
ABSTRACT

Objectives: our objectives were to compare angiogenesis sol-
uble factor (ASF) levels in chronic hepatitis C (CHC) patients and
healthy individuals, and to investigate potential associations be-
tween ASF levels and both histological and biochemical markers
of disease progression. 

Method: thirty-six patients (69% males) positive for HCV-
RNA by PCR analysis were included in the study. All patients un-
derwent liver biopsy before treatment. Serum levels of vascular
endothelial growth factor (VEGF), soluble Flt-1 and Flk-1 recep-
tors, placental growth factor (PlGF), angiopoietin-2 (Ang-2) and
soluble Tie-2 receptor were determined by ELISA. Fifteen healthy
subjects were used as controls. 

Results: in comparison to healthy individuals, CHC patients
showed significantly increased serum levels of proangiogenic fac-
tors PlGF (22 ± 5 vs. 18 ± 8 pg/ml; p < 0.05), Ang-2 (1265 ±
385 vs. 833 ± 346 pg/ml; p < 0.005) and sFlt-1 (95 ± 22 vs. 72
± 14 pg/ml; p < 0.0001). Interestingly, in CHC patients serum
levels of VEGF and Tie-2 correlated with grade of inflammation,
PlGF correlated with stage of fibrosis, and Flt-1 and Flk-1 correlat-
ed with serum transaminase levels (p < 0.05 in all cases). 

Conclusions: CHC patients showed increased serum levels of
ASF, and a significant correlation was shown between serum lev-
els of selected ASFs and grade of inflammation, stage of fibrosis,
and transaminase levels.
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INTRODUCTION

Chronic hepatitis C (CHC) is a progressive disease
characterized by the development of hepatocellular
necrosis, inflammation, and fibrosis (1,2). It has been
shown that angiogenesis, the formation of new blood ves-
sels, occurs in various liver diseases; hepatocellular car-
cinoma is the condition where this phenomenon has been
best described, but it has also been recognized in CHC
(3,4). Immunohistochemical staining of CHC biopsies
demonstrated the existence of characteristic capillary
structures formed by CD31-positive endothelial cells
(EC) in inflamed portal tracts (4). Another pathological
condition featuring hepatic angiogenesis is experimental
biliary cirrhosis, where vascular endothelial growth fac-
tor (VEGF) is produced in response to hepatocellular hy-
poxia, thereby inducing hepatic vascular proliferation
(5). 

Different cell types can produce VEGF in the liver, in-
cluding hepatocytes, hepatic stellate cells, Kupffer cells
and leukocytes from inflammatory infiltrates (6). There is
evidence that hepatic stellate cells become activated in
response to hypoxia, thereby increasing the expression of
VEGF and its receptors (7). Multiple factors participate
in the angiogenic response. Among them, the most thor-
oughly studied are those with mitogenic properties for
EC, VEGF (8) being the best characterized. It belongs to
a family made up by VEGF-A, VEGF-B, VEGF-C,
VEGF-D and placental growth factor (PlGF). These fac-
tors bind to EC receptors with tyrosine kinase activity,
such as Flt-1 and Flk-1. Angiopoietin-2 (Ang-2) is anoth-
er molecule playing a central role in angiogenesis. In the
initial phases of angiogenesis, it destabilizes vascular in-
tercellular junctions, so that EC proliferation is facilitat-
ed. Its specific receptor is termed Tie-2 (9-11). 

Induction of EC growth and differentiation requires
that pro-angiogenic factors interact with their correspond-
ing receptors as expressed and activated in the cells (9).
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This expression is normally localized to the cell surface,
although a mechanism of proteolysis has been also de-
scribed, which results in the appearance of receptors in
the serum (12), these being then considered soluble fac-
tors. Determination of angiogenic factors and their solu-
ble receptors in the serum might represent an important
tool for the follow-up of diseases in which the occurrence
of angiogenesis has been demonstrated at the molecular
level, such as CHC, autoimmune liver diseases (6) and
hepatocellular carcinoma (13). The latter pathology is a
clear example where a significant relationship has been
observed between serum VEGF levels and VEGF expres-
sion in tumor cells (14). This indicates that serum VEGF
levels represent an indirect estimate of VEGF expression
in the tumor (15). 

Clinical follow-up of liver diseases often involves us-
ing invasive techniques to obtain biopsies, a procedure
that is not free of risks. Therefore, it is important to iden-
tify serum markers that may provide information about
the extent of disease progression without the need to
biopsy the patient. The first step when trying to identify
such factors is to focus on those molecules that play a
pathophysiologically relevant role in the development of
a given disease; then, its levels in the serum should be
studied, and possible associations between those levels
and disease progression should be investigated. There-
fore, the objective of our study was to determine serum
levels of ASFs in CHC patients, and to compare them
with serum transaminase levels, with fibrosis stage, and
with grade of inflammation in order to investigate
whether or not they may provide relevant additional in-
formation about disease progression. 

