its receptor VEGFR-1 could not be settled finally till 
now  [10] . VEGF-C and VEGF-D, signalling through 
VEGFR-3 and when proteolytically processed through 
VEGFR-2, are not only involved in angiogenesis, but also 
in the development of the lymphatics, as VEGFR-3 is ex-
pressed primarily in lymphatic endothelial cells  [11, 12] . 

  Strong vascularization seems to be a typical feature of 
ileal carcinoids  [13] , so a possible improvement of the 
treatment of ileal EC cell carcinoids by inhibition of an-
giogenesis or lymphangiogenesis needs to be further in-
vestigated. Previous findings in midgut carcinoids using 
immunohistochemistry reported high levels of VEGF-A 
expression  [14] . One study described a poor outcome of 
carcinoids with high VEGF-A expression as well as of 
carcinoids with high microvessel density (MVD)  [15] . In-
triguingly, the opposite has been described in pancreatic 
endocrine tumours, a related tumour entity  [16] . There-
fore, we aimed to examine the presence and distribution 
of subtypes of VEGF ligands, VEGFRs, MVD, and lym-
phatic vessel density (LVD) in ileal EC cell carcinoids in 
detail. We correlated their presence with the survival of 
patients. Our studies reveal that ileal EC cell carcinoids 
express VEGF ligands and receptors partially in large 
amounts such as VEGF-A and partially in quite low 
amounts such as VEGFR-3. Apart from VEGF-D, all 
VEGFs and VEGFRs were associated with blood vessel 
density, but none of them correlated with LVD. High ex-
pression levels of these factors tended to be associated 
with carcinoids lacking haematogenous spread and there 
was a tendency for poor prognosis in low-expressing tu-
mours, which was significant for VEGF-B. So we suggest 
a low outcome of therapies targeting the VEGF family in 
at least metastasized ileal EC cell carcinoids. 

  Materials and Methods 

 Patients’ Characteristics and Specimens 
 The retrospective study included 25 patients with ileal EC cell 

carcinoids diagnosed and treated between 1992 and 2004 at the 
Klinikum rechts der Isar, Technical University of Munich, Ger-
many. All patients gave informed consent. Surgical resection 
specimens were evaluated by two histopathologists. All tumours 
expressed the vesicular monoamine transporter 1, a marker pro-
tein for EC cells. Patients’ and tumour characteristics such as sex, 
age at surgery, additional therapy, TNM status, stage, and grade 
are summarized in  table 1 . TNM staging and grading, using the 
Ki-67 index, was performed following current guidelines for en-
docrine ileal tumours  [17] . As all patients showed lymph node 
metastases at the time of diagnosis, disease stage was at least IIIB. 
Ten patients with liver metastases (M1) had disease stage IV. In 
addition to the primary tumours, tissues for all but 1 lymph node 
metastasis (n = 24) and for all but 2 liver metastases (n = 8) were 
available. Follow-up was performed from the date of surgery until 
April 1, 2007. Dropout was defined as disease-unrelated death 
(n = 1), alive at the point of evaluation (n = 11) or last secure proof 
of life before the point of evaluation (n = 5). None of the patients 
received additional medical treatment before surgery.

Table 1. Patients’ (n = 25) characteristics 

Sex
Men
Women

Age
Mean age at surgery, years
Age range, years

Additional therapy
Chemotherapy
Radiation
Dotatoc
Somatostatin
Interferon
None

Tumor stage
pT1
pT2
pT3
pT4

Lymph node status
N1

Liver metastasis
M0
M1

Disease stage
Stage IIIB
Stage IV

Grading
G1
G2

10
15

59814
35–87

3
0
2
7
3

15

3
10

6
6

25

15
10

15
10

19
6
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  Tissue Preparation 
 Under RNAse-free conditions, formalin-fixed paraffin-em-

bedded tissue samples were sectioned at 10  � m. Sections were 
dewaxed with xylene, rehydrated and stained with haematoxylin. 
Whole tissue or separated areas (tumour or normal mucosa) of 
the section were microdissected to extract total RNA. Tissue 
amounts per slide lay between 50 and 300 mm 2  in most cases. 
Small tumour areas were balanced by an increased number of se-
rial sections used.

