
Abstract. Aim: To determine whether concentrations of the
angiogenic growth factors hepatocyte growth factor (HGF)
and vascular endothelial growth factor A (VEGF-A)
correlate with clinical and genetic markers in samples taken
at diagnosis in children with neuroblastoma (NB). Patients
and Methods: Heparin plasma (P-) and serum (S-) samples
of healthy controls (n=73, mean age ± SD 3.5±2.1;
females/males: 23/50) and patients with NB (n=62; 2.2±1.8;
26/36) were collected between 1988 and 1999. Clinical data
included age at diagnosis, gender, stage, outcome,
amplification of the oncogene MYCN, loss of heterozygosity
at the short arm of chromosome 1 (1p LOH) and ploidy.
Results: HGF and S-VEGF-A were elevated in NB as
compared to controls (38/62 patients, p<0.0001 and p<0.05,
Mann-Whitney U test). HGF concentrations were higher in
high-stage (stage 3-4) as compared to low-stage (stage 1-2)
disease (p<0.01). P-HGF was elevated in patients with 1p
LOH (p<0.01), MYCN amplification (p<0.001) and di- or
tetraploidy (p<0.001). S-HGF concentration was elevated
in patients MYCN-amplified tumors only. Plasma and S-

HGF concentrations were higher in the deceased group
(p<0.05), but not P or S-VEGF-A. Conclusion: This study
showed that concentrations of HGF and S-VEGF-A are
elevated in patients with NB. Furthermore, HGF and S-
VEGF-A concentrations correlate to higher stage disease
and HGF correlates to genetic markers known to indicate a
poor outcome. These observations imply that HGF and
VEGF-A have biological roles in NB and suggest the
possibility of interference with HGF or VEGF-A signaling
as a therapeutic strategy. 

Neuroblastoma (NB) is a childhood tumor emerging from
immature cells in the sympathetic nervous system. NB
exhibits unique biological and clinical heterogeneity
among human carcinomas in that it ranges from an
aggressive tumor with high mortality to a tumor that
spontaneously differentiates into a benign ganglioneuroma
(GN) and that may even undergo complete regression
despite extensive metastases. Important negative
prognostic markers are age over one year at onset (1),
advanced tumor stage (2), amplification of the MYCN
oncogene (3), loss of heterozygosity on the short arm of
chromosome one (1p LOH), coding for a putative tumor
suppressor gene (3) and diploidy (4). High-risk NB has a
long-term survival rate of less than 40%  despite intensive
treatment protocols involving high-dose chemotherapy,
usually with bone marrow rescue, aggressive surgery and
radiotherapy (5, 6). Therefore, new treatment strategies are
needed for this malignancy. 

Angiogenesis, i.e. new blood vessel formation, is a
prerequisite for the growth and metastasis of solid tumors (7,
8). Angiogenesis is induced and maintained by angiogenic
growth factors, of which more than 20 are known (9).
Angiogenic growth factors are secreted or induced by the
tumor cells. Vascular endothelial growth factor A (VEGF-A)
is present in conditioned media from human NB cell lines
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(10), as well as in biopsy specimens from tumors (11).
Elevated concentrations of VEGF-A in serum have been
reported in patients with a variety of adult tumors, e.g.
breast, colon and gastric cancer (12), and in children with
solid tumors (13). In a recent study, we observed that
concentrations of angiogenic growth factors were frequently
elevated in a series of consecutive serum samples from
children with cancer (14). In a study conducted by Hecht
and co workers, it was shown that hepatocyte growth factor
(HGF) stimulates the invasion of NB cells both in vitro and
in vivo (15). The crucial role of HGF and c-Met in the
progression of epithelial tissue-derived malignancies of
adults is well established (16). However, less information is
available on the role of role of HGF-c-Met in pediatric solid
malignancies which most often are derived from soft tissue.
Therefore, we decided to analyze patterns of HGF and
VEGF-A expression in a multicenter study using serum and
plasma samples taken at diagnosis in children with NB, and
to assess their correlation with clinical and genetic markers.