METHODS

Thirty-six consecutive patients (69% males, 31% fe-
males) admitted to the Hepatology Unit at Hospital Uni-
versitario de La Princesa with chronic hepatitis C virus
(HCV) infection (non-cirrhotics) were included in the
study. Other requirements for inclusion were the absence
of other liver diseases and the availability of a liver biop-
sy and frozen serum. Baseline data are shown in table I.
A group of 15 patients negative for hepatitis B and C
virus (73% males, 27% females) with normal serum lev-
els of liver enzymes was used for control. A baseline
serum sample was taken from all healthy controls and pa-
tients before receiving any treatment. 

CHC patients presented anti-HCV antibodies in their
serum (16). Diagnosis of active HCV infection was done
through HCV-RNA determination by PCR; viral load
was evaluated by HCV-Amplicor and HCV-Monitor
(Roche Diagnostics, Basel, Switzerland), and genotyping
was done through innoLiPA (Innogenetics, Zwijndreht,
Belgium). AST (aspartate amino-transferase), ALT (ala-
nine amino-transferase), GGT (gamma-glutamyl
transpeptidase) and AP (alkaline phosphatase) levels,

platelet counts, and HBV and HIV serology were deter-
mined in all patients.

Histological analysis: a liver biopsy was obtained
from all patients and analyzed using the METAVIR clas-
sification system, which evaluates fibrosis stage in a
scale from F0 to F4, where F0 represents absence of fibro-
sis; F1: portal fibrosis with septa; F2: few septa; F3: abun-
dant septa with cirrhosis; and F4: established cirrhosis.
Necroinflammatory activity was scored with a scale from
A0 to A3, where A0 represents absence of activity; A1:
weak activity; A2: moderate activity; A3: severe activity.
The histological evaluation was carried out by the Pathol-
ogy Department at Hospital Universitario de La Princesa
(A. García-Sánchez, MD).

ASF levels: serum samples were obtained from pa-
tients on the same day of liver biopsy and stored frozen at
-80 ºC. Serum levels of VEGF, PlGF, Flt-1, Flk-1, Ang-2
and Tie-2 were quantified by ELISA (Quantikine Hu-
man, R&D SYSTEMS, UK).

Statistical analysis: the statistical analysis was per-
formed using non-parametric tests, such as the Mann-
Whitney test, Pearson’s test, and a multiple linear corre-
lation test.

RESULTS

Serum PlGF levels in patients were significantly high-
er than in controls (Table II). Statistically significant dif-
ferences were also observed in Ang-2 and Flt-1 levels.
However, no significant differences between patients and
controls were found for VEGF, Tie-2 or Flk-1.
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Table I.  Baseline demographic and laboratory data for
patients

Patients (n = 36) Healthy (n = 15)
Mean ± SD Mean ± SD

Age 48 ± 8 39 ± 12
Sex (M: F) 25 : 11 11 : 4 
AST (U/L) 46.3 ± 41.7 22.7 ± 5.1
ALT (U/L) 79.4 ± 87.1 22.9 ± 9.5
GGT (U/L) 58.0 ± 68.9 23.9 ± 21.6
AP (U/L) 139.8 ± 64.7 54.0 ± 20.3
Viral load (X105 IU/mL) 7.3 ± 7.2 –
Genotype 

1 3 –
1a 8 –
1b 8 –
2a/2b 3 –
3a 11 –
4 3 –

Histological assessment
Grade A1 6 –

A2 26 –
A3 4 –

Stage F1 10 –
F2 20 –
F3 6 –
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It must be highlighted that a significant correlation was
found between fibrosis stage and PlGF levels in CHC pa-
tients (p = 0.04) (Fig. 1). A correlation also existed between
grade of inflammatory activity and VEGF levels (p = 0.04)
and Tie-2 (p = 0.05). As far as liver biochemistry is regard-
ed, Flt-1 and Flk-1 were significantly correlated with AST
(p = 0,05 and p= 0.01) and ALT (p = 0.01 and p = 0.01), re-
spectively. 

DISCUSSION 

As previously mentioned, the occurrence of hepatic
angiogenesis has been described in liver conditions such
as viral hepatitis, cirrhosis, autoimmune hepatitis, prima-
ry biliary cirrhosis, and hepatocellular carcinoma
(3,4,17). Most studies carried out in this field report vari-
ations in the molecular expression of factors involved in
angiogenesis (14,15). As this phenomenon may play a
pathogenic role in the development of liver damage, it
may be hypothesized that the identification of surrogate
markers in the serum that provide information about the
extent of angiogenesis may represent a useful tool for
disease characterization and follow-up. We currently
know that new vascular structures associated with inflam-
matory infiltrates in periportal areas develop in CHC (4).

