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Abstract. Aim: To study the impact of circulating vascular
endothelial growth factors (VEGF) -A, -C and -D and their
soluble receptors VEGFR-1/-2 on disease invasion and
progression in patients with pre-invasive (CIN), invasive
(PCC) and recurrent (RCC) cervical cancer. Patients and
Methods: Blood samples were obtained from 125 women,
including 50 cases of CIN, 51 of PCC and 24 of RCC, before
treatment. Soluble (s) biomarker levels were determined by
ELISA and tested for correlation with histopathological
factors. Results: With disease progression, sVEGF-A
(p=0.007) and sVEGFR-2 (p=0.014) significantly increased,
while sVEGF-D (p=0.046) decreased. sVEGFR-2 levels were
increased in node+ patients (p=0.024) and in metastatic
disease (p=0.003). sVEGF-A values were higher in HPV+
cases (p=0.019). In detecting disease invasiveness, sensitivity
and specificity were 76% and 48% for sVEGF-A, 52% and
32% for sVEGF-D, 25% and 94% for sVEGF-C, 93% and
6% for sVEGFR-1 and 73% and 34% for sVEGFR-2,
respectively. Conclusion: In cervical neoplasia, a switch from
a lymphangiogenic phenotype towards a hemangiogenic
phenotype occurs with disease invasion and progression. The
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sensitivity and specificity values, however, seem not
convincing enough to establish these factors as clinical

markers for disease invasiveness in cervical cancer.

The formation of new vessels is obligatory for the growth,
progression and spread of epithelial tumors. The family of
vascular endothelial growth factors (VEGF) are known to
be involved in tumor neoangiogenesis. Presently, four VEGF
members have been identified: While VEGF-A and VEGF-
B are mainly involved in hemangiogenesis (1), VEGF-C and
its close homolog VEGF-D take part primarily in the growth
of lymphatic vessels (2, 3). In several types of carcinoma,
including cervical cancer, a high expression of VEGF has
been associated with disease progression and poor outcome
(4-8). Circulating VEGFs are regarded as surrogate markers
of neoangiogenesis. To date, studies investigating the
influence of the various circulating VEGF members on
disease progression and their prognostic significance in
cervical cancer are limited. A potential clinical use of
circulating VEGF-A and -C in cervical cancer has recently
been hypothesized based on reports that pre-therapeutic
serum (s) VEGF-A and sVEGF-C values increase with
advancing stage, decrease after treatment and correlate with
disease recurrence or disease persistence after treatment (9).
No studies as yet exist regarding the value of sVEGF-D
measurements nor of circulating levels of the corresponding
VEGF receptors VEGFR-1/-2 in patients with cervical
neoplasm.

This study aimed to investigate firstly, if the levels of
sVEGF-A, -C, -D and their receptors sVEGFR-1 and -2
change between preinvasive, invasive and recurrent disease;
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secondly, if changes occur, whether the markers behave in a
similar manner; and thirdly, if the parameters correlate with
established clinicopathological factors in cervical cancer.

Patients and Methods

Study population. This prospective study included all patients with
newly diagnosed preinvasive and invasive cervical cancer who were
evaluated and treated at Charité University Hospital, Berlin, between
January 2003 and December 2005. Patients with a history of other
cancer were excluded. The study was conducted in accordance with
local regulations and with the approval of the local institutional
review boards. All patients gave written informed consent for this
study. A total of 125 women were enrolled into this study,
comprising 50 pre-invasive (CIN), 51 primary invasive (PCC) and
24 recurrent invasive cervical carcinomas (RCC). All patients were
staged following the guidelines of the International Federation of
Gynecology and Obstetrics (FIGO). Histological diagnosis was
established following surgical resection or biopsy. Pathological
specimens were centrally reviewed and classified according to the
World Health Organization classification.

Sample collection. Serum and plasma samples were collected before
initiation of treatment. Blood samples were obtained by peripheral
venous puncture, centrifuged immediately at 3000 xg, aliquoted and
immediately frozen at —80°C until further analysis.

Assays. The values of plasma VEGF-A, serum VEGF-C, serum
VEGF-D and serum VEGFR-1 /-2 were determined using the
Quantikine Human Vascular Endothelial Growth Factor
Immunoassay (R&D Systems, Minneapolis, MN, USA) according
to the manufacturer’s guidelines and as described elsewehere (10).