Patients and Methods

Healthy controls and patients. Controls below eight years of age
with serum and heparin plasma samples available were selected
from a more extensive study (17). The controls were children
undergoing minor surgical or diagnostic procedures (e.g. inguinal
hernia repair, urethrocystoscopy, circumcision, extraction of
internal fixation material) and were recruited from our Outpatient
Surgery Unit at the University Children’s Hospital, Uppsala
between June 1998 and March 1999. Patient samples were
obtained from the frozen (–70˚C) stock of plasma and serum
samples from 62 patients with NB referred to one of the four
regional Swedish Pediatric Oncology Centers in Sweden between
1988 and 1999: Stockholm (n=39), Uppsala (n=30), Gothenburg
(n=7) and Lund (n=5). Thirty serum and 39 plasma samples,
taken at diagnosis, were available. Data from 17 of the serum
samples have also been used in a separate study of angiogenic
growth factors in childhood malignancies. One 19-year-old girl
with a secondary NB following liposarcoma therapy and one
newborn girl with stage 4S NB and excessive levels of HGF
(>80,000 pg/ml) were excluded from the study. Clinical data
extracted from the hospital records included age at diagnosis,
gender, stage according to the International Neuroblastoma
Staging System (INSS) (18), treatment and outcome. Some, but
not all, tumor specimens were analyzed in ancillary studies: MYCN
amplification was detected using Southern blot analysis (19)
during 1987 to 1992, followed by interphase fluorescent in situ
hybridization (FISH) in 1992-1999 (20); 1p LOH was detected
using polymerase chain reaction (PCR) (21) and ploidy was
determined by image flow cytometry (22). The patients were
treated according to the European protocol in use at the time. 

Sample handling. Peripheral venous blood samples were collected
using Vacutainer® 2 and 5ml serum tubes without additives (BD,
Franklin Lakes, NJ, USA) or 2 and 5 ml sodium-heparin tubes
(BD). The samples were handled according to the standard protocol
in use at the respective hospital, i.e. the samples were sent to the

Clinical Chemistry Department and centrifuged at 1,300×g for 
10 min, and the supernatant was divided into aliquots. Samples
arriving from hospitals other than the University Children’s Hospital
were transported on dry ice. The samples were stored at –70˚C until
processed further. 

Analysis of samples. The samples were analyzed using
commercially available ELISA kits (R&D Systems, Minneapolis,
MN) for HGF (DHG00) and VEGF-A (DVE00). Assays were
performed in accordance with the manufacturer’s guidelines. Since
in some cases the sample volume was small, VEGF-A was given
priority in the analysis and HGF was determined subsequently.
Thus, in some cases, only one of the two angiogenic growth factors
was assayed. 

Statistical analysis. All data were collected in FileMaker Pro 4.0
(FileMaker Inc, Santa Clara, CA, USA) and then analyzed in
STATISTICA 6.0 (StatSoft Inc., Tulsa, OK, USA).The Mann-
Whitney U-test was used for comparisons between groups. Linear
correlations were tested using the Spearman rank correlation
coefficient. The 97.5th percentiles of the controls used as the upper
reference values were calculated in accordance with guidelines from
the International Federation of Clinical Chemistry (IFCC) (23),
applying a non-parametric bootstrap procedure (24) using the
RefVal 4.0 program (25). Linear regression analysis was used to test
for covariation with age and gender. When covariation was found,
the control variables were added to the regression with group-
specific intercepts. Impact on the probability of survival was tested
using the log-rank test of Kaplan-Meier estimates.

Results

Controls and patients. Seventy-three controls (mean age ±
3.5±2.1 years, range 0.58-7.6; females/males: 23/50) were
recruited. The clinical data for all patients are given in Table
I. No patient was lost to follow-up. 

Concentrations of HGF and VEGF-A. Multiple linear
regression analysis showed that age (coefficient [SE] –27.0
[9.6], p<0.01) and female sex (90.2 [43.3], p<0.05) correlated
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Table I. Clinical data on patients and tumors.

NB (n=62)

Age, years: mean±SD (range) 2.2±1.8 (0-6.8)
Gender: female/male 26/36
Stage* (NB): 1/2A-B/3/4/4S 7/12/9/30/4
MYCN amplification: present/absent/N.D. 20/36/6
1p LOH: present/absent/N.D. 17/25/20
Ploidy: 2n/3n/4n/5n/6n/N.D. 16/8/3/3/1/31
Follow-up, years: median (range)† 10.3 (3.3-16.0)
Deaths 24 (39% )

*Stage classification according to INSS. †Survivors. 1p LOH, loss of
heterozygosity of the short arm of chromosome one; N.D., not
determined.



significantly with the P-HGF concentration (r=0.39, intercept
524.8 pg/ml [38.1], p<0.0001, n=60). No age or gender
correlation was found with any of the other variables tested
(data not shown). The concentrations of HGF and VEGF-A in
the controls and patients are given in Table II and Figure 1A-D.
The upper reference values (pg/ml) at the estimated 97.5th
percentile were as follows: P-HGF 850.2, S-HGF 1196.8, 
P-VEGF-A 228.9, and S-VEGF-A 720.6. The plasma and 
S-HGF concentrations were elevated in NB (p<0.0001 and
p<0.01) as compared to controls (Figure 1A-B, Table II). In
44.0%  (29/66) of the NB samples, concentrations above the
upper reference value were found. By adding intercepts to the
linear regression analysis specified above, it was confirmed that
patients with NB had elevated concentrations of P-HGF (data
not shown). The serum, but not plasma, VEGF-A
concentrations were elevated in NB patients as compared to
controls (p<0.05, Figure 1C-D; Table II). A total of 13%
(9/69) of the NB samples showed VEGF-A concentrations
exceeding the upper reference value. 