  RNA Extraction and cDNA Synthesis by RT-PCR 
 Scraped-off tissue was immersed in 200  � l lysis buffer (Tris/

HCl, pH 8.0; 0.1 mmol/l EDTA, pH 8.0; 2% SDS, pH 7.3) contain-
ing 500  � g proteinase K (Applichem, Darmstadt, Germany) and 
incubated for 16 h at 60   °   C until completely lysed. To avoid poten-
tial problems caused by the use of formalin-fixed paraffin-em-
bedded tissue, we used a classical phenol/chloroform method fol-
lowed by RNA precipitation that allows recovery of short RNA 
fragments. Precipitation was performed with an equal volume of 
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  Fig. 1.  Spearman correlation of MVD with expression of VEGF-A 
( a ), VEGF-B ( b ), VEGF-C ( c ), VEGF-D ( d ), VEGFR-1 ( e ), VEGFR-
2 ( f ), and VEGFR-3 ( g )   in primary tumours (n = 25). MVD was 
calculated as mean of CD-31-positive counts per 1 mm 2 . mRNA 
amounts were determined by quantitative RT-PCR and presented 

as relative expression normalized to 10 6  GAPDH mRNA copies. 
Indicated p values and correlation coefficients were calculated by 
Spearman correlation.  h  Immunohistochemical staining of CD-
31-positive vessels (brown) in a representative primary EC cell 
tumour of the ileum. Magnification  ! 200. 
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isopropanol, 0.1 volume of 3 mol/l sodium acetate and 20  � g car-
rier glycogen (Roche, Mannheim, Germany) at –20   °   C for a mini-
mum of 2 h. Subsequently, the RNA pellet was washed once in 
70% ethanol, dried and resuspended in 20  � l of RNAse-free water. 
The RNA was transcribed into cDNA using Superscript II reverse 
transcriptase (Invitrogen, Karlsruhe, Germany), according to the 
manufacturer’s instructions. Quality of extracted mRNA was 
controlled by photometric measurement (BioPhotometer, Eppen-
dorf, Germany). mRNA was accepted as pure with a 260 nm/280 
nm quotient higher than 1.8.

  Quantitative RT-PCR 
 Quantitative TaqMan �  real-time RT-PCR was performed us-

ing the ABI PRISM 7700 sequence detection system (Applied Bio-

systems, Foster City, Calif., USA) as described previously  [18, 19] . 
A mastermix was prepared on ice using the Absolute TM  QPCR 
ROX Mix (ABgene, Hamburg, Germany), according to the man-
ufacturer’s instructions and mixed with 5  � l of cDNA. Added 
primers and 5 � -FAM/3 � -TAMRA-labelled, fluorogenic probes 
(MWG-BIOTECH AG, Ebersberg, Germany) were designed to lie 
in different exons to skip intron sequences and prevent amplifica-
tion of genomic DNA (sequences are listed in  table 2 ). Reaction 
conditions were 2 min initial incubation at 50   °   C, followed by 15 
min at 95   °   C to activate the hot-start polymerase and continued 
with 40 cycles of 95   °   C for 15 s, 58   °   C for 20 s, and 72   °   C for 30 s. 
All reactions were performed in duplicate. PCR product lengths 
were 62–146 bp. To equalize for different tissue amounts, mRNA 
copy numbers of all genes investigated were normalized to 10 6  
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GAPDH mRNA copies obtained for each tissue sample. The re-
sulting relative copy numbers for each investigated gene were 
used for further analysis. 