Statistical analysis. Comparisons between unpaired groups were
made using the Mann—Whitney U-test. Comparisons between
multiple groups were performed using the Kruskal-Wallis test.
Correlations between the serum parameters and histopathological
factors were calculated using the Spearman correlation coefficient.
Receiver operating characteristic (ROC) curves were evaluated and
plotted for sensitivity and specificity assessments. For statistical
analysis, SPSS Version 13.0 software was used (SPSS, Chicago, IL,
USA). Significance was assumed at a value of p<0.05.

Results

Study population. The characteristics of the patients at
diagnosis are summarized in Table I.

Preinvasive versus invasive and recurrent cervical carcinomas.
The results of the biomarker analyses are provided in Table II.
A significant increase in mean sVEGF-A values was found
comparing CIN (81.9 pg/ml), PCC (139.8 pg/ml) and RCC
(1529 pg/ml; p=0.007). Similarly, increasing levels of
sVEGF-R2 were detected comparing CIN (10,606 pg/ml) and
RCC (11,622.1 pg/ml; p=0.014 ). In contrast, a significant
decrease of sVEGF-D levels was found comparing pre-
invasive (425.8 pg/ml) with invasive (382.5 pg/ml) and
recurrent lesions (376.7 pg/ml; p=0.046). Analysing the
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Table 1. Patient characteristics.

CINn (%) PCCn (%) RCCn (%)

Total no. patients 50 (100% ) 51 (100% ) 24 (100% )
Median age (years) 36 47 47

Premenopausal status 44 (88%) 30 (59% ) 14 (58% )
Stage (CIN/FIGO)
1 7 (14%) 22 (43%)
11 8 (16%) 13 (26%)
11 35 (70%) 13 (26%)
v 3(6%)
Histology
Squamous cell 37 (73%) 21 (88%)
Adenocarcinoma 7 (14%) 1(4%)
Adenosquamous 4 (8%) 1(4%)
X 3(6%) 1 (4%)
Grade
1 2 (4% ) 0(0%)
1T 25 (49%) 13 (54%)
11 21 (41%) 10 (42%)
X 3(6%) 1(4%)
N + 19 (37%) 9 (38%)
M + 3(6%) 14 (58%)
L+ 15 (29%) 5R21%)
HPV + 20 (40% )

N+, Lymph node-positive; M+, distant metastasis-positive; L+,
lymphatic vessel invasion-positive; HPV+, human papilloma virus high-
risk-positive; X, unknown; CIN, preinvasive cervical carcinoma; PCC,
primary invasive cervical carcinoma; RCC, recurrent invasive cervical
carcinoma.

subgroup of patients with pre-invasive lesions, a significant
increase in SVEGF-A values was found in HPV high-risk-
positive patients (104.3 pg/ml) compared to HPV high-risk-
negative patients (60.8 pg/ml; p=0.019), while the other
biomarkers did not reveal any significant correlation. Serum
VEGF-C and sVEGFR-1 did not show any significant
correlation with disease invasion or progression.

Correlation  with  clinicopathological ~ parameters.
Correlations between the biomarkers and clinicopathological
factors were performed for tumor histology, FIGO stage,
lymph node status, presence of distant metastasis, grade, age
at primary diagnosis and smoking habits. Higher mean
sVEGF-R2 values were found in node-positive cases (11,
206.5 pg/ml) versus node-negative cases (10, 216.5 pg/ml;
p=0.024) as well as in patients who presented with distant
metastases (11, 206.5 pg/ml) compared to those without (10,
360.1 pg/ml; p=0.003). Serum VEGF-D levels were lower in
cases with lymphatic vessel invasion (302.7 pg/ml) versus
cases without (508.5 pg/ml; p=0.019). The other biomarkers
did not correlate with lymphatic vessel invasion, lymph node
involvement, or distant metastasis. None of the biomarkers
correlated with tumor histology, FIGO stage, tumor grade,
age at primary diagnosis, or smoking habits.
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Table II. Serum levels (pg/ml, mean (range)) of the circulating biomarkers in relation to histopathological factors.

sVEGF-C

sVEGF-R1

sVEGF-R2

pVEGF SVEGF-D
CIN 81.9 (8-272) 4258 (181-1002)
PCC 139.8 (20.5-893) 382.5 (104-2385)
RCC 152.9 (24.1-529) 376.7 (30-996)
p-Value 0.007 0.046

NO 114.4 (26.6-279) 4540 (133-2385)
N1 180.6 (20.5-893) 358.0 (30-996)
p-Value* 0.484 0.484