There are also data about some of the molecular mecha-
nisms determining the formation of those neovessels
(17). However, it is not known whether any pro-angio-
genic factors may provide information about CHC pro-
gression, as already described in other pathologies. For
instance, Oskun et al. observed higher serum VEGF lev-
els in breast cancer patients versus healthy women
(137.2 ± 64.7 pg/ml vs. 107.3 ± 50 pg/ml) (18). Similar-
ly, Harris et al. found that, before treatment with Razox-
ane, renal cancer patients presented significantly elevat-
ed levels of Tie-2 when compared to healthy controls
(0.74 pg/ml vs. 0.56 pg/ml), as well as of Flt-1 (77 ± 9
pg/ml vs. 65 ± 8); afterwards, they observed that Tie-2
serum levels decreased in patients with stable disease
(66.9 pg/ml), while they were increased in patients with
progressive disease (83 pg/ml). The authors suggested
that this factor might be used as a post-treatment follow-
up marker (18,19). 

There are also examples of malignant tumors such as
colon cancer and multiple myeloma where, in addition to
reported variations in ASF levels between patients and
healthy subjects, a prognostic value of some markers has
been described (20). For instance, in multiple myeloma
patients under treatment with the antiangiogenic drug
thalidomide, serum levels of Flt-1 and Tie-2 were found
to correlate with a poor prognosis (20). Similarly, serum
VEGF levels have been proposed as prognostic markers
in disseminated sarcoidosis patients (21) and in patients
with inflammatory bowel disease (22).

Serum VEGF levels have also been suggested to corre-
late with platelet count in hepatocellular carcinoma pa-
tients. It has been reported that, in the presence of tumors,
circulating platelets may transport huge amounts of
VEGF in their granules, which are not reflected in serum
levels. Therefore, it has been suggested that quantifica-
tion of VEGF per platelet count might be used as a prog-
nostic marker, since significantly higher figures were ob-
served in hepatocellular carcinoma patients than in
cirrhotics and healthy controls (23). 

In the present study, levels of VEGF soluble receptors
Flt-1 and Flk-1 were found to positively correlate to
transaminase serum levels. Likewise, a significant corre-
lation existed between PlGF levels and fibrosis stage; and
VEGF and sTie-2 levels were correlated with inflamma-
tory activity. The fact that associations were only found
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Table II. Serum levels of angiogenesis soluble factors

Patients Healthy Statistical
Mean Range Mean Range significance (p)

PlGF (pg/ml) 20 15-38 16 10-38 0.01
Ang-2 (pg/ml) 1172 846-2211 723 470-1480 0.005
Flt-1 (pg/ml) 91 65-167 69 52-101 0.0001
Flk-1 (pg/ml) 1944 949-3622 2038 1046-3620 0.1
VEGF (pg/ml) 364 223-871 312 242-258 0.3
Tie-2 (ng/ml) 1.9 1.1-2.6 1.7 1.0-2.7 0.3

Fig. 1.
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between ASF and fibrosis in some cases –inflammation
and transaminases in other cases– might be related to the
limited number of patients included in the study. In any
case, angiogenesis is a multifactorial, extremely complex
process involving a huge number of molecules and cells
regulated at different levels by various factors. Therefore,
it is conceivable that each ASF determined in the present
study is stimulated and/or regulated by a different
process, be it inflammation, fibrosis-associated hypoxia
or nonspecific cell damage. Hence, it is not surprising
that different degrees of association may be observed be-
tween each factor and grade of inflammation, fibrosis
stage, or transaminase levels.

Our results may have important clinical implications.
First, the demonstration of an association between varia-
tions in serum levels of ASF and CHC progression con-
ceptually supports the critical role played by angiogene-
sis in chronic liver disease, as previously suggested
(6,24). Second, the determination of ASFs in parallel to
viral load and fibrosis markers may provide complemen-
tary information for the evaluation of disease progres-
sion. This would be particularly useful in case a modula-
tion of serum ASF levels in response to antiviral
treatment was demonstrated, as this might help evaluate
response to treatment and define the optimal follow-up
strategy for each patient. Indeed, this will require the
conduction of further prospective studies with larger pa-
tient cohorts. 

It may be concluded that an increase in serum ASF
levels exists in CHC, possibly reflecting angiogenic ac-
tivity in the liver; similarly, there seems to be a certain re-
lationship between ASFs and histological damage. How-
ever, further studies are required in the future, with larger
cohorts of patients, in order to confirm the pro-angio-
genic factor, or combination of factors, potentially useful
as markers of prognosis and progression in CHC.
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