  Immunohistochemistry and Determination of MVD 
 Immunohistochemical staining for endothelial CD-31 was 

performed on an automated staining system (Ventana Bench-
Mark; Ventana Medical Systems Tucson, Ariz., USA). Antigen re-
trieval was performed by heating (CC1 mild, Ventana Bench-
Mark). The primary antibody, a monoclonal mouse anti-human 
CD-31 clone JC-70-A (Dako ChemMate, Glostrup, Denmark), 
was incubated at a dilution of 1:   30 for 50 min at room tempera-
ture. Visualization was performed using the avidin-biotin com-
plex method, which yields a brown staining. Haematoxylin (Ap-
plichem GmbH) was used as counterstaining. 

  For LYVE-1 staining, tissue was unmasked by heating in the 
microwave oven for 20 min at 360 W in an antigen unmasking 
solution (Vector, Burlingame, Calif., USA) according to the man-
ufacturer’s instructions. Next, endogenous peroxidase activity 
was quenched by pretreatment with 3% H 2 O 2  for 10 min, followed 
by incubation with 5% normal rabbit serum (Vector) in an avidin 
D solution (Vector) for 15 min and with a goat IgG LYVE-1 poly-
clonal antibody (R&D Systems, Inc., Minneapolis, Minn., USA)  
 diluted 1:   150 in 1% normal rabbit serum for 60 min at room tem-
perature. After further incubation with a biotinylated rabbit anti-
goat antibody (Vector) 10  � g/ml for 25 min and with an ABC kit 
(Vector) for 25 min, immunoreaction was visualized by treatment 
with diaminobenzidine and hydrogen peroxide substrate buffer 
H 2 O 2  (R&D Systems, Inc.). Haematoxylin (Applichem GmbH) 
was used as counterstaining.

  Microvessels were defined on CD31- or LYVE-1-stained slides 
using the method specified by Weidner et al.  [20]  meaning that 
any brown-stained endothelial cell or cell cluster that was clearly 
separated from adjacent microvessels, tumour cells and other 
connective tissue elements was considered a single, countable mi-
crovessel. For each tumour, pictures were taken of at least 20 con-
secutive, unselected fields at a magnification of  ! 200 ( fig. 1 h). 
The number of CD31 or LYVE-1-positive structures in each image 
was counted. The mean MVD and the mean LVD for each tumour 
were calculated as the mean of counts per 1 mm 2 . 

  Statistical Analysis 
 Results are presented as box plots or as mean  8  SEM. Data 

were analysed by the Mann-Whitney rank sum test, Kaplan-Mei-
er survival analysis, Spearman correlation and log rank test for 
survival analysis depending on the data set of concern; p val-
ues  ̂  0.05 were considered to be significant.

  Results 

 Expression of VEGF Ligands and VEGFRs in Ileal EC 
Cell Carcinoids 
 The expression of VEGF ligands and their receptors 

was quantitatively determined in healthy mucosa, prima-
ry tumour and – where available – in matched lymph 
node and liver metastases. VEGF-A expression showed 
no differences between the tissues ( fig. 2 a), but was ex-

pressed at a higher level as VEGF-B and -D. VEGF-B and 
-D expression was found to be significantly increased in 
the primary tumour (p  !  0.001) and in lymph node me-
tastases (p = 0.012 for VEGF-B and p  !  0.001 for VEGF-
D) when compared to normal mucosa ( fig. 2 b, d). In con-
trast, the overall low level of VEGF-C expression was only 
slightly increased in primary tumour tissue and in the 
lymph node metastasis ( fig. 2 c). 

  When analysing the expression patterns of the corre-
sponding receptors, VEGFR-1 was expressed significant-
ly higher, both in primary tumour and lymph node me-
tastases compared to matched normal mucosa samples 
( fig. 2 e, p  !  0.001), while VEGFR-2 expression was sig-
nificantly elevated only in primary tumour tissues ( fig. 2 f, 
p = 0.028). VEGFR-2, with a mean relative expression of 
33,917/10 6  GAPDH mRNA copies  8  9,104 SEM in pri-
mary tumours, was expressed in all about 10- to 20-fold 
higher than VEGFR-1 with a mean relative expression of 
1,865/10 6  GAPDH mRNA copies  8  249 SEM. VEGFR-3 
showed (at a rather low average level) an increased ex-
pression in lymph node metastases, but this was not sta-
tistically significant ( fig. 2 g). Remarkably, there was an 
overall absence of significant differences between the ex-
pression levels in primary tumours and lymph node me-
tastases for all VEGF ligands and receptors. Similarly, 
quite homogenous expression levels in primary tumour 
(n = 10), lymph node metastasis (n = 9), and liver metas-
tasis (n = 8) were also found in the M1 patients’ group 
with liver metastases ( fig. 3 ). Due to the small size of these 
subgroups, statistical calculations have to be interpreted 
with caution.