Correlation with stage and genetic markers. The mean P- and
S-HGF concentrations were higher in high-stage (stage 3-4)
disease (P-HGF 1636.6±1543.5 pg/ml; S-HGF 1520.8±986.5
pg/ml) than in low-stage (stage 1-2) (552.4±262.2 pg/ml,
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Table II. Plasma and serum concentrations of HGF and VEGF-A.

(pg/ml) Controls NB P-value*

P-HGF 459.0±160.4 1283.9±1357.3 <0.0001
n=60 50.0%  (18/36)

S-HGF 523.5±265.4 1146.6±835.4 <0.0001
n=54 36.7%  (11/30)

P-VEGF-A 65.8±58.6 79.5±112.6 N.S.
n=69 5.1%  (2/39)

S-VEGF-A 248.4±167.5 432.1±353.6 <0.05
n=56 23.3%  (7/30)

Mean±SD and proportion of elevated samples (over 97.5th percentile,
see text for details). *Mann-Whitney U-test. N.S., not significant; P,
plasma; S, serum. 

Figure 1. Plasma (A, C) and serum (B, D) concentrations of HGF (A-B) and VEGF-A (C-D) vs. age. All samples taken at diagnosis. Upper reference
values (see text for details) for controls are plotted (- - -). Symbols: Controls (+) and neuroblastoma (��). 



p<0.01, and 704.±390.9 pg/ml, p<0.01, respectively, Mann-
Whitney U-test). The concentrations of VEGF-A were not
higher in high- compare to low-stage disease (data not
shown). A trend for increasing P-HGF (r=0.41, p<0.05;
Spearman rank order correlation), S-HGF (r=0.46, p<0.05)
and S-VEGF-A (r=0.23, p=0.06) with stage was found
(Figure 2A-D). Plasma HGF was elevated in patients with the
negative prognostic markers 1p LOH (p<0.01), MYCN
amplification (p<0.001) and di- or tetraploidy (p<0.001). S-
HGF was elevated in tumors with MYCN amplification (Table

III). Neither P- nor S-VEGF-A was increased in any of the
other groups compared, but the analysis was hampered by the
small number of serum samples. 

Correlation with outcome. Univariate analysis using a log-
rank test of Kaplan-Meier estimates confirmed that age over
one year, metastatic disease, MYCN amplification, 1p LOH
and di- or tetraploidy were negative prognostic markers
(Table IV) compared with the surviving group. Plasma HGF
(1752.4±1190.7 vs. 1004.1±1429.5 pg/ml, p<0.01) and S-
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Figure 2. Correlation of P-HGF (A) (r=0.41, p<0.05, n=36, Spearman rank order correlation), S-HGF (B) (r=0.46, p<0.05, n=30, SR), P-VEGF-A
(C) (r=0.27, p>0.05, n=39) and S-VEGF-A (D) (r=0.23, n=30, p=0.06) with stage in NB. Upper reference values (see text for details) for controls
are plotted (- - -). Symbols: alive, not MYCN amplified or not analysed (��); alive, amplified (��); dead, not amplified or not analysed (�); dead,
amplified (�); mean (–).



HGF (1652.6±1040,2 vs. 895.6±439.5 pg/ml, p<0.05) were
higher in the deceased group, while no difference was seen
in P or S-VEGF-A (data not shown). Splitting the sample by
the upper quartile indicated that a high P HGF was a negative
prognostic marker (p<0.01, log rank test) (Table Figure 3). 
Samples taken during clinical course. In four patients, both
samples taken at diagnosis and samples taken preoperatively,
after the induction chemotherapy, were available. The
concentrations of both HGF and VEGF-A in the serum
samples tended to be lower after the induction therapy than at
diagnosis (Figure 4, p=0.065, Wilcoxon matched pairs test). 

In one patient, plasma samples were taken at surgery, both
from the radial artery and from a tumor vein. The
concentrations of P-HGF and P-VEGF-A were 3-4 times
higher in the tumor vein sample than in the simultaneously
drawn arterial blood sample (Figure 5). 