MO 131.0 (20.5-529) 385.5 (30-2385)
Ml 195.7 (24.1-893) 379.6 (36.8-996)
p-Value* 0.140 0.860

Lo 117.0 (20.5-279) 508.5 (151-2385)
L1 126.0 (26.6-387) 302.7 (104-602)
p-Value* 0.978 0.020
Premenop.  100.7 (8-390) 4120 (36.8-2385)
Postmenop.  166.0 (24.1-893) 368.3 (30-996)
p-Value 0.033 0393

HPV + 60.8 (8-130) 433.6 (192-1002)
HPV- 1043 (27.9-272) 455.1 (248-789)
p-Value® 0.019 0.539

9653.0 (3716-19906)
10682.2 (3631-23722)
10909.9 (4134-20948)
0.427

12302.1 (3631-23722)

10738.9 (4134-19233)
0.277

10691.2 (3631-23722)

11103 .4 (4134-20948)
0.759

12175.9 (3631-23722)

10992.3 (4134-21861)
0.456

10595.8 (3716-23722)

9726.5 (3631-16714)
0.436

10172.3 (3716-19906)

9067.8 (5918-12227)
0.501

734 (19.5-116)
83.6 (25-190)
724 (23.9-157)

0.123
83.0 (43.4-166)
790.0 (23.9-190)
0.338
79.5 (23.9-190)
75.3 (35.8-157)
0.360
82.0 (43.4-166)
67.6 (23.9-157)
0.074
78.2 (19.5-190)
76.6 (25-164)
0.968
76.3 (38.2-116)
67.8 (30.9-90.9)
0.225

10606.1 (6001-15131)

10242.0 (5792-14670)

11622.1 (7455-15050)
0.014

10216.5 (7848-13227)

11206.5 (7450-14670)
0.024

10360.1 (5792-15050)

11855.2 (8668-14670)
0.003

10242.5 (7716-13983)

10786.1 (7455-13890)
0.332

10735.7 (6001-15131)

10522.1 (5792-15050)
0.606

11315.0 (8085-15131)

10378.4 (6675-14155)
0.231

CIN: Preinvasive cervical cancer; PCC: primary invasive cervical cancer; RCC: recurrent cervical cancer; *invasive lesions only, °preinvasive lesions

only.

Evaluation of the circulating biomarkers as clinical markers
for disease invasiveness. ROC curves were performed for
each biomarker. No satisactory sensitivity or specificity rates
indicating disease invasion for any of the five biomarkers
were found: for pVEGF-A, sensitivity was 76% with a
specificity of 48% ; for sVEGF-D: 52% and 32%, for
SVEGF-C: 25% and 94% , for sVEGFR-1: 93% and 6% ;
and for sVEGFR-2: 73% and 34% .

Discussion

The family of VEGFs plays a crucial role in tumor
neoangiogenesis. While VEGF-A is mainly involved in the
formation of blood vessels (1), VEGF-C and -D predominate
in lymphangiogenesis (2, 3). Recent studies demonstrate that
not only the detection of VEGFs in the tumor specimen itself
but also the analysis of the levels of circulating VEGFs
provide useful information about the neoplasm (11). In
several malignancies, including breast (12, 13), ovarian (14)
and gastrointestinal cancer (15), elevated levels of sSVEGFs
have been associated with malignant potential and poor
prognosis. It has been postulated that the circulating VEGFs
might be clinically valuable as tumor markers. In cervical
cancer, data on the significance of circulating VEGF-A and -
C are limited (9, 16). Studies on the influence of SVEGF-D
and sSVEGFR 1/-2 are lacking overall. In this study, we aimed
to investigate the influence of the different sSVEGF members
as well sVEGFR-1 and -2 on disease invasion and
progression in cervical carcinoma. We found increasing

SVEGF-A levels in invasive and recurrent cervical cancer
compared to preinvasive lesions. These data confirm the
observation of Lebrecht et al. (16), who described increased
circulating sVEGF-A levels in invasive cervical cancer
compared to CIN. The data are in accordance with Mitsuhashi
et al. (9), who detected elevated levels of sVEGF-A in
recurrent cancer. We did not find a correlation with FIGO
stage, lymph node involvement (17), tumor histology or
further pathohistological factors as described by these authors
(9, 16). VEGF-C and sVEGF-D are thought to be involved
in the formation of lymphatic vessels (18, 19). In cervical
cancer, sSVEGF-C has been associated with lymph node
metastasis, lymphatic tumor spread and advanced or
persistent cancer (9, 20). Moreover, an up-regulation of
sVEGF-C by carcinogenic nicotine has been described in cell
lines (21). In our study, sVEGF-C did not correlate with any
parameter analysed, not even with the lymph node status nor
with smoking habits. Our study, therefore, does not confirm
SVEGF-C as a prognostic parameter in cervical cancer.