  Correlation of VEGF and VEGFR Expression with 
MVD and LVD in Primary EC Cell Carcinoids 
 As angiogenesis was the major focus in our study, the 

density of CD-31-positive microvessels per 1 mm 2  in pri-
mary tumours was evaluated as a counterpart of VEGF 
ligand and receptor expression. Comparison between 
vessels in the tumour centre and periphery revealed no 
difference (data not shown). MVD was correlated with 
expression levels of the VEGF ligands ( fig. 1 a–d) and re-
ceptors ( fig. 1 e–g). As expected, all correlations were pos-
itive and statistically significant (p  !  0.01 for VEGF-A,
-B, -C and VEGFR-3, p  !  0.05 for VEGFR-1 and -2), ex-
cept for VEGF-D ( fig. 1 d).  Figure 1 h illustrates the im-
munohistochemical staining of CD-31-positive blood 
vessels in a representative primary tumour.

  Further, LVD was determined in primary tumours by 
LYVE-1 staining ( fig. 4 d), a specific marker for lymphat-
ic endothelial cells  [21] . To investigate the relation of 
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  Fig. 2.  Expression of VEGF-A ( a ), VEGF-B ( b ), VEGF-C ( c ), 
VEGF-D ( d ), VEGFR-1 ( e ), VEGFR-2 ( f ), and VEGFR-3 ( g ) in pri-
mary EC cell tumours (TU), lymph node metastases (LN) and 
matched normal mucosa (MUC) of 25 patients. mRNA amounts 
were determined by quantitative RT-PCR and are presented as 

relative expression normalized to 10 6  GAPDH mRNA copies. 
Boxes represent the 25th, 50th, and 75th percentiles, whiskers the 
10th and 90th percentiles, and filled circles the 5th and 95th per-
centiles. p values are indicated and were calculated by the Mann-
Whitney rank sum test. 

Table 2. Sequences of primers and probes for quantitative RT-PCR analysis

Gene Forward primer Reverse primer Fluorogenic probe

GAPDH 5�-GGGAAGCTTGTCATCAATGGA-3� 5�-CGCCCCACTTGATTTTGG-3� 5�-ATCCCATCACCATCTTCCAGGAGCG-3�
VEGF-A 5�-TACCTCCACCATGCCAAGTG-3� 5�-GATGATTCTGCCCTCCTCCTT-3� 5�-TCCCAGGCTGCACCCATGGC-3�
VEGF-B 5�-CCCTGTCTCCCAGCCTGAT-3� 5�-CGCGAGTATACACATCTATCCATGA-3� 5�-CCCTGGCCACCAGAGGAAAGTGG-3�
VEGF-C 5�-AGGAAAGAAGTTCCACCACCAA-3� 5�-GCCTTCTGGCGGTTCGT-3� 5�-CATGCAGCTGTTACAGACGGCCATG-3�
VEGF-D 5�-CTGGAACAGAAGACCACTCTCATC-3� 5�-CTCGCAACGATCTTCGTCAAA-3� 5�-CAGGAACCAGCTCTCTGTGGGC-3�
VEGFR-1 5�-TCACTGCCACTCTAATTGTCAATGT-3� 5�-AAACGATGACACGGCCTTTT-3� 5�-AAACCCCAGATTTAC-3�
VEGFR-2 5�-CAAGACAGGAAGACCAAGAAAAGAC-3� 5�-GGTGCCACACGCTCTAGGA-3� 5�-TTGCGTGGTCAGGCAGCTCACA-3�
VEGFR-3 5�-GCTGAGACCCGTGGTTCCT-3� 5�-CTATGCCTGCTCTCTATCTGCTCAA-3� 5�-ACGACCTACAAAGGCTCTGTGGACAACCA-3�
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VEGF ligand and receptor expression to lymphangiogen-
esis, LVD was compared with the expression levels. Sur-
prisingly, even the lymphangiogenesis-related ligands 
VEGF-C and -D ( fig. 4 a, b) and VEGFR-3, mainly ex-
pressed on lymphatic endothelium ( fig. 4 c), did not cor-
relate significantly with the lymphatic vessel count, nor 
did the other ligands and receptors.  Figure 4 d demon-
strates a primary tumour with LYVE-1-positive lymphat-
ic vessels. 