Discussion

Angiogenic growth factors have been identified and measured
in serum, plasma, and urine from adult patients with a variety
of cancer types (26). A panel of angiogenic growth factors,
including VEGF-A, B, and C, basic fibroblast growth factor,
and others have been found to be expressed in a variety of
NB cell lines and tumors (11). In a study conducted by Hecht
et al., it was also shown that HGF stimulates invasion of NB
cells both in vitro and in vivo, a property that leads to rapid
tumor progression to advanced stages and consequently to
poor prognosis (15). We chose to assay the concentrations of
HGF and VEGF-A in a collection of plasma and serum
samples from NB patients, since we had observed high
concentrations of VEGF-A in conditioned media from human
NB cells, as well as expression of VEGF-A protein and
VEGF-A mRNA in xenotransplanted human NB tumors (27).
We had also noted high concentrations of HGF in sera from
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Figure 3. Kaplan-Meier survival plot. Survival stratified by the upper
quartile of P-HGF in patients (n=36, p<0.01, log-rank test) with
neuroblastoma. Note the decreasing survival associated with a P-HGF
higher than the upper quartile (1150 pg/ml).

Table III. HGF, VEGF-A and genetic markers in neuroblastoma.

1p LOH MYCN amplification Ploidy

(pg/ml) – + P-value <3 >10 P-value 2n, 4n 3n, 5n, 6n P-value

P-HGF 806.3±483.7 1535.2±1052.5 <0.01 710.9±487.6 1593.3±1051.2 <0.001 1416.8±963.5 591.4±196.1 <0.01
n=17 n=11 n=20 n=13 n=16 n=6

S-HGF 958.9±543.4 1808.3±1525.2 N.S. 911.1±602.8 1704.5±602.8 <0.05 1221.6±1321.8 950.4±484.6 N.S
n=10 n=4 n=21 n=6 n=3 n=6

P-VEGF-A 57.2±62.0 103.0±132.5 N.S. 71.3±109.7 96.4±125.2 N.S. 83.7±108.4 48.0±43.9 N.S.
n=17 n=14 n=20 n=16 n=18 n=7

S-VEGF-A 462.1±444.7 469.3±403.0 N.S. 410.1±308.7 384.6±354.5 N.S. 504.7±386.4 407.5±249.7 N.S.
n=10 n=4 n=21 n=6 n=3 n=6

Mean±SD. Significance tested using Mann-Whitney U-test. N.S., not significant; P, plasma; S, serum; 1p LOH, loss of heterozygosity of the short
arm of chromosome one. 

Table IV. Negative prognostic factors in univariate analysis.

Factor Variable P-value

Age Over 1 year of age (n*=62) 0.0016
Gender Female vs. male (n=62) 0.64
Stage 1-2 vs. 3-4* (n=55) 0.0001
MYCN <3 vs. >10 copies (n=53) 0.0015
1p LOH Present vs. absent (n=39) 0.0035
Ploidy 2n, 4n vs. 3n, 5n, 6n (n=31) 0.0052
HGF P-HGF > upper quartile (1150 pg/ml) (n=36) 0.00034

S-HGF > upper quartile (1465 pg/ml) (n=30) 0.13
VEGF-A P-VEGF-A > upper quartile (81 pg/ml) (n=39) 0.64

S-VEGF-A > upper quartile (631 pg/ml) (n=30) 0.39

Significance tested with the log-rank test of Kaplan-Meier estimates.
*Stage 4S excluded. P, plasma; S, serum; 1p LOH, loss of
heterozygosity of the short arm of chromosome one.



children with a broad variety of carcinomas (14). HGF is a
92 kDa heterodimer that stimulates cellular proliferation and
angiogenesis through activation of the c-Met tyrosine kinase
receptor (28). In different studies, 36%  of breast cancer
patients (29), 40%  of multiple myeloma patients (30) and
34%  of gastric cancer patients (31) exhibited elevated
concentrations of HGF. In our study, 46%  of the NB patients
had HGF concentrations above the cut-off value, and the P-
HGF concentrations correlated with both tumor stage and
survival. It would seem that HGF is an important angiogenic
growth factor in neuroblastoma. With the advent of HGF
antagonists, it is tempting to speculate whether therapeutic
interference with the HGF/c-Met pathway might be just as
efficient an antitumor strategy in NB as interference with the
VEGF-A/KDR pathway seems to be in other types of cancer
(27, 32, 33). VEGF-A is perhaps the most extensively studied
of the angiogenic growth factors. The originally isolated
VEGF-A is part of a ligand family currently consisting of six
related proteins (VEGF-A, B, C, D, and E; and PlGF) (34).
In adults, circulating VEGF-A is elevated in a variety of
malignant diseases, e.g. metastatic nasopharyngeal carcinoma
(34), breast, colorectal, ovarian and renal carcinoma (26).
The VEGF-A gene is expressed in a hypoxia-inducible
fashion in clinical neuroblastoma and in cell lines and the
protein is expressed by human neuroblastoma cell lines (10,
35). In homogenized tumor tissue, VEGF-A mRNA and
protein are detectable in NB (35), Wilms’ tumor (36) and
pediatric brain tumors (37). VEGF-A was found to be
elevated in children with solid malignancies (13) and it has
also been reported to correlate with a poor outcome in
children (38). We have also observed increased serum
concentrations of HGF and VEGF-A patients with