Like VEGEF-C, the close homolog VEGEF-D is thought to
promote lymphangiogenesis (22). Data on the role of
circulating VEGF-D in human carcinomas are extremely
limited. A study on pretherapeutic SVEGF-D levels in colorectal
cancer did not find any association with clinicopathological
parameters (14). Similarly, a study in breast cancer did not find
any differences in SVEGF-D levels in carcinomas cases as
compared to controls (12). This study is the first to analyse
circulating VEGF-D in cervical cancer. Interestingly, we found
higher levels of sSVEGF-D in CIN compared to cases with
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invasive and recurrent lesions. In cervical cancer specimens, Van
Trappen et al. (23) detected higher levels of VEGF-D in CIN
IIT compared to CIN I/II. The levels in CIN III lesions were
similar to those in invasive carcinomas. The authors concluded
that in CIN III, a lymphangiogenic phenotype becomes
predominant compared to ealier stages. In colorectal cancer
specimens, Hanrahan et al. (8) discovered higher levels of
SVEGF-D in normal tissue compared to adenomas and
carcinomas. Higher levels were also detectable in the normal
tissue distant from the primary tumor. The authors concluded
that higher levels of VEGF-D in normal tissue indicate changes
that facilitate a subsequent tumor spread. In lung
adenocarcinoma specimens, Niki et al. (24) found elevated
VEGF-D levels in normal lung tissue and in patients without
lymph node metastases. In node-positive patients, VEGF-D
levels were significantly lower. The authors speculated that
VEGF-D might represent an antimetastatic factor. Finally,
Kopfstein et al. were able to demonstrate in a transgenic mouse
model that VEGF-D induced lymphangiogenesis but yet
repressed hemangiogenesis and tumor outgrowth (25). The
observation of our study on soluble VEGF D in cervical cancer
confirm these results. The high levels of sSVEGF-D in CIN
rather than in invasive cervical cancer indicate that the
lymphangiogenic pathway predominates in preinvasive lesions.
In invasive and recurrent lesions, a shift towards a
hemangiogenic phenotype seems to occur, characterized by
reduced sVEGF levels and increased levels of sVEGF-A in
advanced carcinomas.

The different VEGFs act through activation of the
corresponding receptor (26, 27): VEGF-A promotes vascular
growth by activating VEGFR-1 and -2, primarily localized on
endothelial cells (28). VEGF-D primarily activates VEGFR-3,
a receptor mainly localized on lymphatic vessels (29). In the
analyses of the soluble receptors sVEGFR-1 and sVEGFR-2,
only sVEGFR-2 proved to be correlated with histopathological
factors in this study. Serum levels of VEGFR-2 were higher in
recurrent compared to pre-invasive and primary invasive
carcinoma, in node-positive disease and in patients with distant
metastases. These results confirm the proangiogenic status of
advanced invasive carcinomas as indicated by the elevated
serum levels of VEGF-A in advanced tumors.

For serum VEGF-A and serum VEGF-C, their potential
clinical use as tumor markers has been proposed based on
observations that serum levels are elevated prior to treatment,
decrease after treatment and correlate with disease persistence,
recurrence and treatment failure (9, 11, 30). The design of our
study does not allow conclusions regarding this matter.
However, due to the wide range of the serum levels, a huge
overlap of the serum level range is observed between invasive
and advanced carcinomas compared to preinvasive lesions, early
tumor stages or even healthy controls in most studies, including
our series (9, 15). This is reflected in the disappointing
sensitivity and specificity rates demonstrated in this study. From
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these data we, so far, cannot postulate that these factors might
serve as useful clinical tools for differentiation between
preinvasive and invasive lesions and disease surveillance in
cervical cancer. From these data, we conclude that the VEGF
family plays a distinct role in cervical cancer. In preinvasive
tumors, a lymphangiogenic phenotype seems characteristic.
With disease progression, a hemangiogenic phenotype
predominates. At present, however, the differences in the serum
levels do not seem clear enough to support the value of
circulating VEGFs as tumor markers in cervical cancer.
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