  Comparison of M0 Status with M1 Status Regarding 
MVD and Expression of VEGF Ligands and Receptors 
 The prognosis of midgut carcinoids is largely depend-

ing on the presence of metastases in the liver  [6] . There-
fore, we analysed MVD, LVD and expression patterns of 
VEGF ligands and their receptors in the primary tumours 
with special attention to differences between patients 
without liver metastases (M0) and patients with liver me-
tastases (M1) at the time of diagnosis. As depicted in  fig-

ure 5 , primary tumours of patients with liver metastases 
revealed a significantly lower expression level of most li-
gands and receptors (p  !  0.05 for VEGF-A, p = 0.004 for 
VEGF-B and -C, p  !  0.01 for VEGFR-2 and -3). Only the 
reduced expression of VEGFR-1 in the M1 group was not 
significant ( fig. 4 e). However, VEGF-D ( fig. 5 d) was the 
exception with a non-significant increase in M1 primary 
tumours. Interestingly, MVD also tended to be lower in 
primary tumours of patients with liver metastases ( fig. 5 h), 
but the p value of 0.081 did not reach statistical signifi-
cance, while LVD showed no difference between regional 
and distant metastasized primary tumours.

  Comparing the M1 group with the M0 group expres-
sion levels in lymph node metastases, the tendency of all 
VEGF ligands and receptors remained identical (com-
parison not shown). These findings are in accordance 
with the data in  figure 3 . 

  A similar pattern is also found by regarding the tu-
mour diameter (data not shown). Bigger tumours have a 
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  Fig. 3.  Expression of VEGF-A ( a ), VEGF-B ( b ), VEGF-C ( c ), 
VEGF-D ( d ), VEGFR-1 ( e ), VEGFR-2 ( f ), and VEGFR-3 ( g ) in pri-
mary EC cell tumours (TU, n = 10), lymph node metastases (LN, 
n = 9), liver metastases (LM, n = 8) and matched normal mucosa 
(MUC, n = 10). mRNA amounts were determined by quantitative 

RT-PCR and presented as relative expression normalized to 10 6 

 GAPDH mRNA copies. Values are means  8  SEM. p values are 
indicated and were calculated by the Mann-Whitney rank sum 
test.   
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significantly decreased MVD (p = 0.025) and a signifi-
cantly decreased expression of VEGF ligands (p  !  0.05 for 
VEGF-A, p  !  0.01 for VEGF-B and -C) and receptors
(p  !  0.05), except VEGF-D, which here shows an opposite 
tendency.

  Prognostic Relevance of MVD and VEGF Ligands and 
Receptors in Patients with Ileal Carcinoids 
 Another aim of this study was to determine wheth-

er MVD or expression of VEGF ligands and receptors 

could be used for survival prognosis of patients with il-
eal EC cell carcinoids. Kaplan-Meier survival analysis 
was calculated for all VEGF ligands and receptors. But 
most of the parameters were not related to survival (data 
not shown). Only a low VEGF-B expression showed a 
significant relation with poor survival after resection of 
the carcinoid ( fig. 6 b, p = 0.017), while VEGF-A expres-
sion barely missed significance ( fig. 6 a). Further, MVD 
and LVD were of no prognostic relevance (data not 
shown).
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  Fig. 4.  Spearman correlation of LVD with expression of VEGF-C 
( a ), VEGF-D ( b ), and VEGFR-3 ( c )   in primary tumours (n =
25). LVD was calculated as mean of LYVE-1-positive counts
per 1 mm         2 . mRNA amounts were determined by quantitative
RT-PCR and presented as relative expression normalized to 10 6  