nephroblastoma (39), and in the present study we have
confirmed our previous finding that the concentrations of S-
VEGF-A were elevated in 17 patients with NB (14). Since
VEGF-A is thought to be transported in platelets, a platelet-
free plasma sample might not properly reflect the VEGF-A
content in the circulation (40). This may explain why VEGF-
A was not higher in plasma samples than in controls. We
recommend that serum samples be used to measure
circulating VEGF-A in patients. Many prognostic factors are
known in NB, e.g. MYCN amplification, 1p LOH and ploidy
(41). We found that P-HGF was higher in tumors with MYCN
amplification, tumors with 1p LOH and di- or tetraploid
tumors. The lack of correlation between S-HGF and genetic
markers might be due partly to the small sample size. These
results indicate that HGF might be interesting as a prognostic
factor, but larger studies are needed to determine whether
HGF can serve as an independent prognostic factor.
Interference with VEGF-A signaling in experimental NB is
associated with a 65%  reduction of the tumor growth rate
(27). Surprisingly, no correlation was found between VEGF-
A and any of the prognostic factors mentioned above. Either
VEGF-A is not a key angiogenic growth factor in advanced
NB, or its paracrine action in combination with its short half-
life in the circulation leads to an underestimation of its
biological importance. 

It was recently demonstrated that overexpression of HGF
and the HGF receptor (c-Met) was associated with a high
risk of metastasis and recurrence in children and young
adults with papillary thyroid carcinoma (42), and HGF has
been found to be expressed in tissue from Wilms’ tumor
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Figure 4. Serum concentrations of HGF (- - + - -) and VEGF-A (–��–)
at diagnosis and preoperatively, after induction therapy, in four patients
with neuroblastoma (p=0.065, Wilcoxon matched pairs test). 

Figure 5. Concentrations of HGF (- -+- -) and VEGF-A (–��–) in
samples taken from a 3-month-old girl with a stage 1 neuroblastoma.
Samples taken during surgery, from the radial artery and from a tumor
vein. The concentrations of HGF and VEGF-A are several times higher
in the sample from the tumor vein than those from the peripheral artery.



(43). In our study, both P- and S-HGF concentrations were
higher in the patients with disseminated disease and a P-
HGF concentration above the median was a predictor of
tumor-related death. The stage 4S tumors are a special NB
subset with initial dissemination followed by spontaneous
regression or differentiation to benign GN. High vascularity
has been noted (44, 45) in this subset of NB patients. In the
current study, only two plasma and two serum samples were
available from patient with 4S tumors. We noted, however,
that S-VEGF-A was exceptionally high in two patients with
disseminated disease (Figure 2D). In one 4S patient who was
excluded from the study because of a suspected falsely high
HGF, the S-VEGF-A level was also exceptionally high.
These observations merit further analysis of samples from
the 4S subgroup and such an endeavor is currently underway. 

Angiogenesis is not a malignancy-specific process. Indeed,
benign tumors also require angiogenesis to grow (46).
Alternative explanations for the increased concentrations of
HGF and VEGF-A observed must not be overlooked, since
HGF is elevated in inflammatory lung disease, for example
(47), and VEGF-A in juvenile Crohn’s disease, for instance
(48). This means that elevated concentrations of angiogenic
growth factors in the circulation cannot distinguish benign
from malignant tumors, nor neoplastic from non-neoplastic
disease. In order to ascertain whether concentrations of
angiogenic growth factors such as HGF and VEGF-A can be
used to monitor disease activity or not, multiple longitudinal
samples would have to be collected from a large number of
patients. HGF has been studied in this respect in multiple
myeloma by Seidel et al. (30), who found high
concentrations at diagnosis, a reduction in response to
treatment, and a further rise at relapse. In our few longitudinal
serum samples from patients with NB, HGF and VEGF-A
tended to fall during induction therapy. These results must be
interpreted with caution, since few samples were available,
and this issue should preferably be addressed in a prospective
clinical investigation. The concentrations of angiogenic
growth factors in the peripheral circulation may not reflect
the intratumoral biology. Fuhrmann-Benzakein et al. (49)
found that P-VEGF-A concentrations were ten times higher
in samples from efferent tumor veins, as compared to the
peripheral circulation. We have made a similar observation in
one patient in whom samples were taken during surgery. The
levels of HGF and VEGF-A were several times higher when
a sample was obtained from the efferent tumor vein, as
compared to a sample obtained simultaneously from a
peripheral artery. This implies that growth factor kinetics are
important for the understanding of concentrations in the
peripheral blood, and this warrants further studies. 

This study has demonstrated elevated plasma and serum
concentrations of HGF and VEGF-A in patients with NB.
We also observed higher concentrations of HGF and S-
VEGF-A in patients with advanced stage disease, and for

HGF a correlation with genetic markers. The implications of
these observations are that HGF and VEGF-A do indeed
have a biological role in NB angiogenesis. Inhibitors of
angiogenesis may be useful adjuvants or alternatives in the
treatment of NB patients. With the development of specific
angiogenesis inhibitors, the patient’s profile of angiogenic
growth factors could be used to choose the most suitable
inhibitor, e.g. a VEGF-A receptor signaling inhibitor (32),
or an HGF antagonist (33). 

Acknowledgements

This work was supported by grants from HRH Crown Princess
Lovisa’s Association for Child Medical Care and the Children’s
Cancer Foundation of Sweden.

Tommy Martinsson, Gothenburg University, provided important
clinical information. The staff at the Department of Pediatric
Anesthesiology was helpful in providing samples from healthy
controls. Siri Backhans was of assistance in proof-reading the
manuscript.

References

1 Jereb B, Bretsky SS, Vogel R and Helson L: Age and prognosis
in neuroblastoma. Review of 112 patients younger than 2 years.
Am J Pediatr Hematol Oncol 6: 233-243, 1984.

2 Coldman AJ, Fryer CJ, Elwood JM and Sonley MJ:
Neuroblastoma: Influence of age at diagnosis, stage, tumor site,
and sex on prognosis. Cancer 46: 1896-1901, 1980.

3 Brodeur GM, Fong CT, Morita M, Griffith R, Hayes FA and
Seeger RC: Molecular analysis and clinical significance of 
N-MYC amplification and chromosome 1p monosomy in human
neuroblastomas. Prog Clin Biol Res 271: 3-15, 1988.

4 Katzenstein HM, Bowman LC, Brodeur GM, Thorner PS, Joshi
VV, Smith EI, Look AT, Rowe ST, Nash MB, Holbrook T,
Alvarado C, Rao PV, Castleberry RP and Cohn SL: Prognostic
significance of age, MYCN oncogene amplification, tumor cell
ploidy, and histology in 110 infants with stage d(s)
neuroblastoma: The Pediatric Oncology Group experience – a
Pediatric Oncology Group Study. J Clin Oncol 16: 2007-2017,
1998.

5 Cotterill SJ, Pearson AD, Pritchard J, Foot AB, Roald B, Kohler
JA and Imeson J: Clinical prognostic factors in 1277 patients
with neuroblastoma: Results of the European Neuroblastoma
Study Group ‘survey’ 1982-1992. Eur J Cancer 36: 901-908,
2000.

6 De Bernardi B, Nicolas B, Boni L, Indolfi P, Carli M, Cordero
Di Montezemolo L, Donfrancesco A, Pession A, Provenzi M, di
Cataldo A, Rizzo A, Tonini GP, Dallorso S, Conte M, Gambini
C, Garaventa A, Bonetti F, Zanazzo A, D’Angelo P and Bruzzi
P: Disseminated neuroblastoma in children older than one year
at diagnosis: Comparable results with three consecutive high-
dose protocols adopted by the Italian Co-operative Group for
Neuroblastoma. J Clin Oncol 21: 1592-1601, 2003.

7 Folkman J: Anti-angiogenesis: New concept for therapy of solid
tumors. Ann Surg 175: 409-416, 1972.

8 Folkman J: What is the evidence that tumors are angiogenesis
dependent? J Natl Cancer Inst 82: 4-6, 1990.

Sköldenberg et al: HGF and VEGF in Childhood Neuroblastoma 

3317



9 Folkman J and D’Amore PA: Blood vessel formation: What is
its molecular basis? Cell 87: 1153-1155, 1996.

10 Rossler J, Breit S, Havers W and Schweigerer L: Vascular
endothelial growth factor expression in human neuroblastoma:
Up-regulation by hypoxia. Int J Cancer 81: 113-117, 1999.

11 Eggert A, Ikegaki N, Kwiatkowski J, Zhao H, Brodeur GM and
Himelstein BP: High-level expression of angiogenic factors is
associated with advanced tumor stage in human neuroblastomas.
Clin Cancer Res 6: 1900-1908, 2000.

12 Dirix LY, Vermeulen PB, Pawinski A, Prove A, Benoy I, De
Pooter C, Martin M and Van Oosterom AT: Elevated levels of the
angiogenic cytokines basic fibroblast growth factor and vascular
endothelial growth factor in sera of cancer patients. Br J Cancer
76: 238-243, 1997.

13 Pavlakovic H, Von Schutz V, Rossler J, Koscielniak E, Havers W
and Schweigerer L: Quantification of angiogenesis stimulators in
children with solid malignancies. Int J Cancer 92: 756-760, 2001.