GAPDH mRNA copies. Indicated p values and correlation coef-
ficients were calculated by Spearman correlation.  d  Immunohis-
tochemical staining of LYVE-1-positive vessels (brown) in a rep-
resentative primary EC cell carcinoid of the ileum. Magnification 
 ! 200.   
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  Discussion 

 Ileal EC cell carcinoids are characterized by the devel-
opment of lymph node as well as liver metastases, but the 
molecular mechanism underlying this process has not 
been characterized so far. A possible mechanism is the 
secretion of angiogenic factors by tumour cells, allowing 
the formation of capillary vessels during tumour inva-
sion for the nutrition of the tumour, but also lymphatic 
vessels necessary for lymph node metastasis  [22] . We 
therefore aimed to identify the role of angiogenic and 
lymphangiogenic factors involved in the process of dis-
tant spreading for ileal EC cell carcinoids. The expression 
levels of different angiogenic ligands and receptors were 
determined by semi-quantitative RT-PCR and expression 
was correlated with MVD, LVD, as well as with patients’ 
survival. It has to be mentioned that ileal mucosa mainly 
consists of non-endocrine cells, and thus, a comparison 

between different cell types may not be exact. However, 
we matched the expression of the factors in different tis-
sues of each patient, allowing an individual comparison 
of basal expression in ileal mucosa versus tumour or met-
astatic tissue. 

  VEGF-A is a member of the VEGF family that ac-
counts for the induction of angiogenesis via VEGFR-1 
and -2  [9] . VEGF-A expression has been detected in nu-
merous solid cancer tissues, and monoclonal antibodies 
against VEGF-A such as Avastin are widely used in clin-
ical practice, especially in macula degeneration  [23]  and 
colorectal cancer  [24] . In our current work, we detected a 
comparably high expression of VEGF-A in ileal EC cell 
carcinoids, consistent with previous findings using im-
munohistochemistry in carcinoids of varying origin  [14, 
15, 25] . Additionally, VEGF-A expression showed a close 
positive correlation to MVD. Therefore, VEGF-A may in-
deed be important for vascularization of these tumours 
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  Fig. 5.  Comparison of primary tumours originating from patients 
without liver metastases (M0, n = 15) with tumours of patients 
with liver metastases (M1, n = 10) regarding expression levels of 
VEGF-A ( a ), VEGF-B ( b ), VEGF-C ( c ), VEGF-D ( d ), VEGFR-1 ( e ), 
VEGFR-2 ( f ), VEGFR-3 ( g ), and MVD ( h ). Expression was deter-
mined by quantitative RT-PCR and is shown as relative expression 

normalized to 10 6  GAPDH mRNA copies. MVD was calculated 
as mean of CD-31-positive counts per 1 mm 2 . Boxes represent the 
25th, 50th, and 75th percentiles and whiskers the 5th and 95th 
percentiles. p values are indicated and were calculated by the 
Mann-Whitney rank sum test.       
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corresponding to the findings of Zhang et al.  [15] , while 
other studies could not prove an association of VEGF-A 
and microvessel growth  [14, 25] . The influence of VEGF-
A on lymphangiogenesis is not quite clear. Some studies 
indicate a lymphangiogenic effect of VEGF-A through 
VEGFR-2 expressed in lymphatic endothelial cells  [26] , 
while others point out the opposite  [27] . However, our 
findings did not reveal any relation of VEGF-A to LVD. 
Furthermore, VEGF-A expression did not significantly 
correlate to patients’ survival, even if there has been a 
tendency to poorer outcome at low levels, a trend that cor-
responds to the significant decrease in VEGF-A expres-
sion in ileal EC cell carcinoids with hepatic spread. In 
contrast to our results, Zhang et al.  [15]  proved an asso-
ciation of high VEGF-A with poor prognosis in neuro-
endocrine tumours with mixed origin, while other stud-
ies found no correlation of VEGF-A with tumour ma-
lignancy  [14, 25] . Overall, it appears that VEGF-A is 
important for vascularization in ileal EC cell carcinoids, 
but does not appear to be a specific target, as it is also 
highly expressed in normal mucosa and downregulated 
in tumours with distant metastases. 

  VEGF-B acts as a selective ligand of VEGFR-1 and is 
detectable in most tissues and organs  [28, 29] , and many 
neoplasms  [30] . The exact function of VEGF-B in vivo is 
still unknown  [31] . Some investigators suggest a lacking 
pro-angiogenic function of VEGF-B  [32–34] , while oth-
ers found a positive influence on angiogenesis  [10, 35–38] . 
Recent investigations indicate a potent anti-apoptotic ef-
fect of VEGF-B by downregulation of apoptosis and cell 
death-related proteins  [39] . In our study, we found that 
VEGF-B was expressed at a low level, but significantly 
enhanced in tumour tissue of primary ileal EC cell carci-
noids and lymph node metastases in contrast to normal 
mucosa, suggesting that VEGF-B expression might play 
a role in local tumour development. This finding corre-
sponds to observations in other carcinomas, which had 
higher VEGF-B levels than the corresponding normal 
tissue, e.g. colon carcinoma  [40] . In our study, the clear 
positive correlation to MVD indicates a possible connec-
tion of VEGF-B to angiogenesis, while the lacking corre-
lation to LVD confirms the widespread opinion of an ab-
sent lymphangiogenic role of VEGF-B  [10, 12, 31] . All tu-
mours had at least regional lymph node metastases, so a 
possible association of lymphatic metastases with VEGF-
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  Fig. 6.  Kaplan-Meier survival curve correlating patients’ survival with high versus low expression of VEGF-A 
( a ) (low n = 16, high n = 9, cut-off at 55,000 mRNA copies/10                 6  GAPDH mRNA copies) and VEGF-B (     b ) (low
n = 16, high n = 9, cut-off at 45,000 mRNA copies/10   6  GAPDH mRNA copies) in primary tumours. Survival 
time is presented in months after resection. Analysed with survival log rank. 
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B expression, like in colorectal cancer  [41] , could not be 
analysed. But there was a significant downregulation of 
VEGF-B in tumours with distant metastases. Conse-
quently, considering targeted therapy in the context of 
increased VEGF-B expression in ileal EC cell carcinoids 
has to be scrutinized regarding the influence of distant 
metastases and the negative correlation of low expression 
levels with survival. 

  VEGF-C, a member of the VEGF family, has lym-
phangiogenic potential through VEGFR-3 and acts after 
proteolytic processing through VEGFR-2  [12, 42] . Com-
pared to the other VEGF ligands, VEGF-C levels were 
quite low, showed no significant increase in neoplastic 
tissue and decreased with distant metastases. Although a 
positive correlation between VEGF-C expression and 
lymph node metastasis and a prognostic impact of VEGF-
C have been described by several groups for several can-
cer types (see review in Duff et al.  [43] ), we found no cor-
relation between VEGF-C and LVD or survival. Howev-
er, high VEGF-C expression was associated with high 
MVD, indicating a possible angiogenic function in ileal 
EC cell carcinoids.

  Furthermore, VEGF-D has been shown to stimulate  
 tumour angiogenesis, lymphangiogenesis, and tumour 
progression through interaction with VEGFR-3 and –af-
ter processing – VEGFR-2 on blood and lymphatic vessel 
endothelial cells  [9, 42, 44, 45] . Production of VEGF-D by 
tumour cells has been reported in numerous other cancer 
tissues, such as gastric  [46]  or colorectal cancer  [47] . We 
found an increased production of VEGF-D in primary 
tumours and lymph node metastases compared to nor-
mal mucosa. In contrast to the other VEGF ligands, 
VEGF-D expression revealed no difference with raising 
malignancy, and did not correlate with MVD. Addition-
ally, this ligand did not show any relation to LVD or prog-
nostic relevance, raising the question of its function in 
the ileal EC cell carcinoids. One possible answer may
be an autocrine activation of VEGFR-2 by VEGF-D, as 
VEGFR-2 can be located on the surface of endothelial 
cells or of the tumour cell itself  [48] .