14 Sköldenberg EG, Wassberg BE, Larsson A, Bergstrom P,
Jakobson Å, Lönnerholm G and Christofferson R: Elevated
serum levels of angiogenic growth factors in childhood
malignancies. Submitted. 

15 Hecht M, Schulte JH, Eggert A, Wilting J and Schweigerer L:
The neurotrophin receptor trkb cooperates with c-met in
enhancing neuroblastoma invasiveness. Carcinogenesis 26: 2105-
2115, 2005.

16 Comoglio PM and Trusolino L: Invasive growth: From
development to metastasis. J Clin Invest 109: 857-862, 2002.

17 Sköldenberg EG, Bergstrom P, Wassberg BE, Larsson A and
Christofferson RH: Angiogenic growth factors in the plasma and
serum of healthy children. Submitted. 

18 Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V,
Castelberry RP, De Bernardi B, Evans AE, Favrot M and
Hedborg F: Revisions of the international criteria for
neuroblastoma diagnosis, staging, and response to treatment. 
J Clin Oncol 11: 1466-1477, 1993.

19 Hedborg F, Lindgren PG, Johansson I, Kogner P, Samuelsson
BO, Bekassy AN, Olsen L, Kreuger A and Pahlman S: NMYC
gene amplification in neuroblastoma: A clinical approach using
ultrasound-guided cutting needle biopsies collected at diagnosis.
Med Pediatr Oncol 20: 292-300, 1992.

20 Tajiri T, Shono K, Fujii Y, Noguchi S, Kinoshita Y, Tsuneyoshi
M and Suita S: Highly sensitive analysis for NMYC
amplification in neuroblastoma based on fluorescence in situ
hybridization. J Pediatr Surg 34: 1615-1619, 1999.

21 Martinsson T, Sjoberg RM, Hallstensson K, Nordling M,
Hedborg F and Kogner P: Delimitation of a critical tumour
suppressor region at distal 1p in neuroblastoma tumours. Eur J
Cancer 33: 1997-2001, 1997.

22 Frostad B, Martinsson T, Tani E, Falkmer U, Darnfors C, Skoog
L and Kogner P: The use of fine-needle aspiration cytology in
the molecular characterization of neuroblastoma in children.
Cancer 87: 60-68, 1999.

23 Solberg HE and Grasbeck R: Reference values. Adv Clin Chem
27: 1-79, 1989.

24 Harris E and Boyd C (eds.): Statistical Basis of Reference Values
in Laboratory Medicine. New York, Marcel Dekker Inc, 1995.

25 Solberg HE: Refval: A program implementing the
recommendations of the International Federation of Clinical
Chemistry on the statistical treatment of reference values.
Comput Methods Programs Biomed 48: 247-256, 1995.

26 Poon RT, Fan ST and Wong J: Clinical implications of
circulating angiogenic factors in cancer patients. J Clin Oncol
19: 1207-1225, 2001.

27 Backman U, Svensson A and Christofferson R: Importance of
vascular endothelial growth factor A in the progression of
experimental neuroblastoma. Angiogenesis 5: 267-274, 2002.

28 Zarnegar R and Michalopoulos GK: The many faces of
hepatocyte growth factor: From hepatopoiesis to hematopoiesis.
J Cell Biol 129: 1177-1180, 1995.

29 Taniguchi T, Toi M, Inada K, Imazawa T, Yamamoto Y and
Tominaga T: Serum concentrations of hepatocyte growth factor
in breast cancer patients. Clin Cancer Res 1: 1031-1034, 1995.

30 Seidel C, Borset M, Turesson I, Abildgaard N, Sundan A and
Waage A: Elevated serum concentrations of hepatocyte growth
factor in patients with multiple myeloma. The Nordic Myeloma
Study Group. Blood 91: 806-812, 1998.

31 Taniguchi T, Kitamura M, Arai K, Iwasaki Y, Yamamoto Y, Igari
A and Toi M: Increase in the circulating level of hepatocyte
growth factor in gastric cancer patients. Br J Cancer 75: 673-
677, 1997.

32 Fong TA, Shawver LK, Sun L, Tang C, App H, Powell TJ,
Kim YH, Schreck R, Wang X, Risau W, Ullrich A, Hirth KP
and McMahon G: Su5416 is a potent and selective inhibitor
of the vascular endothelial growth factor receptor (flk-1/kdr)
that inhibits tyrosine kinase catalysis, tumor vascularization,
and growth of multiple tumor types. Cancer Res 59: 99-106,
1999.