  The VEGFRs as targets for these ligands and media-
tors of angiogenesis or lymphangiogenesis were also in 
the centre of attention of our study. Furthermore, they 
have already been therapeutically focused in clinical tri-
als  [49] . 

  The role of VEGFR-1, a receptor for VEGF-A and -B 
mainly located on endothelial cells, remains poorly un-
derstood. Some studies limit its function to a decoy re-
ceptor for VEGF-A without signalling power, others sug-
gest a direct impact in pathological angiogenesis  [10] . 

Causal for these contradictory findings may be the dif-
ferences in phosphorylation of the receptor tyrosine ki-
nases altered by the different ligands  [50] . Although in 
our study there has been a significant elevation in neo-
plastic tissue and a correlation to MVD, expression levels 
of VEGFR-1 were very weak and had no prognostic rel-
evance, questioning its therapeutic influence in ileal EC 
cell carcinoids. In line with this are previous findings 
 [25] , which did reveal a partial expression on ileal carci-
noids by immunohistochemistry, but could not associate 
MVD, tumour malignancy, or prognosis with VEGFR-1 
expression.

  VEGFR-3 binds VEGF-C and -D preferentially and is 
an important mediator of lymphangiogenesis  [31] . In our 
study, VEGFR-3 occurred mainly in lymph node metas-
tases, corresponding to the normally quite restricted lo-
cation of VEGFR-3 on lymphatic vessels  [42, 44] . The sur-
prising lack of correlation with LVD and existing asso-
ciation with MVD may indicate VEGFR-3 co-expression 
with VEGFR-2 on blood vessel endothelia, as found in 
other tumours  [12] , since LVD levels were clearly lower 
than MVD in the examined tumours. So, a therapeutic 
approach targeting the blockade of VEGFR-3 for restrict-
ed inhibition of lymphangiogenesis does not seem prom-
ising.

  VEGFR-2, a receptor of VEGF-A and proteolytically 
processed VEGF-C and -D, is involved integrally in pro-
liferation and migration of blood vessel endothelial cells 
 [31] . Corresponding to previous findings  [25] , in our 
study, the expression of this receptor was increased sig-
nificantly in primary tumours compared to normal mu-
cosa, but, in contrast, strongly correlated with MVD. Ad-
ditionally, the remarkable high absolute level of VEGFR-
2 may indicate the additional localization of the receptor 
on the surface of the tumour cells and the possibility of 
an autocrine loop  [48, 51] . Anyway, the decreased expres-
sion in tumours with distant metastases and the lacking 
influence on patients’ survival suggest a limited thera-
peutic impact in advanced ileal EC cell carcinoids consis-
tent with a non-randomized phase II study with suni-
tinib, an oral tyrosine kinase inhibitor with activity 
against VEGFRs and other receptors, which could not 
definitely define its activity against advanced carcinoid 
tumours  [49] .

  Angiogenesis is necessary for tumour growth beyond 
a critical size of about 1 mm3  [52] . In line with Zhang et 
al.  [15]  and in contrast to La Rosa et al.  [25] , in our study 
the density of CD-31-positive vessels positively correlated 
with the expression of VEGF ligands and their receptors, 
except for VEGF-D. This observation corresponds to the 
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al.  [54]  regarding high MVD as a marker of differentia-
tion in neuro-endocrine digestive tumours. 
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a prognostic impact in this study. Consequently, although 
angiogenesis is essential for tumourigenesis, an anti-an-
giogenic therapy targeting the VEGF ligand and receptor 
family does not seem promising for advanced ileal EC cell 
carcinoids.
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