33 Kuba K, Matsumoto K, Date K, Shimura H, Tanaka M and
Nakamura T: Hgf/nk4, a four-kringle antagonist of hepatocyte
growth factor, is an angiogenesis inhibitor that suppresses
tumor growth and metastasis in mice. Cancer Res 60: 6737-
6743, 2000.

34 Qian CN, Zhang CQ, Guo X, Hong MH, Cao SM, Mai WY, Min
HQ and Zeng YX: Elevation of serum vascular endothelial
growth factor in male patients with metastatic nasopharyngeal
carcinoma. Cancer 88: 255-261, 2000.

35 Meister B, Grunebach F, Bautz F, Brugger W, Fink FM, Kanz L
and Mohle R: Expression of vascular endothelial growth factor
(VEGF) and its receptors in human neuroblastoma. Eur J Cancer
35: 445-449, 1999.

36 Kayton ML, Rowe DH, O’Toole KM, Thompson RB, Schwarz
MA, Stolar CJ and Kandel JJ: Metastasis correlates with
production of vascular endothelial growth factor in a murine
model of human Wilms’ tumor. J Pediatr Surg 34: 743-747;
discussion 747-748, 1999.

37 Machein MR, Kullmer J, Fiebich BL, Plate KH and Warnke PC:
Vascular endothelial growth factor expression, vascular volume,
and, capillary permeability in human brain tumors. Neurosurgery
44: 732-740; discussion 740-731, 1999.

38 Tabone MD, Landman-Parker J, Arcil B, Coudert MC, Gerota I,
Benbunan M, Leverger G and Dosquet C: Are basic fibroblast
growth factor and vascular endothelial growth factor prognostic
indicators in pediatric patients with malignant solid tumors? Clin
Cancer Res 7: 538-543, 2001.

39 Skoldenberg EG, Christiansson J, Sandstedt B, Larsson A,
Lackgren G and Christofferson R: Angiogenesis and angiogenic
growth factors in Wilms tumor. J Urol 165: 2274-2279, 2001.

40 Salven P, Orpana A and Joensuu H: Leukocytes and platelets of
patients with cancer contain high levels of vascular endothelial
growth factor. Clin Cancer Res 5: 487-491, 1999.

ANTICANCER RESEARCH 29: 3311-3320 (2009)

3318



41 Brodeur GM, Azar C, Brother M, Hiemstra J, Kaufman B,
Marshall H, Moley J, Nakagawara A, Saylors R and Scavarda N:
Neuroblastoma. Effect of genetic factors on prognosis and
treatment. Cancer 70: 1685-1694, 1992.

42 Ramirez R, Hsu D, Patel A, Fenton C, Dinauer C, Tuttle RM and
Francis GL: Overexpression of hepatocyte growth factor/scatter
factor (hgf/sf) and the hgf/sf receptor (cmet) are associated with
a high risk of metastasis and recurrence for children and young
adults with papillary thyroid carcinoma. Clin Endocrinol (Oxf)
53: 635-644, 2000.

43 Alami J, Williams BR and Yeger H: Expression and localization
of HGF and met in Wilms’ tumours. J Pathol 196: 76-84, 2002.

44 Meitar D, Crawford SE, Rademaker AW and Cohn SL: Tumor
angiogenesis correlates with metastatic disease, NMYC
amplification, and poor outcome in human neuroblastoma. J Clin
Oncol 14: 405-414, 1996.

45 Canete A, Navarro S, Bermudez J, Pellin A, Castel V and
Llombart-Bosch A: Angiogenesis in neuroblastoma: Relationship
to survival and other prognostic factors in a cohort of
neuroblastoma patients. J Clin Oncol 18: 27-34, 2000.

46 Bloch W, Forsberg E, Lentini S, Brakebusch C, Martin K, Krell
HW, Weidle UH, Addicks K and Fassler R: Beta 1 integrin is
essential for teratoma growth and angiogenesis. J Cell Biol 139:
265-278, 1997.

47 Maeda J, Ueki N, Hada T and Higashino K: Elevated serum
hepatocyte growth factor/scatter factor levels in inflammatory
lung disease. Am J Respir Crit Care Med 152: 1587-1591, 1995.

48 Bousvaros A, Leichtner A, Zurakowski D, Kwon J, Law T,
Keough K and Fishman S: Elevated serum vascular endothelial
growth factor in children and young adults with Crohn’s disease.
Dig Dis Sci 44: 424-430, 1999.

49 Fuhrmann-Benzakein E, Ma MN, Rubbia-Brandt L, Mentha G,
Ruefenacht D, Sappino AP and Pepper MS: Elevated levels of
angiogenic cytokines in the plasma of cancer patients. Int J
Cancer 85: 40-45, 2000.

Received March 4, 2009
Revised June 4, 2009

Accepted June 12, 2009

Sköldenberg et al: HGF and VEGF in Childhood Neuroblastoma 

3319



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


